
World Journal of 
Anesthesiology
World J Anesthesiol  2016 March 27; 5(1): 1-37

Published by Baishideng Publishing Group Inc

ISSN 2218-6182 (online)



EDITOR-IN-CHIEF
Zhiyi Zuo, Charlootesville

GUEST EDITORIAL BOARD 
MEMBERS
Der-Yang Cho, Taichung
Chih-Cheng Chen, Taipei
Jen-Kun Cheng, Taipei
Yuan-Yi Chia, Kaohsiung
Fu-Tsai Chung, Taoyuan
Jia-You Fang, Taoyuan
Chung-Hsi Hsing, Tainan
Shih-Tzu Huang, Taichung
Bruno Jawan, Kaohsiung
Mei-Chuan Ko, Taipei
Wen-Jinn Liaw, Taipei
Jaung-Geng Lin, Taichung
Yi-Wen Lin, Taichung
Bai C Shyu, Taipei
Wei-Zen Sun, Taipei
Ping-Heng Tan, Kaohsiung
Chien-Kun Ting, Taipei
Chih-Shung Wong, Taipei
Kar-Lok Wong, Taichung
Sheng-Nan Wu, Tainan
Huang-Ping Yu, Taoyuan
Hui-Bih Yuan, Taipei

MEMBERS OF THE EDITORIAL 
BOARD

Argentina
Daniel P Cardinali, Buenos Aires

Armenia
Remy V Hakobyan, Yerevan

Australia
Dirk F van Helden, Callaghan
Manal I Kassab, Irbid

Austria
Andre Ewers, Salzburg
Rudolf Likar, Klagenfurt
Gerhard Litscher, Graz
Thomas J Luger, Innsbruck

Belgium
Karel M Allegaert, Leuven
Steven Droogmans, Brussels
Ali Gholamrezaei, Leuven
Marcel Vercauteren, Edegem

Brazil
Leonardo F Fraceto, Sorocaba
Janetti N Francischi, Belo Horizonte
Renato S Gomez, Belo Horizonte
Luiz E Imbelloni, Joao Pessoa
Omero B Poli-Neto, Ribierao Preto
Andre P Schmidt, Porto Alegre

Silvia RDT Siqueira, Sao Paulo

Canada
Seth NP Davis, Montreal
Stephane Elkouri, Québec
Michael Namaka, Winnipeg
Harsha Shanthanna, Hamilton
Prabhat K Sinha, Campbellton
Alex W Thomas, London
Yu-Feng Xie, Toronto
Haibo Zhang, Toronto

Chile
Iván S Galdames, Talca
Guillermo E Lema, Santiago
José Lorenzoni, Santiago

China
Jun-Li Cao, Xuzhou
Chi W Cheung, Hong Kong
Sheng-Hua Chu, Shanghai
Ru-Ping Dai, Changsha
Yanguo Hong, Fuzhou
Yi-Ping Hou, Lanzhou
Wen-Jin Ji, Guangzhou
En-You Li, Harbin
Jing Li, Xi'an
Jun-Fa Li, Beijing
Ming Li, Shanghai

I

Editorial Board
2016-2019

The World Journal of Anesthesiology Editorial Board consists of 375 members, representing a team of worldwide 
experts in anesthesiology. They are from 52 countries, including Argentina (1), Armenia (1), Australia (2), Austria 
(4), Belgium (4), Brazil (7), Canada (8), Chile (3), China (48), Croatia (3), Czech Republic (3), Denmark (3), Egypt 
(5), Finland (2), France (4), Germany (8), Greece (5), India (21), Iran (16), Ireland (3), Israel (5), Italy (26), Jamaica 
(1), Japan (12), Jordan (1), Kosovo (1), Lebanon (4), Luxembourg (1), Mexico (2), Netherlands (2), New Zealand (1), 
Nigeria (1), Norway (1), Poland (1), Portugal (1), Romania (1), Russia (1), Saint Kitts and Nevis (1), Saudi Arabia 
(5), Serbia (1), Singapore (2), South Africa (1), South Korea (12), Spain (3), Sweden (4), Switzerland (4), Thailand 
(2), Tunisia (1), Turkey (24), United Arab Emirates (1), United Kingdom (12), and United States (89).

February 28, 2016WJA|www.wjgnet.com

World Journal of 
AnesthesiologyW J A



Xiao-Li Li, Beijing
Ke-Xuan Liu, Guangzhou
Tao Luo, Wuhan
Fan Qu, Hangzhou
Fu-Zhou Wang, Nanjing
Xuan Wang, Shanghai
Gordon TC Wong, Hong Kong
Guo-Gang Xing, Beijing
Guang-Yin Xu, Suzhou
Jian-Guo Xu, Nanjing
Fu-Shan Xue, Beijing
Jian-Jun Yang, Nanjing
Zuo-Zhang Yang, Kunming
Wei-Feng Yu, Shanghai
Sheng-Mei Zhu, Hangzhou

Croatia
Slavica Kvolik, Osijek
Kata Sakic, Osijek
Alan Sustic, Rijeka

Czech Republic
Pavel Michalek, Prague
Ladislav Novotny, Ceperka
Josef Velisek, Vodnany

Denmark
Mads Carstensen, Herlev
Carl-Johan Jakobsen, Aarhus 
Troels H Lunn, Copenhagen

Egypt
Omar ME Abdel-Salam, Cairo
Yasser M Amr, Tanta
Hussein I El-Subbagh, Cairo
Yasser A Khadrawy, Cairo
Sherif K Mohamed, Cairo

Finland
Subas Neupane, Tampere
Jyrki J Tenhunen, Tampere

France
Jacques H Abraini, Caen
Chrystel Becker, Paris
Gilles Dhonneur, Paris
Clement Dubost, Saint Mande

Germany
Mussarat Afzal, Dammam
Kamayni Agarwal, Stade
Sascha Meyer, Homburg

M Javad Mirzayan, Hannover
Michael Noll-Hussong, Ulm
Rainer Sabatowski, Dresden
Sebastian Straube, Goettingen
Stefan Wirz, Bonn

Greece
Argyro Fassoulaki, Athens
Evangelos A Konstantinou, Athens
Anna Mavroforou, Larissa
Ioannis K Toumpoulis, Athens
Theodoros Xanthos, Athens

India
Vivek Aggarwal, New Delhi
Sanjay Agrawal, Dehradun
Sushma Bhatnagar, New Delhi
Subhagata Chattopadhyay, Kolkata
Anusha Cherian, Pondicherry
Sarbani Hazra, Kolkata
Debasish Hota, Bhubaneswar
Kalpesh Jani, Vadodara
Nishant Kumar, New Delhi
Pramod V Lokhande, Pune
Neeti Makhija, New Delhi
Sukanya Mitra, Chandigarh
Medha Mohta, Delhi
Deb S Nag, Jamshedpur
Goverdhan D Puri, Chandigarh
Girija P Rath, New Delhi
Subrata B Ray, New Delhi
Rajeev Sharma, New Delhi
Uma Srivastava, Agra
Rajeshwar N Srivastava, Lucknow
Asha Tyagi, New Delhi

Iran
Asghar Akbari, Zahedan
Sayed A Ebneshahidi, Isfahan
Payam Eghtesadi-Araghi, Tehran
Sina Ghaffaripour, Shiraz
Roja Hadianamrei, Sari
Alireza R Jafari, Tehran
Mohammad-Reza Jafari, Zanjan
Zahid H Khan, Tehran
Patricia Khashayar, Tehran
Jalil Makarem, Tehran
Shahram Nafisi, Tehran
Jalal Pourahmad, Tehran
Mohammadreza Safavi, Isfahan
Parvin Sajedi, Isfahan
Farid Zand, Shiraz
Nasrin Zand, Tehran

Ireland
Muhammad Ajmal, Dublin
Ian Conrick-Martin, Dublin

Brian O'Donnell, Cork

Israel
Abraham J Domb, Jerusalem
Doron Kopelman, Haifa
Micha Y Shamir, Jerusalem
Eyal Sheiner, Beer Sheva
Alexander Zlotnik, Beer Sheva

Italy
Caterina Aurilio, Napoli
Carlo V Bellieni, Siena
Paolo Boffano, Aosta
Giampiero Campanelli, Milano
Massimiliano Carassiti, Rome
Franco Cavaliere, Rome
Cosimo Chelazzi, Florence
Flaminia Coluzzi, Latina
Germano De Cosmo, Rome
Pasquale De Negri, Rionero in Vulture 
Ivano Dones, Milano
Alfio Ferlito, Udine
Dario Galante, Foggia
Andrea Gentili, Bologna
Luca La Colla, Parma
Giovanni Landoni, Milano
Marco Luchetti, Lecco
Sabatino Maione, Naples
Maurizio Marandola, Rome
Paolo Marchettini, Milano
Michele Papa, Napoli
Giuseppe Simone, Rome
Stefano Tamburin, Verona
Andrea Tinelli, Lecce
Gabriele Tonni, Guastalla
Jorge H Villafane, Piossasco

Jamaica
Hariharan Seetharaman, Mona

Japan
Young-Chang P Arai, Aichi
Sei Fukui, Otsu
Satoshi Hagiwara, Yufu
Kazuo Higa, Fukuoka
Nozomi Majima, Takatsuki
Tomoki Nishiyama, Tokyo
Shinji Osada, Gifu
Mio Ozawa, Hiroshima
Kazi Rafiq, Miki-Cho
Tsukasa Sakurada, Fukuoka
Yasuhito Uezono, Tokyo
Takeshi Yano, Miyazaki

Jordan
Nijmeh Al-Atiyyat, Amman

II February 28, 2016WJA|www.wjgnet.com



III February 28, 2016WJA|www.wjgnet.com

Kosovo
Antigona Hasani, Pristina

Lebanon
Chakib M Ayoub, Beirut
Sharbel D Fahed, Beirut
John J Haddad, Beirut
Freda C Richa, Beirut 

Luxembourg
Fernand Anton, Luxembourg

Mexico
Carlos R Camara-Lemarroy, Monterrey
Sergio RZ Hernandez, Santo Tomas

Netherlands
Antoinette IM van Laarhoven, Nijmegen
Andre P Wolff, Nijmegen

New Zealand
Kelly PA Byrne, Hamilton

Nigeria
Misauno M Ayedima, Jos

Norway
Harald Breivik, Oslo

Poland
Tomasz J Stefaniak, Gdansk

Portugal
Francisco Almeida Lobo, Porto

Romania
Daniela Ionescu, Cluj-Napoca

Russia
Andrey Bokov, Nizhniy Novgorod

Saint Kitts and Nevis
Ignacio Lizarraga, Basseterre

Saudi Arabia
Wadha M Al Otaibi, Riyadh
Roshdi R Al-Metwalli, Al-Khobar
Laiche Djouhri, Al-Ahssa
Hany A Mowafi, Al-Khobar
Ahmed M Omar, Dhahran

Serbia
Slobodan D Spasojevic, Novi Sad

Singapore
Nicholas HL Chua, Singapore
Kalindi DeSousa, Singapore

South Africa
Linzette D Morris, Tygerberg

South Korea
Dong-Kuk Ahn, Deagu
Chong W Bak, Seoul
Hwan-Soo Jang, Daegu
Sung J Jung, Seoul
Duk-Kyung Kim, Seoul
Jang-Hern Lee, Seoul
Ki-Young Lee, Seoul
Il-Ok Lee, Seoul
Sun S Min, Daejeon
Ju-Tae Sohn, Jinju
Kyung Y Yoo, Gwangju
Myung H Yoon, Gwangju

Spain
Pedro E Bermejo, Madrid
Manuel Giner, Madrid
Bernardino Roca, Castellón de la Plana

Sweden
Robert G Hahn, Sodertalje
Gabriel Sandblom, Stockholm
Hari S Sharma, Uppsala
Folke Sjoberg, Linkoping

Switzerland
Christoph K Hofer, Zurich
Konstantinos Kalimeris, Zurich
Heinz-Theo Lubbers, Zurich
Bernhard Schaller, Therwil

Thailand
Varut Lohsiriwat, Bangkok

Sasikaan Nimmaanrat, Songkhla

Tunisia
Ismail Bejia, Monastir

Turkey
Murat Alemdar, Sakarya
Gokcen Basaranoglu, Istanbul
Azize Bestas, Elazig
Ozgur Canbay, Sihhiye
Saliha E Demir, Istanbul
Ozlem K Dilmen, Istanbul
Emine Efe, Antalya
Yusuf Ergün, Kahramanmaras
Nermin K Girgin, Bursa
Ensari M Guneli, Izmir
Volkan Hanci, Izmir
Nurten Inan, Ankara
Cetin Kaymak, Ankara
Hakan Kulacoglu, Ankara
Oner Mentes, Ankara
Tufan Mert, Adana
Dilek Ozcengiz, Adana
Murat Ozgoren, Izmir
Nesrin B Ozyilkan, Adana
Ozlem Sagir, Balikesir
Mehmet A Taskaynatan, Ankara
Ahmet Ulugol, Edirne
Isin Unal-Cevik, Ankara
Gokhan Yagci, Ankara

United Arab Emirates
Ahmed A Shorrab, Sharjah

United Kingdom
Olu-muyiwa Bamgbade, Manchester
Andrea E Cavanna, Birmingham
Francis A Fatoye, Manchester
Alastair J Glossop, Sheffield
Anthony KP Jones, Salford
Sandeep Kapur, Dudley
Daqing Ma, London
Istvan Nagy, London
Faraz Shafiq, North Yorkshire 
Saowarat Snidvongs, London
Asquad Sultan, Kettering
Malcolm Woollard, West Midlands

United States
Claude Abdallah, Washington
Basem Abdelmalak, Cleveland
Salahadin Abdi, Houston
Matthew S Abrahams, Portland
Shamsuddin Akhtar, New Haven
Christian C Apfel, Louisville
Erman Aytac, Cleveland



IV February 28, 2016WJA|www.wjgnet.com

Alex Bekker, New York
Sergio D Bergese, Columbus
Lauren C Berkow, Baltimore
Alexandra S Bullough, Ann Arbor
Kenneth D Candido, Chicago
Arvind Chandrakantan, Stony Brook
Wei Chao, Baltimore
Jacques E Chelly, Pittsburgh
Jianguo Cheng, Cleveland
Constantinos Chrysostomou, Pittsburgh
Michael A Cucciare, Menlo Park
Rivat Cyril, Seattle
D John Doyle, Cleveland
Ayse Ozcan Edeer, Orangeburg
Lawrence J Epstein, New York
Kyota Fukazawa, Miami
Simon Gelman, Boston
Chris R Giordano, Gainesville
Allan Gottschalk, Baltimore
Thomas M Halaszynski, New Haven
Maged Hamza, Richmond
Philip M Hartigan, Boston
Philip E Hess, Boston
Ibtesam Hilmi, Pittsburgh
Janean E Holden, Ann Arbor
Jeffrey Huang, Winter Park
Billy K Huh, Durham

Corey W Hunter, New York
Samuel A Irefin, Cleveland
Piotr K Janicki, Hershey
Stephen Kishner, New Orleans
Helena Knotkova, New York
Matthew D Koff, Lebanon
Pei F Lim, Chapel Hill
Ching-Yi Lin, Cleveland
Hong Lium, Sacramento
Henry Liu, New Orleans
James F Mayhew, Oklahoma City
Craig D McClain, Boston
Donald D McGeary, San Antonio
Michael J Murray, Phoenix
Sri Nalamachu, Overland Park
Devi E Nampiaparampil, New York
Ashok Nimgade, Boston
Mehmet S Ozcan, Chicago
Hui-Lin Pan, Houston
Paul Park, Ann Arbor
John F Peppin, Lexington
Joseph V Pergolizzi, Naples
Raymond M Planinsic, Pittsburgh
Srinivas Pyati, Durham
Douglas E Raines, Boston
Jacob Raphael, Charlottesville
Arra S Reddy, Boston

Joseph G Reves, Charleston
Meg A Rosenblatt, New York
Xiulu Ruan, Mobile
Alfred Sacchetti, Camden
Luiz C Santos, Ithaca
Michael E Schatman, Middletown
Jan D Schmitto, Boston
Roman Schumann, Boston
Adrian Sculptoreanu, Seattle
Ashish C Sinha, Philadelphia
Chao Tai, Seattle
Douglas K Taylor, Atlanta
Mohamed Tiouririne, Charlottesville
Joseph D Tobias, Columbus
Chuanyao Tong, Winston-Salem
Alparslan Turan, Cleveland
Johannes van den Anker, Washington
Jacob M Vigil, Albuquerque
Cheng Wang, Jefferson
Hong Wu, Milwaukee
Zhongcong Xie, Boston
Fadi Xu, Albuquerque
Zhongjin Yang, Syracuse
Ruixin Zhang, Baltimore
Jun-Ming Zhang, Cincinnati
Wei Zhu, New York
Junya Zhu, Boston



 

          EDITORIAL
1	 Dexmedetomidine in gastrointestinal endoscopic procedures

Amornyotin S

          REVIEW
15	 Transcranial magnetic stimulation as a new tool to control pain perception

Onesti E, Gori MC, Frasca V, Inghilleri M

          MINIREVIEWS
28	 Insight into orthodontic appliance induced pain: Mechanism, duration and management

Kartal Y, Polat-Ozsoy O

          LETTERS TO THE EDITOR
36	 Improvised technique for measuring tracheal tube cuff pressure

Flores-Franco RA

World Journal of 
AnesthesiologyW J A

Contents Four-monthly  Volume 5  Number 1  March 27, 2016

IWJA|www.wjgnet.com March 27, 2016|Volume 5|Issue 1|

REVIEW



Contents
World Journal of Anesthesiology

Volume 5  Number 1  March 27, 2016

EDITORS FOR 
THIS ISSUE

Responsible Assistant Editor: Xiang Li   	               Responsible Science Editor: Fang-Fang Ji
Responsible Electronic Editor: Xiao-Kang Jiao	              Proofing Editorial Office Director: Xiu-Xia Song
Proofing Editor-in-Chief: Lian-Sheng Ma

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

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

PUBLICATION DATE
March 27, 2016

COPYRIGHT
© 2016 Baishideng Publishing Group Inc. Articles 
published by this Open-Access journal are distributed 
under the terms of  the Creative Commons Attribution 
Non-commercial License, which permits use, distribution, 
and reproduction in any medium, provided the original 
work is properly cited, the use is non commercial and is 
otherwise in compliance with the license.

SPECIAL STATEMENT 
All articles published in journals owned by the 
Baishideng Publishing Group (BPG) represent the 
views and opinions of  their authors, and not the 
views, opinions or policies of  the BPG, except where 
otherwise explicitly indicated.

INSTRUCTIONS TO AUTHORS
Full instructions are available online at http://www.
wjgnet.com/bpg/g_info_20160116143427.htm

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

IIWJA|www.wjgnet.com

ABOUT COVER

AIM AND SCOPE

FLYLEAF

March 27, 2016|Volume 5|Issue 1|

NAME OF JOURNAL 
World Journal of  Anesthesiology

ISSN
ISSN 2218-6182 (online)

LAUNCH DATE
December 27, 2011

FREQUENCY
Four-monthly

EDITOR-IN-CHIEF
Zhiyi Zuo, MD, PhD, Professor, Department of  
Anesthesiology, University of  Virginia, Charlottes-
ville, PO Box 800710, VA 22908, United States

EDITORIAL OFFICE
Jin-Lei Wang, Director
Xiu-Xia Song, Vice Director
World Journal of  Anesthesiology

Editorial Board Member of World Journal of Anesthesiology , Sebastian Straube, 

BM BCh, MA (Oxon), DPhil, Division Director (interim) and Associate Professor, 

Division of Preventive Medicine, Department of Medicine, University of Alberta, 

Edmonton T6G 2T4, Canada

World Journal of  Anesthesiology (World J Anesthesiol, WJA, online ISSN 2218-6182, DOI: 
10.5313) is a peer-reviewed open access academic journal that aims to guide clinical prac-
tice and improve diagnostic and therapeutic skills of  clinicians.

WJA covers topics concerning general anesthesia, local anesthesia, obstetric anesthesia, 
pediatric anesthesia, neurosurgical anesthesia, cardiovascular anesthesia, organ transplanta-
tion anesthesia, anesthesia complications, anesthesia monitoring, new techniques, quality 
control, airway management, volume therapy, pain diagnosis and treatment, and intensive 
care, as well as, evidence-based medicine, epidemiology and nursing. The current columns 
of  WJA include editorial, frontier, diagnostic advances, therapeutics advances, field of  
vision, mini-reviews, review, topic highlight, medical ethics, original articles, case report, 
clinical case conference (Clinicopathological conference), and autobiography. 

We encourage authors to submit their manuscripts to WJA. 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  Anesthesiology is currently no indexing/abstracting.

I-IV	 Editorial Board

Indexing/Abstracting



Dexmedetomidine in gastrointestinal endoscopic 
procedures

Somchai Amornyotin

Somchai Amornyotin, Department of Anesthesiology and Siriraj 
Gastrointestinal Endoscopy Center, Faculty of Medicine Siriraj 
Hospital, Mahidol University, Bangkok 10700, Thailand

Author contributions: Amornyotin S solely contributed to the 
manuscript.

Conflict-of-interest statement: None.

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: Somchai Amornyotin, Associate 
Professor of Department of Anesthesiology and Siriraj Gastroin
testinal Endoscopy Center, Faculty of Medicine Siriraj Hospital, 
Mahidol University, 2, Wanglang Rd., Siriraj, Bangkoknoi, 
Bangkok 10700, Thailand. somchai.amo@mahidol.ac.th
Telephone: +66-2-4197990
Fax: +66-2-4113256

Received: April 8, 2015
Peer-review started: April 9, 2015
First decision: September 2, 2015
Revised: November 14, 2015 
Accepted: December 4, 2015
Article in press: December 8, 2015
Published online: March 27, 2016

Abstract
Gastrointestinal endoscopy is the gold standard in 
the examination and the treatment of the diseases 
of gastrointestinal system, but the disadvantage of 
being painful process. At this point the sedative and 
analgesic agents may be important. Dexmedetomidine 
is a new sedoanalgesic agent which is alternative to 

benzodiazepines and opioids. It has analgesia, amnesia, 
sedative and anxiolytic properties. The use of dexmedeto
midine as the sole anesthetic agent and as the adjuvant 
analgesic agent has been published but has not been 
approved because of the inconsistency of efficacy and 
safety. The author has been collected the published 
papers in the literature. This article is aimed to describe 
the use of dexmedetomidine in various gastrointestinal 
endoscopic procedures. 

Key words: Complication; Safety; Dexmedetomidine; 
Gastrointestinal endoscopy; Sedation

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

Core tip: Dexmedetomidine has analgesic, amnesic, 
sedative and anxiolytic properties. Use of dexmedeto
midine as the sole anesthetic agent and as the adjuvant 
anesthetic agent in various gastrointestinal endosco
pic (GIE) procedures has been published. A distinct 
advantage of dexmedetomidine is the maintenance of 
respiratory force and preserved airway patency. These 
properties of dexmedetomidine have verified to be 
beneficial in high-risk patients. This article is aimed to 
explain the clinical use of dexmedetomidine for GIE 
procedures of the published papers in the literature.

Amornyotin S. Dexmedetomidine in gastrointestinal endoscopic 
procedures. World J Anesthesiol 2016; 5(1): 1-14  Available from: 
URL: http://www.wjgnet.com/2218-6182/full/v5/i1/1.htm  DOI: 
http://dx.doi.org/10.5313/wja.v5.i1.1

INTRODUCTION
Dexmedetomidine is an alpha-2 adrenergic receptor 
agonist and has an eight times higher than clonidine for 
alpha-2 adrenergic receptors. It has sedative, anxiolytic 
and analgesic properties that produce cardiorespiratory 
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stability at the therapeutic doses. The use of dexmedeto
midine may be expanded as an intravenous drug in the 
medical procedures[1,2]. Dexmedetomidine is approved 
by the United States Food and Drug Administration 
for short-term sedation (< 24 h) in adult patients in 
the intensive care unit (ICU). It also has been used 
in combination with other sedoanalgesic drugs during 
painful procedures. Several reports in the literature 
have been confirmed about its effective use in various 
gastrointestinal endoscopic (GIE) procedures, although 
further controlled studies are needed to reinforce its 
use. This review is aimed to define the role of dexme­
detomidine in GIE procedures.

PHARMACOLOGY OF 
DEXMEDETOMIDINE 
The alpha-2 adrenergic receptors are principally 
postsynaptic receptors distributed in multiple areas[3]. 
Sedative and anxiolytic properties are utilized throug
hout alpha-2 adrenergic receptors in the locus ceruleus 
of pons. The analgesic effects are employed across 
the stimulation of alpha-2 adrenergic receptors in the 
dorsal horn of spinal cord. Dexmedetomidine is an 
alpha-2 adrenergic receptor and has an eight times 
higher than clonidine for alpha-2 receptors[4]. Its 
distribution half-life is 6 min in adults over a dose range 
of 0.2-0.7 mcg/kg per hour intravenous infusion[5]. 
Dexmedetomidine is rapidly distributed and has an 
elimination half-life of 2 h. In addition, dexmedetomidine 
undergoes biotransformation by cytochrome P-450 
and glucoronidation. Its clearance remains unaltered 
in severe renal impairment. However, the clearance 
decreased up to 32% in severe hepatic dysfunction. Its 
metabolites are excreted in urine (95%) and in feces 
(4%).

Moreover, the activation of postsynaptic alpha-2 
receptors leads to sympatholysis and results in hypoten
sion and bradycardia. These effects of dexmedetomi
dine on arterial blood pressure are biphasic with an 
initial transient rise with a reflex fall in heart rate. 
This is accompanied by the reduction of arterial blood 
pressure and heart rate due to inhibition of central 
sympathetic outflow and stimulation of presynaptic 
alpha-2 receptors cause decreased release of nor-
adrenaline leading to further fall in the blood pressure[6]. 
However, these hemodynamic profiles return to the 
baseline fifteen minutes later. Dexmedetomidine should 
be contraindicated in the patients with cardiovascular 
compromise, severe hypovolemia and atrioventricular 
nodal block.

Dexmedetomidine does not have any depressant 
effects on respiratory function even at higher doses with 
no impairment of ventilation or gas exchange[7]. The 
ventilatory response to hypercapnia was not affected 
at a dose that created a negative response to strong 
stimulation. Dexmedetomidine converges on a natural 
sleep pathway, activating pathways that promote 

endogenous non-rapid eye movement sleep to exert its 
sedative effect[3]. Dexmedetomidine creates a reduction 
in cerebral metabolic demand of oxygen and cerebral 
blood flow with a slight reduction in intracranial pressure. 
Its neuroprotective effect is not well known[8]. It seems 
to employ analgesic effects at the spinal cord level 
and at the supraspinal sites[9]. However, the analgesic 
properties of dexmedetomidine are still controversial.

DEXMEDETOMIDINE IN 
GASTROINTESTINAL ENDOSCOPY
Generally, propofol alone or in combination with 
midazolam and/or fentanyl is one of the most widely 
used regimens for sedation during the GIE proced
ures[10-12]. However, the combination use of sedatives 
and/or analgesics with propofol may produce some 
additional risks. Dexmedetomidine offers a sedation 
level that facilitates natural sleep and communication 
and also decreases analgesic requirements. The use of 
dexmedetomidine for sedation during GIE interventions 
remains to be established. Importantly, the use of 
dexmedetomidine for sedation in GIE procedures gives 
more respiratory safety and hemodynamic stability.

Hasanin and Sira[13] evaluated the sedative, hem
odynamic, respiratory and adverse effects of dexme
detomidine and propofol during GIE procedures in 
the pediatric patients. Eighty pediatric patients with 
ASA Ⅰ, Ⅱ aged 1-14 years were randomized into 
dexmedetomidine group or propofol group. Sedation 
was achieved with propofol 2 mg/kg bolus then infused 
at a rate of 100 mcg/kg per minute or dexmedetomidine 
2.5 mcg/kg over 10 min then infused at a rate of 2 mcg/kg 
per hour to attain a Ramsay sedation scale (RSS) P5. 
The HR, MAP, RR and SpO2 were continuously monitored 
and analyzed. Times of induction, procedure, recovery, 
and adverse effects were also reported. The HR values 
were significantly lower in the dexmedetomidine group 
at induction, after insertion of endoscope, and during the 
procedure. There were no significant differences in MAP, 
RR and SpO2 values at all time points between the two 
groups. Induction and recovery times were significantly 
longer in the dexmedetomidine group. No cases in the 
dexmedetomidine group presented oxygen desaturation 
vs six patients (15%) in the propofol group (P = 0.026). 
This study confirmed that dexmedetomidine sedation 
in GIE procedures was safe and efficacy as well as also 
provided cardiorespiratory stability[13].

Vetsa et al[14] reported a retrospective study of dex
medetomidine used for GIE procedures in three years. 
They aimed to evaluate the procedure completion and 
adverse event rates. A total of 129 procedures with 
dexmedetomidine were analyzed. Of these, 29% had 
failed, and 69% had expected difficult sedation or 
prolonged procedure, and 70% required narcotics during 
the procedure. Dexmedetomidine was administered 
intravenously at a bolus of 1 mcg/kg in 5 min and was 
maintained at the variable rates. Additionally, midazolam 
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and meperidine or fentanyl was also administered. 
The result showed the procedure completion rate was 
94%. Higher dexmedetomidine maintenance rate was 
observed in the successfully completed cases. The most 
common adverse event was hypotension (37%). The 
interventions for adverse events were required in 86%. 
All these adverse events were readily managed without 
significant morbidity. The authors concluded that the 
use of dexmedetomidine with standard sedative drugs 
for GIE procedures was related with excellent procedure 
completion rate in the difficult to sedate procedures. 
However, the prolonged recovery period and increased 
adverse events were also observed[14].

However, many anesthetic agents including dexme
detomidine reduce the lower esophageal sphincter 
pressure (LESP). The reduction of LESP and the gas
troesophageal pressure gradient (GEPG) stimulates 
gastroesophageal reflux and can cause to aspiration 
pneumonia. Turan and coworkers compared the effects 
of dexmedetomidine and propofol on LESP and GEPG in 
the eleven healthy volunteers. The results demonstrated 
that no significant differences in LESP and GEPG were 
observed. They concluded that both dexmedetomidine 
and propofol had comparable effects on LESP and 
GEPG. Although both sedative drugs caused some decre
ase in LESP at high concentrations, it did not create 
gastroesophageal reflux during the sedation[15].

ESOPHAGOGASTRODUODENOSCOPY 
Esophagogastroduodenoscopy (EGD) is an endoscopic 
procedure for diagnosis and treatment of upper gastroi
ntestinal tract problems. Generally, topical pharyngeal 
anesthesia is safe for the use as premedication for 
unsedated EGD procedure. Consequently, the unsedated 
EGD procedure is also well accepted[16]. However, this 
procedure causes the patient discomfort and anxiety. 
The sedative drugs are used to relieve these symptoms 
and improve the endoscopic outcome. 

Recently, a randomized, controlled study is conducted 
to evaluate the effect of dexmedetomidine and propofol 
on sedation for EGD procedure in outpatient cases. This 
study confirmed that dexmedetomidine and propofol 
offered an acceptable level of sedation without serious 
adverse effects during EGD procedure. The patients in 
the dexmedetomidine group demonstrated minimal 
respiratory-related adverse effects. More patients in the 
propofol group experienced a deeper level of sedation 
depth at the start of the procedure[17].

Wu et al[18] assessed the efficacy and safety of dex­
medetomidine and midazolam for conscious sedation in 
patients with ASA physical status Ⅰ-Ⅱ who underwent 
elective EGD procedures. The results of the study 
demonstrated that patients in the dexmedetomidine 
group had significantly higher oxygen saturation and 
overall satisfaction than patients in the midazolam 
group. Additionally, the patients in the midazolam 
group experienced a significant decrease in the mean 
arterial blood pressure during sedation compared with 

the baseline values. However, no clinically significant 
complications between the two groups were noted. The 
authors concluded that dexmedetomidine had a good 
safety property and was an effective sedation drug for 
EGD procedure[18].

A randomized controlled study compared the 
efficacy and safety of dexmedetomidine and midazolam 
in EGD procedure. The result of the study confirmed 
that dexmedetomidine was suitable for endoscopic 
procedures of upper gastrointestinal tract. Furthermore, 
dexmedetomidine offered shorter recovery time and 
better patient’s satisfaction[19]. The study of Hashiguchi 
et al[20] also demonstrated that dexmedetomidine for 
sedation during EGD procedure was as effective and 
safe as midazolam. 

Recently, Samson et al[21] evaluated and compared 
the sedation efficacy and hemodynamic effects of 
midazolam and propofol and dexmedetomidine in the 
patients underwent elective diagnostic EGD procedure. 
The 90 patients with ASA physical status Ⅰ or Ⅱ were 
randomized into three groups; Group Ⅰ received midaz
olam infusion, Group Ⅱ received propofol infusion and 
Group Ⅲ received dexmedetomidine infusion. The study 
demonstrated that endoscopist satisfaction and recovery 
in the dexmedetomidine group was significantly better 
than in the midazolam and propofol groups. In addition, 
mean arterial blood pressure in the propofol group was 
significantly lesser than in the dexmedetomidine and 
midazolam groups[21].

The safety and efficacy of dexmedetomidine for 
sedation in EGD procedure is confirmed. A prospective, 
randomized study investigated and compared the 
safety and efficacy of dexmedetomidine and midazolam 
for sedation in EGD procedure. A total of 50 adult 
patients with ASA physical status classification Ⅰ and 
Ⅱ were included. A brief questionnaire was performed 
to accumulate the demographic data, anxiety score, 
satisfaction and expected discomfort. Mean arterial 
blood pressure, heart rate, respiratory rate and oxygen 
saturation during and after the procedure were measured 
continuously and recorded every minute. Low levels of 
procedural discomfort and anxiety scores as well as high 
satisfaction levels were observed in these two groups. 
However, the endoscopist satisfaction was significant 
higher in the patients receiving dexmedetomidine. In 
addition, the adverse event rate in the midazolam group 
was higher than in the dexmedetomidine group. The 
study confirmed that dexmedetomidine was better than 
midazolam in term of retching, rate of adverse events 
and endoscopist satisfaction for sedation the patients for 
EGD procedures[22].

Jiang et al[23] studied the sedative effect and 
hemodynamic influence of dexmedetomidine on the 
patients undergoing EGD procedure. Forty patients 
were randomly assigned into two groups. In the control 
group (C), a single dose of 2.5 mg/kg propofol was 
infused. In the dexmedetomidine group (D), 0.8 mcg/kg 
of dexmedetomidine was infused slowly (longer than 10 
min) before propofol application. The MAP, HR, SpO2, 
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using continuous propofol infusion. The result showed 
transient hypoxemic events occurred in two patients 
during the EGD procedure. Additionally, transient 
hypotension was experienced in three patients during 
the procedure and three patients in the post-anesthesia 
care unit. After discharge, 16 patients complained of 
drowsiness, two patients informed dysphoric symptoms 
and one patient reported of dry mouth. The study 
concluded that the combination of dexmedetomidine 
and propofol could offer acceptable anesthesia for EGD 
procedure in the patients with OSA. This combination 
method provided a substitute to tracheal intubation in 
these high risk patients[27].

Atkins et al[28] presented a patient with previously 
undiagnosed extensive tracheomalacia who suffered 
airway obstruction during an elective EGD under 
anesthesia. In the second anesthesia, the authors used 
1.5 mcg/kg of dexmedetomidine over 15 min then 
continuous infusion at a rate of 0.7 mcg/kg per hour 
and an iv bolus of 0.5 mg/kg of ketamine followed by 
infusion at a rate of 1 mcg/kg per minute. The patient 
was nonresponsive to the endoscope insertion and 
preserved normal airway tone with no episodes of 
any respiratory depression. This case demonstrated 
the potential advantages of the combination use of 
dexmedetomidine and ketamine for sedation the 
patients with achalasia underwent EGD procedure[28].

Another case report of a nine-year-old, 45 kg child 
with Duchenne muscular dystrophy underwent EGD pro
cedure by using dexmedetomidine was presented. The 
patient had a history of egg allergy, and the potential 
risk of malignant hyperthermia. The combination use 
of dexmedetomidine and ketamine was utilized for 
procedural sedation. In this case, a bolus dose of 1 
mcg/kg of dexmedetomidine and a single dose of 1 
mg/kg of ketamine was given and was maintained by 
dexmedetomidine continuous infusion at a rate of 0.5 
mcg/kg per hour. This case report established that this 
combination regimen used for EGD procedure was 
successfully completed and the patient accepted the 
procedure[29].

Additionally, intranasal dexmedetomidine can be 
used for the endoscopic procedure. Han et al[30] com
pared the cardiorespiratory profiles between intranasal 
and intravenous dexmedetomidine administered 10 min 
before induction for the EGD procedure. A dose of 1.5-2 
mg/kg of propofol was given for induction. The Mean 
arterial blood pressure, heart rate, respiratory rate, 
and oxygen saturation were monitored. The authors 
concluded that intranasal dexmedetomidine was an 
effective and safe method alternative to intravenous 
dexmedetomidine for EGD procedure[30].

Cheung et al[31] assessed the efficacy of intranasal 
dexmedetomidine combined with patient-controlled 
sedation (PCS) for EGD procedure. Intranasal dex
medetomidine 1.5 mcg/kg or intranasal saline was 
administered 1 h before the procedure. PCS with 
propofol and alfentanil was given for rescue sedation. 
The total requirement of PCS propofol and alfentanil 

OAA/S, and Ramsay sedation score were recorded 
at four different time points, before infusion (T0), 
at beginning of operation (T1), when an endoscope 
entered the stomach (T2), after the operation was 
finished (T3). The total dosage of propofol, induction 
time and arousing time were also observed. The results 
showed the Ramsay sedation scores at T1, T2 and T3 of 
group D are statistically higher than group C and the T0 
group. In addition, group D also showed the low HR and 
MAP of the three time points, shorter induction times 
and arousing times as well as less propofol dosage 
than group C. No patients showed signs of respiratory 
suppression. They suggested that the use of 0.8 mcg/kg 
of dexmedetomidine at periprocedural period of the 
EGD procedure could yield marked sedative effect, 
had antihypertensive effect and did not suppress 
respiration[23].

Moreover, dexmedetomidine can use with the com
bination of other sedoanalgesic drugs. The case series of 
the combination use of dexmedetomidine and ketamine 
for EGD procedures were studied in 46 children aged 
2-12 years. Dexmedetomidine 1 mcg/kg and ketamine 
2 mg/kg were administered over 5 min. The alteration 
of mean arterial blood pressure, heart rate, and oxygen 
saturation was not significantly different from the 
baseline. In addition, no airway interventions were 
needed. The results of this case series showed that the 
combination of dexmedetomidine and ketamine not 
only promised to be clinically effective but also safe for 
EGD procedure in the pediatric patients[24]. However, the 
combination dexmedetomidine and ketamine provided 
longer sedation times and deeper sedation level when 
compared to the combination etomidate and fentanyl[25] 
(Table 1).

Generally, propofol has been used in combination 
with dexmedetomidine to offer sedation/anesthesia. 
The pharmacodynamic profile of this combination 
regimen in 24 children aged 3-10 years underwent EGD 
procedure was investigated[26]. The plasma propofol 
concentration at which 50% of the patients presen
ted minimal response to stimuli was evaluated. The 
result demonstrated that propofol in the combination 
with dexmedetomidine was no significant shift in the 
propofol concentration-response curve. The authors 
accomplished that a concurrent infusion of dexmedeto
midine in a dose of 1 mcg/kg did not affect the propofol 
requirement[26].

Sedation in the patients with obstructive sleep 
apnea (OSA) is very challenge. Dexmedetomidine 
offers sedation with minimal respiratory depression 
which is a desirable characteristic in the patients with 
OSA. An observational study assessed the safety and 
efficacy of dexmedetomidine/propofol anesthesia for 
the patients with OSA without endotracheal intubation 
during EGD procedure[27]. Twenty patients with high 
probability of OSA undergoing EGD procedure were 
enrolled in the study. Dexmedetomidine 1 mcg/kg bolus 
was administered over 10 min followed by propofol 
boluses. After that, the anesthesia was maintained by 
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Ref. Type of 
endoscopy

No. of 
patients

DEX group Non-DEX group Summary of findings

Wu et al[17] EGD 70 DEX 1 mcg/kg followed by 0.5 
mcg/kg per hour infusion iv, FEN 

1 mcg/kg iv

PRO 0.6 mg/kg and on demand 
bolus 10-20 mg iv

DEX showed minimal adverse 
effects on respiratory function. More 

patients in PRO created deeper 
sedation at start

Cheung et al[31] EGD 50 DEX 1.5 mcg/kg in, PCS with PRO 
and Alfentanil  

Normal saline in, PCS with 
PRO and Alfentanil 

DEX i.n. with PCS PRO and alfentanil 
presented deeper sedation with 

significantly fewer use of additional 
sedative agents during EGD

1EL-Shmaa et al[25] EGD 100 DEX 1 mcg/kg followed by 0.5-1 
mcg/kg per hour infusion iv, KET 
1 mg/kg and on demand bolus 0.5 

mg/kg iv

ETO 0.15 mg/kg followed by 
0.01-0.03 mg/kg per minute 
infusion iv, FEN 1 mcg/kg iv

ETO/FEN combination provides 
shorter sedation times and lighter 
sedation level compared to DEX/

KET combination
Wu et al[18] EGD 60 DEX 0.3 mcg/kg followed by 

0.2-0.3 mcg/kg per hour infusion 
iv, FEN 1 mcg/kg iv

MDZ 0.05 mg/kg iv, FEN 1 
mcg/kg iv

DEX had a good safety profile and 
was an effective sedation for EGD 

procedure
1Koksal et al[32] EGD 80 DEX 0.5 mcg/kg followed by 0.2 

mcg/kg per hour infusion iv, KET 
1 mg/kg iv

REM 0.5 mcg/kg followed by 
0.1 mcg/kg per minute infusion 

iv, KET 1 mg/kg iv

REM/KET combination provides 
faster, more sedoanalgesia and rapid 
recovery compared with DEX/KET 

combination
Hashiguchi et al[20] EGD 40 Group D: DEX 6 mcg/kg followed 

by 0.6 mcg/kg per hour infusion 
iv, Butylscopolamine 20 mg im, 

Lidocaine viscous 5 mL gurgling

Group M: MDZ 0.05 mg/kg 
iv, Butylscopolamine 20 mg 
im, Lidocaine viscous 5 mL 

gurgling; Group L: Lidocaine 
viscous 5 mL gurgling

DEX is as safe and effective as MDZ. 
DEX significantly reduces blood 

pressure and heart rate

Saleh et al[56] Esophageal 
dilatation

60 Group D: DEX 2 mcg/kg followed 
by 0.4 mcg/kg per hour infusion 

iv, MDZ 0.05 mg/kg iv

Group P: PRO 1 mg/kg followed 
by 5 mg/kg per hour infusion iv; 
Group K: KET 2 mg/kg and on 
demand 0.5 mg/kg iv, Atropine 

0.02 mg iv

DEX-MDZ combination and KET 
had more stable cardiorespiratory 

profiles, with adequate 
postprocedural analgesia

Ayazoglu et al[37] Colonoscopy 121 DEX 0.2 mcg/kg iv, PRO 0.5-3 
mg/kg per hour infusion iv

Group 1: SUF 0.1 mcg/kg in, 
PRO 0.5-3 mg/kg per hour 

infusion iv; Group 2: MEP 0.4 
mg/kg iv, PRO 1 mg/kg bolus 
followed by 0.5-3 mg/kg per 

hour infusion iv; Group 3: MEP 
0.4 mg/kg iv, MDZ 0.03 mg/kg 
iv, PRO 0.5-3 mg/kg per hour 

infusion iv

Sedation for colonoscopy can be 
safely and effectively utilized with 
low doses of PRO combined with 
DEX, in SUF, iv MEP and iv MEP 

with MDZ

Techanivate et al[36] Colonoscopy 70 DEX 1 mcg/kg iv, FEN 0.5 mcg/kg 
iv, PRO 20 mg and on demand 20 

mg iv

FEN 0.5 mcg/kg iv, 
PRO 1 mg/kg and on demand 

20 mg iv

DEX for sedation in colonoscopy 
reduced hypotension incidence than 

PRO
Dere et al[34] Colonoscopy 60 DEX 1 mcg/kg followed by 0.5 

mcg/kg per hour infusion iv, FEN 
1 mcg/kg iv

MDZ 0.05 mg/kg iv, FEN 1 
mcg/kg iv

DEX provided more hemodynamic 
stability, higher sedation scores, 

higher satisfaction scores and lower 
pain scores

Abdalla et al[43] ERCP 60 DEX 1 mcg/kg followed by 0.5 
mcg/kg per hour infusion iv, PRO 
5 mg/kg per hour and on demand 

bolus 0.5 mg/kg iv

KET 1 mg/kg followed by 0.5 
mg/kg per hour infusion iv, 

PRO 5 mg/kg per hour and on 
demand bolus 0.5 mg/kg iv

DEX-PRO during ERCP showed 
better hemodynamic stability, 

less nausea/vomiting and shorter 
recovery time when compared with 

KET-PRO combination
1Ramkiran et al[54] ERCP 72 DEX 1 mcg/kg followed by 0.5 

mcg/kg per hour infusion iv, 
MDZ 0.05 mg/kg iv, Hyoscine 0.3 
mg/kg iv, PRO 0.5-1.5 mg/kg and 

on demand bolus 20 mg iv

Group K: KET 0.25 mg/kg 
followed by 5 mcg/kg per 

minute infusion iv, MDZ 0.05 
mg/kg iv, Hyoscine 0.3 mg/kg 
iv, PRO 0.5-1.5 mg/kg and on 

demand bolus 20 mg iv; Group 
C: normal saline iv, MDZ 0.05 

mg/kg iv, Hyoscine 0.3 mg/kg 
iv, PRO 0.5-1.5 mg/kg and on 

demand bolus 20 mg iv

Low dose KET with PRO boluses 
resulted in lesser PRO consumption, 
with earlier recovery and favorable 
hemodynamics compared with DEX 

in outpatient ERCP

Mukhopadhyay et 
al[46]

ERCP 45 DEX 1 mcg/kg followed by 0.5 
mcg/kg per hour infusion iv, MDZ 
0.5 mg/kg iv, Pentazocine 6 mg iv, 
KET 25 mg iv, PRO 0.75-1 mg/kg 
and on demand bolus 10-20 mg iv

Group 1: MDZ 1 mg/kg iv, PRO 
0.75-1 mg/kg and on demand 

bolus 10-20 mg iv; Group 2: 
MDZ 0.5 mg/kg iv, Pentazocine 

6 mg iv, KET 25 mg iv, PRO 
0.75-1 mg/kg and on demand 

bolus 10-20 mg iv

DEX increased efficacy and safety of 
sedate-analgesic cocktail. It reduces 
PRO requirement, more stable level 
of sedation and increases anesthetist 

satisfaction

Table 1  The use of dexmedetomidine in a combination technique for gastrointestinal endoscopic procedures
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in the dexmedetomidine group was significantly lesser 
than in the saline group. There were no significant 
differences in recovery phase, adverse events and 
satisfaction between the two groups. The authors 
concluded that intranasal dexmedetomidine with pro
pofol and alfentanil for PCS presented deeper sedation 
with significantly fewer use of supplementary sedative 
agents during the EGD procedure[31].

Recently, Koksal et al[32] compared the effects of 
adding dexmedetomidine to ketamine on the safety and 
efficacy of anesthesia for EGD procedures. They used 
a loading dose of 0.5 mcg/kg of dexmedetomidine, 
followed by a continuous infusion of 0.2 mcg/kg per 
minute and a bolus dose of 1 mg/kg of ketamine 
compared with a loading dose of 0.5 mcg/kg of re
mifentanil, followed by a continuous infusion of 0.1 
mcg/kg per minute and a bolus dose of 1 mg/kg of 
ketamine. Additionally, a bolus dose of 0.5-1 mg/kg 
of propofol was supplemented if inadequate sedation 
occurred. The authors concluded that a combination 
use of dexmedetomidine and ketamine offered lesser 
efficacy and relatively longer recovery phase than 
the combination of remifentanil and ketamine[32]. This 
negative result of a combination of dexmedetomidine 
and ketamine could be due to relatively small dose of 
dexmedetomidine (Table 1). 

COLONOSCOPY 
Colonoscopy is the gold standard in the examination and 
the treatment of the disease of lower gastrointestinal 
tract. The ideal sedative agent for this procedure should 
permit a rapid adjustment of the sedation level and 
should not have any side effects[33]. Currently, several 
studies of the use of dexmedetomidine for colonoscopy 
are published. A previous study compared the effects 
of dexmedetomidine and midazolam on hemodynamic 
parameters, efficacy of sedation, satisfaction and re
covery scores during colonoscopy. This study confirmed 
that dexmedetomidine offered more hemodynamic 
stability, lower pain scores as well as higher sedation 
and satisfaction scores in colonoscopic procedure[34].

Sula et al[35] evaluated the efficacy and side effects 
of dexmedetomidine and propofol. They prospectively 
studied 231 patients with ASA class Ⅰ-Ⅲ underwent 
colonoscopy. Sedation was accomplished with propofol 

1.5 mg/kg and on demand bolus dose of 0.4-0.5 mg/kg 
(group P) and with dexmedetomidine 1 mcg/kg (group 
D). Arterial blood pressure, heart rate, respiratory 
rate, oxygen saturation values as well as the patients’ 
satisfaction and the endoscopists’ satisfaction were 
compared. A decline in the systolic blood pressure 
occurred in 29 patients (12.5%), 17 patients (58.6%) in 
the group D and 12 patients (41.4%) in group P. Eleven 
patients (4.7%) in group P and one patient in group D 
had a decline in oxygen saturation. All these adverse 
effects were not clinically significant, and without 
serious effects. No severe bradycardia was noted. The 
satisfaction scores in both groups were comparable. The 
authors suggested that both regimens were safe and 
effective for sedation during colonoscopic procedure. 
The use of propofol initiated more desaturation, while 
the use of dexmedetomidine caused more hypoten
sion[35].

Another study of the hemodynamic parameters 
of dexmedetomidine for sedation in colonoscopy was 
presented. Seventy patients with ASA physical sta
tus Ⅰ-Ⅲ were randomized into two groups. In group 
P, the patients were received 0.5 mcg/kg of fentanyl 
over 5 min, and maintained by 1 mg/kg of propofol. 
In group D, the patients were received 1 mcg/kg of 
dexmedetomidine with 0.5 mcg/kg of fentanyl over 
5 min, followed by 20 mg of propofol. The 20 mg 
propofol was titrated as required to achieve the target 
bispectral index (BIS) and sedation score. The results 
showed that the incidence of hypotension in group P 
was significantly higher than in group D. Heart rate in 
group P was greater than group D at 10th minute and 
from 25th minute throughout the period of colonoscopy. 
There were no significant differences in the induction 
time, incidence of bradycardia, patient satisfaction and 
postprocedural complications between the two groups. 
Additionally, the patients in group D recovered from 
sedation more quickly than in group P[36].

Several sedation regimens are administered during 
colonoscopy. To date, the propofol-based sedation regim
ens are commonly used. The safety, efficacy and patient 
satisfaction of propofol combined with dexmedetomi
dine for conscious sedation in the colonoscopy were 
evaluated by Ayazoğlu et al[37]. The patients in the 
dexmedetomidine combination with propofol group 
accomplished a greater degree of sedation and a rapid 
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Sethi et al[42] ERCP 60 DEX 1 mcg/kg followed by 0.5 
mcg/kg per hour infusion iv, FEN 

1 mcg/kg iv

MDZ 0.04 mg/kg and on 
demand bolus 0.5 mg iv, FEN 1 

mcg/kg iv

DEX could be a superior alternative 
drug to MDZ for conscious sedation 

in ERCP
1Mazanikov et al[53] ERCP 50 DEX 1 mcg/kg followed by 0.7 

mcg/kg per hour infusion iv, PCS 
with PRO and Alfentanil

Group P: Normal saline, PCS 
with PRO and Alfentanil

DEX alone was insufficient in 
alcoholics. PCS with PRO and 

Alfentanil could be recommended
1Nagaraj et al[51] ERCP 70 DEX 1 mcg/kg followed by 0.5 

mcg/kg per hour infusion iv, FEN 
1 mcg/kg iv

PRO 0.5 mg/kg followed by 
2 mg/kg per hour infusion iv, 

FEN 1 mcg/kg iv

PRO/FEN combination provided 
better overall conditions when 

compared to DEX/FEN combination

1Negative result of dexmedetomidine. EGD: Esophagogastroduodenoscopy; ERCP: Endoscopic retrograde cholangiopancreatography; DEX: 
Dexmedetomidine; MDZ: Midazolam; PRO: Propofol; FEN: Fentanyl; MEP; Meperidine; REM: Remifentanil; ETO: Etomidate; KET: Ketamine; SUF: 
Sufentanil; PCS: Patient controlled sedation.
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recovery activity when compared with the meperidine, 
sufentanil and midazolam in combination with propofol 
groups. The authors recommended that sedation for 
colonoscopy could be effectively and safely done with 
propofol combined with dexmedetomidine and other 
sedoanalgesic drugs[37].

However, the sole use of dexmedetomidine has 
inadequate utility for sedation during outpatient 
colonoscopy. For example, the study of Jalowiecki 
et al[38] showed that dexmedetomidine sedation for 
colonoscopic procedure was incomplete because of 
its adverse effects including prolonged recovery and 
hemodynamic instability. The authors evaluated the 
capability of dexmedetomidine sedation for 64 patients 
underwent outpatient colonoscopic procedures. In group 
D, patients received 1 mcg/kg of dexmedetomidine over 
15 min and maintained by an infusion of 0.2 mcg/kg per 
hour. Group P received 1 mg/kg of meperidine and 0.05 
mg/kg of midazolam. Group F, patients received 0.1-0.2 
mg of fentanyl iv on demand. The study was terminated 
because of adverse effects in group D. There was a 
significantly greater reduction in heart rate and arterial 
blood pressure in group D. In group D, additional 
fentanyl was needed in 47% of patients compared 
with 42.8% and 79.2% of patients in group P and F, 
respectively. Nausea/vomiting, vertigo and ventricular 
arrhythmia were noted only in group D. In addition, 
group D had the longest time to home readiness[38]. This 
limited utility of dexmedetomidine for sedation during 
outpatient colonoscopy might be due to a relatively low 
dose during the procedure and inadequate analgesia 
(Table 2).

ENDOSCOPIC RETROGRADE 
CHOLANGIOPANCREATOGRAPHY 
Endoscopic retrograde cholangiopancreatography 
(ERCP) is a routinely carried out diagnostic and/or 
therapeutic procedure of many pancreatic and biliary 
diseases. It is a distressing procedure in awaked 
patients. These patients require sedation/anesthesia 
mainly to minimize their anxiety and analgesics to 
lessen pain and discomfort thereby enhancing patient’s 
cooperation throughout the procedure[39].

Kilic et al[40] presented the use of dexmedetomidine 
for sedation during ERCP procedure. The efficacy, hemo­
dynamic parameters and adverse effects were compared 
between dexmedetomidine and midazolam[40]. Fifty 
patients aged 18-80 years were randomized into two 
groups. Group M, patients received a bolus infusion 
of 0.04 mg/kg of midazolam, and followed by a sup
plementary dose of 0.5 mg midazolam. Group D, 
patients received a bolus infusion of 1 mcg/kg per hour 
of dexmedetomidine over 10 min, and maintained 
by a continuous infusion of 0.2-0.7 mcg/kg per hour. 
All patients were sedated to target a Ramsay scale of 
3-4. Heart rate in group D was significantly lesser than 
group M. In addition, the dexmedetomidine group also 

showed higher endoscopist satisfaction scores[40]. 
Furthermore, Ceylan et al[41] evaluated the effects 

of propofol and dexmedetomidine hemodynamics, 
adverse effects, cognitive functions, and satisfaction 
during ERCP procedure. The fifty patients with ASA 
physical status class Ⅰ and Ⅱ were randomized into 
the two groups. Group P received propofol 75 mcg/kg 
per hour iv over 10 min, and followed by an infusion 
of 12.5-100.0 mcg/kg per minute. Group D received 
dexmedetomidine 1 mcg/kg per hour over 10 min, 
and maintained by an infusion of 0.2-0.7 mcg/kg per 
hour. All patients were sedated to attain a RSS of 3-4. 
The mental status examination before and after the 
procedure as well as pain was evaluated. The blood 
pressure and heart rate values in group D were signifi­
cantly lesser than in group P. However, there were 
no significant differences in patient and endoscopist 
satisfaction among the two groups[41].

Dexmedetomidine has been tried for various 
endoscopic procedures, and the evidence occurs to 
recommend its use for ERCP procedure. A randomized 
controlled study was planned to evaluate the hemo
dynamic and the recovery profiles of dexmedetomidine 
and midazolam. It was also to assess the grade of 
comfort and the procedural performance. All patients 
received 1 mcg/kg of fentanyl at the start of ERCP. 
Group M received a bolus dose of 0.04 mg/kg of 
midazolam and supplementary 0.5 mg doses. Group 
D received a bolus dose of 1 mcg/kg of dexmedetomi
dine at over 10 min and maintained by a continuous 
infusion of 0.5 mcg/kg per hour. The targeted depth of 
sedation was a RSS score 3-4. The heart rate, blood 
pressure, respiratory rate, oxygen saturation, the time 
to accomplish the targeted depth of sedation and pain 
score were evaluated and compared during and after 
the ERCP procedure. Heart rate and pain scores in group 
D were significantly lower than in group M. There were 
no significant differences in mean blood pressure and 
respiratory rate. The modified Aldrete score of 9-10 at 5 
min during recovery was achieved in 27 (90%) patients 
in group D in contrast to 5 (17%) patients in group M (P 
< 0.05). Dexmedetomidine also showed higher patient 
and endoscopist satisfaction scores (P < 0.05)[42].

The efficacy of dexmedetomidine for anesthesia 
in ERCP procedure was evaluated by Abdalla et al[43]. 
Sixty patients with ASA physical status class Ⅱ or Ⅲ 
underwent ERCP procedures were randomly assigned 
into two groups. Group D, patients received a bolus 
dose of dexmedetomidine 1 mcg/kg and maintained 
by 0.5 mcg/kg per hour. Group K, patients received 
a loading dose of ketamine 1 mg/kg and followed by 
0.5 mg/kg per hour. Propofol was used for induction of 
anesthesia and atracurium was utilized for endotracheal 
intubation. After that, anesthesia was maintained by 
continuous infusion of propofol. The combination of 
dexmedetomidine and propofol during ERCP procedure 
showed better hemodynamic stability, less nausea 
and vomiting, as well as shorter recovery time when 
compared with the combination of ketamine and 
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propofol[43].
Moreover, Han-wei et al[44] observed the safety and 

feasibility of dexmedetomidine and fentanyl for con
scious sedation in the ERCP procedure. Sixty patients 
of ASA class Ⅰ-Ⅱ who planned to receive ERCP were 
allocated into dexmedetomidine group and propofol 
group. The patients in the two groups were treated with 
anisodamine 10.0 mg and fentanyl 1.0 mcg/kg before 
ERCP. The patients in dexmedetomidine group were 
treated with dexmedetomidine 0.5 mcg/kg by injection 

within 15 min, then the dexmedetomidine was infused 
continuously at the rate of 0.5-1.0 mcg/kg per hour 
to the end of operation. Patients in the propofol group 
were treated with propofol 1.0 mg/kg in 2 min, and 
followed by continuous infusion of 4.0-6.0 mg/kg per 
hour to the end of operation. Arterial blood pressure, 
heart rate and oxygen saturation were noted at the 
time points of before anesthesia (T0), before inserting 
endoscope (T1), while inserting endoscope (T2), 20 
min after inserting endoscope (T3) and 10 min after the 
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Ref. Type of 
endoscopy

No. of 
patients

DEX group Non-DEX group Summary of findings

Samson et al[21] EGD 90 DEX 1 mcg/kg followed 
by 0.5 mcg/kg per hour 

infusion iv

MDZ 0.04 mg/kg followed by 
an additional dose of 0.5 mg iv

Endoscopist satisfaction and 
recovery in DEX group was 

significantly better than in MDZ 
and PRO groups

Jiang et al[23] EGD 40 DEX 0.8 mcg/kg iv PRO 2.5 mg/kg iv DEX could yield marked sedative 
effect, had antihypertensive effect 
and did not suppress respiration

Demiraran et al[22] EGD 50 DEX 1 mcg/kg followed 
by 0.2 mcg/kg per hour 

infusion iv

MDZ 0.07 mg/kg (total dose 5 
mg) iv

DEX was superior to MDZ with 
regard to retching, rate of adverse 

events and endoscopist satisfaction 
for EGD sedation

Sula et al[35] Colonoscopy 231 DEX 1 mcg/kg iv PRO 1.5 mg/kg and on 
demand bolus 0.4-0.5 mg/kg iv

Both regimens were effective and 
safe for sedation. PRO caused more 

desaturation, while DEX caused 
more hypotension

1Jalowiecki et al[38] Colonoscopy 64 Group D: DEX 1 mcg/kg 
followed by 0.2 mcg/kg 

per hour infusion iv

Group P: 1 mg/kg of MEP 
with 0.05 mg/kg of MDZ iv, 

Group F: 0.1-0.2 mg of FEN iv 
on demand

There was a significantly greater 
decrease in heart rate and blood 

pressure in group D. Time to home 
readiness was the longest in group 

D
1Eldesuky Ali Hassan et al[48] ERCP 50 Group D: DEX 1 mcg/kg 

followed by 0.5 mcg/kg 
per hour infusion iv

Group K: ketofol 1 mg/kg iv 
bolus followed by 50 mcg/kg 

per minute infusion iv

Time to achieve sedation score and 
total dose of rescue sedation were 
not significantly different. Patient 

and endoscopist satisfaction in 
group K was significantly higher 

than in group D
Kilic et al[40] ERCP 50 Group D: DEX 1 

mcg/kg followed by 
0.2-0.7 mcg/kg per hour 

infusion iv

Group M: MDZ 0.04 mg/kg 
followed by an additional dose 

of 0.5 mg iv

DEX showed higher endoscopist 
satisfaction. Coughing, nausea and 

vomiting were observed in three 
patients in group M, but no patients 

in group D
Ceylan et al[41] ERCP 50 Group D: DEX 1 

mcg/kg followed by 
0.2-0.7 mcg/kg per hour 

infusion iv

Group P: PRO 75 mcg/kg per 
hour followed by 12.5-100.0 

mcg/kg per minute infusion iv

Blood pressure and heart rate 
values in group D were significantly 
lower than in group P. There were 
no significant differences in patient 

and endoscopist satisfaction
1Muller et al[52] ERCP 26 Group D: DEX 1 

mcg/kg followed by 
0.2-0.5 mcg/kg per hour 

infusion iv

Group P: PRO (target plasma 
concentration 2-4 mcg/mL) 

with FEN 1 mcg/kg iv

DEX alone was not as effective 
as PRO combined with FEN. 

DEX was associated with greater 
hemodynamic instability and a 

prolonged recovery period
Eberl et al[55] Esophageal 

intervention
64 DEX 1 mcg/kg 

(0.5 mcg/kg in age > 65) 
followed by 0.7-1 mcg/
kg per hour infusion iv

PRO Target Controlled 
Infusion (OAAS scale ≤ 4)

DEX was a new representative for 
endoscopic sedation. The acceptance 
level after PRO was relatively high 

compared with DEX
Takimoto et al[58] ESD 90 Group D: DEX 3 mcg/kg 

followed by 0.4 mcg/kg 
per hour infusion iv

Group P: PRO 5 mg bolus and 
3 mg/kg per hour infusion iv, 
Group M: MDZ 0.1 mg/kg iv

DEX was effective and safe for 
patients with gastric tumors who 

underwent ESD

Table 2  The use of dexmedetomidine in a single agent technique for gastrointestinal endoscopic procedures

1Negative result of dexmedetomidine. EGD: Esophagogastroduodenoscopy; ERCP: Endoscopic retrograde cholangiopancreatography; DEX: 
Dexmedetomidine; MDZ: Midazolam; PRO: Propofol; FEN: Fentanyl; MEP: Meperidine; REM: Remifentanil; ETO: Etomidate; KET: Ketamine; SUF: 
Sufentanil; PCS: Patient controlled sedation.
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end of examination (T4). The intubation process and 
cooperation of patients were scored; and the patients′ 
satisfaction for examination was evaluated next day. 
In dexmedetomidine group, heart rate of patients at 
the time points of T1, T2, T3 and T4 was significantly 
lower than that at the time point of T0; but there was 
no significant difference in the systolic and diastolic 
blood pressure among the time points of T0, T1, T2, 
T3 and T4. There was no significant difference in the 
oxygen saturation all time points in the two groups. 
The heart rate at the time points of T1, T2, T3 and 
T4 in the propofol group was significantly higher than 
that in the dexmedetomidine group. The score of 
intubation process and cooperation of patients in the 
dexmedetomidine group was significantly higher than 
that in the propofol group. However, patient satisfaction 
in both groups was not significantly different. The 
authors concluded that dexmedetomidine and fentanyl 
for conscious sedation in ERCP procedure was safe and 
feasible, which could meet the test needed of sedation, 
and could obtain better cooperation of the patients[44].

Generally, the combination regimens are commonly 
used for invasive procedures. Dexmedetomidine may 
employ a synergistic effect in the combination with 
sedoanalgesic drugs. Lee and coworkers evaluated 
the efficacy and adverse effects of midazolam-me
peridine-dexmedetomidine (MMD) and midazolam-
meperidine (MM) for ERCP procedure in 110 patients. 
Lower additional and total doses of midazolam were 
needed in group MMD. Oxygen desaturation and pain 
scores in group MMD were significantly lesser than 
in group MM. In addition, the satisfaction scores in 
group MMD were significantly greater than group MM. 
The authors recommended that the combination of 
dexmedetomidine, midazolam and meperidine regimen 
presented superior sedative efficacy and a greater 
safety profile during ERCP procedure compared with the 
combination of midazolam and meperidine regimen[45]. 
Recently, Mukhopadhyay et al[46] assess the safety and 
efficacy of dexmedetomidine as an add-on for deep 
sedation in prolonged ERCP procedure. The authors 
concluded that the addition of dexmedetomidine in 
sedoanalgesic cocktail increased the safety and efficacy 
of deep sedation[46]. 

Ketofol, a combination of ketamine and propofol, is 
significant interest as an agent for procedural sedation. 
This combination regimen has several advantages in 
the terms of hemodynamic stability, lack of respiratory 
depression, post-operative analgesia and recovery[47]. 
Recently, a double-blind randomized study is carried 
out to evaluate two techniques of moderate sedation 
for patients undergoing ERCP procedure, using either 
dexmedetomidine or ketofol as regards hemodyna
mic, sedation, respiratory effect, pain, recovery time, 
patient and endoscopist satisfaction as well as the 
complications. Fifty patients were randomly assigned in 
the two groups; dexmedetomidine received 1 mcg/kg iv 
bolus over 10 min followed by 0.5 mcg/kg per hour or 
ketofol received 1 mg/kg iv bolus and maintained by 50 

mcg/kg per minute. Mean arterial pressure and heart 
rate in the dexmedetomidine group were significantly 
lesser than in the ketofol group. Additionally, time to 
achieve RSS score and total dose of rescue sedation in 
both groups were not significantly different. However, 
patient and endoscopist satisfaction in the ketofol group 
was significantly higher than in the dexmedetomidine 
group[48] (Table 2). The advantage of ketofol in this 
study may be due to design of the study. The depth of 
sedation level was targeted to attain a RSS score of 4. 
The combination use of ketamine and propofol offered 
better outcome variables than the use of dexmedeto
midine alone.

Several case studies also have been reported the 
efficacy of dexmedetomidine for procedural sedation 
in the difficult patients. For example, Srivastava et 
al[49] reported a 65-year-old female presented with 
anorexia, vomiting and yellowish discoloration of skin 
for 3 mo. The patient was diagnosed as extrahepatic 
cholangiocarcinoma with extrahepatic biliary obstruction 
type 3 and was advised surgical resection of tumor. The 
patient had history of dyspnea on mild exertion (New 
York Heart Association Ⅲ), left bundle branch block, 
and cardiomegaly. The transthoracic echocardiography 
demonstrated dilated left ventricle, global hypokinesia, 
ejection fraction 25%, moderate pulmonary artery 
hypertension. However, the patient refused for surgery 
owing to increased cardiac risk. The patient was advised 
endoscopic placement of stents to drain the biliary 
system for symptomatic relief. Monitored anesthesia 
care with light sedation was required for this procedure. 
She was induced with 1 mcg/kg of dexmedetomidine 
over 20 min and then continuous infusion was titrated 
between 0.2 and 0.5 mcg/kg per hour to keep blood 
pressure and HR within 10% of baseline. Mean HR 
during procedure was 74 ± 10 beats/min, and mean 
blood pressure was 80 ± 15 mmHg. The total procedure 
time was 40 min. The patient was oxygenated through
out the procedure until recovery from sedation by face 
mask. The SpO2 was never below 98%. The recovery 
time was 30 min[49].

Ko et al[50] presented a 10-year-old boy, 29 kg with 
obstructive jaundice and a distal common bile duct 
stone. Five days before, ERCP sedation performed by 
a gastroenterologist was failed. Non-invasive blood 
pressure, electrocardiography, SpO2, BIS values and 
Observer’s Assessment of Alertness/Sedation scores 
were monitored. In this second sedation, a dose of 0.5 
mg/kg of ketamine and 0.5 mcg/kg of fentanyl were 
given before the procedure. Additionally, a bolus dose 
of 0.7 mcg/kg of dexmedetomidine was given over 10 
min followed by a continuous infusion of 0.5 mcg/kg 
per hour. The oxygen saturation decreased to 85% for a 
second. However, oxygen saturation recovered to 100% 
when the scope was inserted. Oxygen supplementation 
was administered and a child breathed spontaneously. 
This procedure was successfully completed with minimal 
decreases in blood pressure and heart rate. After the 
procedure, dexmedetomidine infusion was stopped. 
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The patient did not report of postprocedural nausea and 
vomiting and did not present emergence agitation or 
delirium[50].

However, the negative results of the use of dexmede
tomidine for ERCP procedure have been occurred (Table 
2). For example, the study of Nagaraj et al[51] compared 
the combination of dexmedetomidine and fentanyl with 
the combination of propofol and fentanyl for procedural 
sedation in ERCP procedure. In the dexmedetomidine 
group, patients received fentanyl 1 mcg/kg and a 
bolus dose of dexmedetomidine 1 mcg/kg over 10 min 
followed by a maintenance dose of 0.5 mcg/kg per 
hour intravenously. In the propofol group, the patients 
received fentanyl 1 mcg/kg and a loading dose of 
propofol infused at 0.5 mg/kg over 10 min followed by 
a maintenance dose of 2 mg/kg per hour intravenously. 
The study showed that the combination of propofol and 
fentanyl achieved better overall conditions for ERCP 
compared to the combination of dexmedetomidine and 
fentanyl[51].

Generally, deep sedation is utilized for invasive GIE 
procedures including ERCP. A combination of two or 
more sedative drugs produces a synergistic effect and 
is commonly used for deep sedation technique. Another 
negative result of the use of dexmedetomidine alone 
was published by Muller et al[52]. They conducted a 
randomized, double blind, study to test the hypothesis 
that dexmedetomidine was as effective as propofol 
combined with fentanyl for sedation during an ERCP 
procedure. Twenty-six patients with ASA physical 
status class Ⅰ to Ⅲ were randomly assigned to receive 
either propofol combined with fentanyl 1 mcg/kg, or 
dexmedetomidine 1 mcg/kg in 10 min, followed by 0.2 
to 0.5 mcg/kg per minute. Supplementary sedative 
drugs were added if an inadequate sedation was not 
attained. Heart rate, blood pressure, respiratory rate and 
oxygen saturation were continuously monitored. The 
result of the study proved that dexmedetomidine alone 
was not as effective as a combination of propofol and 
fentanyl for sedation during ERCP procedure. Moreover, 
dexmedetomidine was related with lesser hemodynamic 
stability and prolonged recovery period[52]. 

Similarly, the use of dexmedetomidine alone for 
sedation in the alcoholic patients is also inadequate 
(Table 1). This outcome was confirmed by the study 
of Mazanikov et al[53]. They assessed the suitability of 
dexmedetomidine for sedation of the alcoholic patients 
during ERCP procedure. Fifty patients with chronic 
alcoholism underwent elective ERCP procedure were 
randomly assigned to receive dexmedetomidine (group 
D) (a bolus dose of 1 mcg/kg in 10 min, followed by 
continuous intravenous infusion 0.7 mcg/kg per hour) 
or normal saline (group P). Additionally, PCS with pro
pofol and alfentanil was used by patients as a rescue 
method. Sedation was considered as successful if no 
intervention of an anesthesiologist was needed. Con
sumption of sedatives was registered, and sedation 
levels and vital signs were monitored. The result of 
the study indicated that the use of dexmedetomidine 

alone was insufficient in all alcoholic patients. The mean 
consumption of propofol was 159 ± 72 mg in group 
P, and 116 ± 61 mg in group D (P = 0.028). Sedation 
was successful in 19 of 25 (76%) patients in group D 
and all patients in group P (P = 0.022). The incidence 
of sedation-related adverse events in both groups was 
comparable. However, dexmedetomidine was associ
ated with delayed recovery. They suggested that PCS 
with propofol and alfentanil but not dexmedetomidine 
could be recommended for sedation of the alcoholic 
patients during ERCP procedure[53]. Additionally, a 
negative result of the use of dexmedetomidine was 
also reported by Ramkiran et al[54]. The report showed 
that the use of dexmedetomidine presented in greater 
propofol consumption, with delayed recovery and un
favorable hemodynamic profiles when compared with 
a combination of low dose ketamine and propofol in 
outpatient ERCP procedure[54].

ESOPHAGEAL INTERVENTION 
Early neoplastic lesions in esophagus could be treated 
by endoscopic intervention has evolved as a valid. 
These esophageal interventions are minimal invasive 
treatment options alternative to the surgical operations. 
The safety and effectiveness of dexmedetomidine 
sedation for endoscopic esophageal interventions 
was observed in the study of Eberl et al[55]. The 64 
patients were randomly allocated to the propofol 
and the dexmedetomidine groups. The effectiveness 
of sedation was the primary outcome of the study. 
Respiratory and hemodynamic complications were the 
secondary outcome variables. The authors suggested 
that dexmedetomidine was a new representative for 
endoscopic sedation. However, the sedation efficacy in 
the propofol group was relatively high compared with 
the dexmedetomidine group[55]. 

To date, esophageal strictures after accidental 
ingestion of a corrosive substance are still clinical 
problems and the esophageal dilatation sessions are 
frequently required. The use of dexmedetomidine for 
these esophageal interventions in children is perceived. 
The combination of dexmedetomidine and the sed
oanalgesic agents was used to evaluate the safety, 
efficacy, recovery profiles and hemodynamic para
meters with those of the combination of propofol and 
ketamine in pediatric patients underwent endoscopic 
esophageal balloon dilatation[56]. The study verified 
that the combination of dexmedetomidine, ketamine 
and midazolam had relatively more hemodynamic and 
respiratory stabilities, with adequate postprocedural 
analgesia. However, the use of ketamine alone had 
quicker onset and rapid recovery of sedation than the 
combination of dexmedetomidine and midazolam[56].

ENDOSCOPIC SUBMUCOSAL 
DISSECTION
Endoscopic submucosal dissection (ESD) is an endos
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copic treatment of early gastric cancer. It has been 
extensively accepted. However, ESD is correlated with 
a longer procedure time and a higher risk of patient 
distress than the conventional endoscopic procedures. 
An acceptable and safe sedation is necessary. A com
bination of benzodiazepines and analgesics are usually 
utilized for sedation, but a new sedative agent such as 
dexmedetomidine is estimated to be a useful agent[57]. 

Takimoto and coworkers conducted a randomized 
study of dexmedetomidine sedation in 90 patients 
with gastric tumors underwent the ESD procedure. All 
patients were sedated either with dexmedetomidine 
(a bolus of 3.0 mcg/kg per hour in 5 min followed by a 
continuous infusion of 0.4 mcg/kg per hour), propofol, 
or midazolam. The resection of gastric tumor was 
completed in 88 (98%) patients. No patients in the 
dexmedetomidine group demonstrated a significant 
decrease of the oxygen saturation level. This study 
proved that sedation with dexmedetomidine was safe 
and effective for patients with gastric tumors who 
underwent ESD procedure[58].

Ishibashi et al[59] assessed the efficacy and safety 
of sedation with dexmedetomidine in the intubated 
spontaneously breathing patients after ESD procedure 
for pharyngeal or esophageal cancer. The 55 patients 
with ASA class Ⅰ or Ⅱ who underwent ESD under 
general anesthesia and who were remained intubated 
until the next day in the ICU receiving sedation with 
dexmedetomidine. A continuous infusion of dexmedeto
midine at 0.4-0.7 mcg/kg per hour was administered 
during procedure and continued in the ICU until extu
bation. Hemodynamic and respiratory parameters as 
well as the Richmond Agitation Sedation Scale (RASS) 
scores were noted. The 39 patients in group G were 
remained well sedated (RASS < 1). The 16 patients 
were poorly sedated (RASS ≥ 1 at any time-point) 
were in group P. Hemodynamic and respiratory variables 
in the ICU were not significantly different between 
the two groups. The requirements of rescue sedatives 
and analgesics in group P were significantly higher 
than in group G. The authors concluded that sedation 
with dexmedetomidine in the intubated spontaneously 
breathing patients after ESD was safe and effective. The 
higher plasma concentration of dexmedetomidine at the 
time of entrance into the ICU was associated with better 
sedation and less analgesic requirements[59].

The combination of dexmedetomidine and propofol 
for the ESD procedure is also safe and effective. 
Forty patients with ASA physical status class Ⅰ or Ⅱ 
underwent ESD were randomized into two groups. 
Group A was given propofol alone. Group B was given 
intravenously dexmedetomidine followed by propofol. 
The study demonstrated that the use dexmedetomidine 
combined with propofol and propofol alone were no 
significant differences in the respiratory rate, oxygen 
saturation, operative time and anesthetic effect. This 
study confirmed that anesthetic effect of dexmedeto
midine combined with propofol for patients underwent 
ESD procedure was satisfactory and safe[60].

The ESD procedure of colorectal tumor is withstan
ding. However, this is a technical difficulty procedure. 
Takimoto et al[61] examined the efficacy and safety of 
dexmedetomidine sedation for ESD procedure. The 210 
patients underwent the colorectal ESD were categorized 
into group A (continuous infusion of dexmedetomidine 
at 0.2 mcg/kg per hour) and group B (no administration 
of dexmedetomidine). A reduced blood pressure and 
heart rate or a decrease of oxygen saturation was not 
observed. The endoscopic treatment was succeeded 
in 100% and 82% of the patients in group A and 
B, respectively. The authors suggested that the use 
of dexmedetomidine reduced the requirement for a 
rescue medication and eased an endoscopic treatment. 
Consequently, a combination use of dexmedetomidine 
might establish as an effective and safe technique for 
the colorectal ESD[61].

Moreover, dexmedetomidine suppresses gastric 
motility. The use of dexmedetomidine during ESD 
procedure should be useful. The study of Kim et al[62] 
evaluated the safety and efficacy of the combination 
of dexmedetomidine and remifentanil with the combi
nation of propofol and remifentanil for ESD procedure. 
Although, the efficacy and safety of these two groups 
were comparable, the endoscopists favored dexme
detomidine because of its action[62].

The patients with severe chronic obstructive pul
monary disease (COPD) have validated an increased 
risk for oxygen desaturation following the general 
anesthesia. The use of dexmedetomidine sedation is 
one of the appropriate methods for management of the 
COPD patients[63]. Iizuka et al[63] reported an anesthetic 
management of a 74-year-old man with severe COPD 
and gastric cancer underwent ESD procedure. They 
used dexmedetomidine under monitored anesthesia 
care and the patient spontaneously breathed during 
the procedure. The ESD procedure took 5.5 h with 
satisfactory analgesia, and no airway management 
was needed. The patient accepted the procedure and 
recovered well with no adverse events. Finally, the 
patient was discharged on the fifth postprocedural 
day[63].

SMALL BOWEL ENTEROSCOPY
Currently, small bowel enteroscopy is the standard 
method for diagnosis and treatment of small bowel 
abnormalities. It is a long and invasive endoscopic 
procedure. Anesthesia/sedation is regularly used for 
this endoscopy procedure[64]. The safety and efficacy 
of dexmedetomidine used in this procedure were 
investigated by the study of Sun et al[65]. Thirty patients 
with ASA physical status class Ⅰ or Ⅱ, planned for 
single balloon enteroscopy were randomly assigned 
into two groups: Group D (intravenous perfusion of 
dexmedetomidine 0.6 mcg/kg), and group C (normal 
saline of equal volume with dexmedetomidine). Group 
D and group C respectively received dexmedetomidine 
and normal saline before induction by iv infusion in 
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10 min. Then general anesthesia was induced with 
propofol, fentanyl and vecuronium. The maintenance 
of anesthesia was used by propofol in both groups. The 
study summarized that the use of dexmedetomidine 
0.6 mcg/kg for 10 min before induction presented more 
stable during the period of induction. It also reduced 
the doses of propofol in the period of induction and 
operation. Dexmedetomidine could make the patient 
hemodynamics more stable and the recovery more 
rapid and complete[65].

To date, there is a wide variability of the efficacy of 
the use of dexmedetomidine in various GIE procedures. 
Several reports have been demonstrated the positive 
results. However, some studies did not confirm the 
benefits of dexmedetomidine for GIE procedures. The 
author also summarizes these in the two tables. Table 
2 shows the use of dexmedetomidine in a single agent 
technique for GIE procedures including the positive and 
negative results. In addition, Table 1 lists the use of 
dexmedetomidine in a combination technique for GIE 
procedures including the positive and negative results.

CONCLUSION
Several sedative and analgesic drugs are commonly 
used in the GIE procedures. Their safety profile is 
dependent on their pharmacokinetic and pharmaco
dynamic profiles, the patient medical condition and the 
experience of the physician using them. Dexmedeto
midine has analgesic, amnesic, sedative and anxiolytic 
properties. The use of dexmedetomidine as the sole 
anesthetic agent and as the adjuvant anesthetic agent 
in various GIE procedures has been published. A distinct 
advantage of dexmedetomidine is the maintenance of 
respiratory force and preserved airway patency even 
in the existence of rising sedation. These properties 
of dexmedetomidine have verified to be beneficial in 
high-risk patients such as the patients with OSA and 
COPD patients as well as the patients with extensive 
tracheomalacia. However, it can produce bradycardia 
and hypotension. Additionally, the negative results of 
dexmedetomidine for some GIE procedures have been 
happened. Therefore, further clinical investigations 
should to be done.
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Abstract
Treatment for chronic pain is frequently unsuccessful 
or characterized by side-effects. The high-frequency 
repetitive transcranial magnetic stimulation (HF-rTMS) 
has been suggested in the management of refractory 
chronic pain. Various studies have shown that HF-

rTMS sessions of long-duration applied at primary 
motor cortex induce pain relief through mechanisms of 
plastic changes. Efficacy of rTMS mostly depends on 
stimulation parameters, but this aspect requires better 
characterization. A rationale to target other cortical areas 
exists. Current data are promising, but a careful ana
lysis of stimulation settings and maintenance treatment 
design are need. 

Key words: Transcranial magnetic stimulation; Repetitive 
transcranial magnetic stimulation; Neuropathic pain; 
Non-neuropathic pain; Chronic pain; Neuromodulation

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

Core tip: The high-frequency repetitive transcranial 
magnetic stimulation (HF-rTMS) is emerging as a 
possible approach for pain relief. The HF-rTMS delivered 
to motor cortex modulates brain network implicated in 
pain processes, facilitating descending pain inhibitory 
mechainsms. Current data are promising, but a careful 
analysis of stimulation settings and maintenance treat
ment design are necessary. 

Onesti E, Gori MC, Frasca V, Inghilleri M. Transcranial magnetic 
stimulation as a new tool to control pain perception. World J 
Anesthesiol 2016; 5(1): 15-27  Available from: URL: http://www.
wjgnet.com/2218-6182/full/v5/i1/15.htm  DOI: http://dx.doi.
org/10.5313/wja.v5.i1.15

INTRODUCTION
Chronic pain can be neuropathic, non-neuropathic, 
mixed, or without demonstrated origin[1]. Whilst acute 
pain is nociceptive secondary to chemical, mechanical 
and thermal stimulation of A-delta and C receptors, 
chronic neuropathic pain (NP) can persist after the initial 
injury because the nervous system is malfunctioning, 
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becoming the origin of the pain. Examples of NP are 
trigeminal neuralgia, postherpetic neuralgia, phantom 
limb pain, monoradiculopathies, complex regional pain 
syndromes and peripheral neuropathies. The prevalence 
of NP ranges from 7% to 8%[2-4]. The mechanisms 
involved in NP are complex and engage both periphe
ral and central pathophysiologic events. Several NP 
research studies point to different causal mechanisms 
including neurogenic inflammation, abnormal ectopic 
activity in nociceptive nerves, and impaired inhibitory 
modulation, defining the so-called peripheral and central 
sensitization[5]. Available treatments provide mainly 
symptomatic relief, including nonpharmacological, 
pharmacological, and interventional therapies[6,7]. 
Unfortunately, the management of NP is not easy 
because the response to most drugs is not univocal[8,9]. 
According to recent guidelines, less than 50% of the 
patients with chronic NP reach symptomatic benefits 
with drugs[6,10,11].

In this setting, neurostimulation is a promising 
procedure in the treatment of pain[6,12]. The techniques 
suggested are: Transcutaneous electrical nerve stimu
lation, nerve root stimulation, spinal cord stimulation, 
deep brain stimulation, transcranial direct current 
stimulation (tDCS), epidural motor cortex stimula
tion, and repetitive transcranial magnetic stimulation 
(rTMS)[6]. 

Specifically, TMS was first introduced in the late 
1980s[13]. Initially, rTMS of the motor cortex was used 
to select patients for chronic stimulation by implanted 
electrodes[14]. It is a noninvasive method of stimulating 
cortical motor neurons through the scalp and skull 
capable of inducing electrical currents and depolarizing 
neurons in focal brain areas with the use of rapidly 
changing electromagnetic fields generated by a coil 
placed over the scalp[15-17]. Since then, several studies 
used rTMS as an investigational tool and a potential 
treatment for a variety of neurological and psychiatric 
disorders. Studies showed that rTMS provided at least 
partial and transient relief of chronic NP. When applied 
repetitively, trains of rTMS can modify cortical activity 
beyond the duration of the stimulation[18]. Three main 
aspects influence the effect of rTMS: Frequency, in
tensity, and duration of stimulation. In general, bursts 
of high-frequency stimulation (≥ 5 Hz) lead to a facilit
ation of activity in the targeted brain region, whereas 
continuous low-frequency stimulation (about 1 Hz) 
provides a suppression in activity of the targeted brain 
region. 

The rTMS produces analgesic effects activating 
fibres in the motor cortex and projecting to distant 
areas involved in pain processing[19,20]. In 2007, the 
EFNS produced the first guidelines on neurostimulation 
therapy for NP[6]. In recent years, new randomized 
controlled trials have published in various NP conditions. 
Therefore, we aimed to review all available evidence for 
TMS in neuropathic and non-NP, focusing the methods. 
A narrative synthesis was used to report the results. 

TMS AND CHRONIC PAIN TREATMENT
A search of literature on the analgesic effect of rTMS 
in chronic pain published from 1991 to May 2015 was 
performed using PubMed and the Cochrane Library. 
Keywords included chronic pain and neurostimulation, 
chronic pain and transcranial magnetic stimulation, NP 
and neurostimulation, NP and transcranial magnetic 
stimulation. The present review included controlled 
studies with at least 10 subjects enrolled to ensure 
the quality of the studies. Moreover, we excluded 
observational studies, and only papers in English were 
included. To minimize possible bias, the study selection-
process was carried out independently by two authors 
(EO, MI). 

We identified 38 controlled studies, including sham 
stimulations, in patients with NP (spinal cord lesions, 
central post-stroke pain-CPSP-, trigeminal nerve lesions, 
peripheral nerve lesions, phantom pain, fibromyalgia 
and complex regional pain syndrome type Ⅱ-CRPSII-) 
or non-NP (migraine, CRPS type Ⅰ, low back pain, 
visceral and postoperative pain). Table 1 summarizes 
these studies. The analysis included 983 patients. 
Among them, 31 studies showed significant pain redu
ction with the high-frequency rTMS (HF-rTM) of the 
motor cortex (Table 1). 

Unfortunately, the studies currently available have 
been performed on groups of patients with different 
kinds of NP. Evidence at medium follow-up allowing solid 
conclusions to be drawn is insufficient and conflicting, 
while evidence at long follow-up is restricted. Future 
studies on a large number of patients with pain due to 
specific diseases and the evaluation of maintainance 
treatment cycles should provide more certain and 
reproducible data.

Efficacy of rTMS in NP
Efficacy of rTMS mostly depends on stimulation parame
ters. When rTMS is applied in the primary motor cortex 
at low-frequency it is unsuccessful[21-23], while repea
ted sessions of long-duration (at least 1000 pulses) 
stimulations at high-frequency (5-20 Hz) applied over 
repeated sessions induce pain relief[1,24-27]. RTMS seems 
most effective when stimulation is focal (i.e., figure-
of-eight rather than circular coil)[6]. The effect starts a 
few days later; its duration is less than a week after 
a single session, 2-3 wk after consecutive sessions 
of rTMS[28-30]. This last aspect is the keystone for the 
clinical benefit[31,32]. However, this feature requires 
better characterization[6]. The TMS parameters vary 
in the studies, and it is complex to establish the best 
stimulation parameters to use[12]. The role of coil 
orientation, time of train of stimulation, inter-train 
interval, and number of trains, is also to definite[12]. 

Moreover, 22 of the 32 studies had small sample 
sizes, with less than 30 enroled patients, and only 16 
of 32 studies recruited homogeneous populations of 
patients (CRPS, spinal cord injury, diabetic polyneuro
pathy, poststroke pain and fybromialgia), reducing 
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Ref. Painful syndrome Study design Number of 
patients

Coil Site 
stimulation

Frequency, 
intensity, n  

sessions

Outcomes Efficacy

NP
Lefaucheur et 
al[26]

Intractable neurogenic 
pain

Double-blind, 
controlled, 
crossover

18 F8 Hand M1 0.5-10 Hz Pain intensity Analgesic 
effect (only for 

10 Hz)
(12 central NP; 6 
peripheral NP)

80% RMT
1

Lefaucheur et 
al[116]

Pain due to thalamic 
stroke or trigeminal 

neuropathy

Double-blind, 
controlled, 
crossover

14 F8 Hand M1 10 Hz VAS Decrease in 
VAS(7 central NP; 7 

peripheral NP)
80% RMT

1
Rollnik et al[41] Chronic refractory NP Double-blind, 

controlled, 
crossover

12 Double 
coin - 

Circular 
coin

M1 20 Hz VAS No effect
(2 central NP; 
7 peripheral 

NP; 2 CRPS; 1 
osteomyelitis)

80% RMT
1

Lefaucheur et 
al[27]

Pain do to thalamic 
stroke, brainstem 

stroke, spinal cord 
lesion, brachial plexus 
lesion, or trigeminal 

nerve lesion

Double-blind, 
controlled, 
crossover

60 F8 Hand M1 10 Hz VAS, thermal 
sensory 

thresholds

Analgesic 
effect mainly 
in trigeminal 
nerve lesions

(36 central NP; 24 
peripheral NP)

80% RMT
1

Khedr et al[25] Trigeminal neuralgia 
and post-stroke pain 

syndrome

Double-blind, 
controlled

48 F8 Hand M1 20 Hz VAS and the 
LANSS scale

Analgesic 
effect(24 central NP; 24 

trigeminal NP)
80% RMT

5
André-Obadia 
et al[22]

Chronic refractory NP Double-blind, 
controlled, 
crossover

14 F8 Hand M1 1-20 Hz VAS Analgesic 
effect (only for 

20 Hz)
(11 central NP; 3 
peripheral NP) 

90% RMT
1

Hirayama et 
al[104]

Intractable 
deafferentation pain

Double-blind, 
controlled, 
crossover

20 F8 M1 5 Hz VAS and SF-
MPQ

Analgesic 
effect(14 central NP; 6 

peripheral NP)
90% RMT

1
Irlbarcher et 
al[117]

Chronic NP Double-blind, 
controlled

27 F8 M1 1-5 Hz VAS No effect
(13 central NP; 14 

phantom p)
95% RMT

5
Lefaucheur et 
al[15]

Unilateral hand pain 
of various neurologic 

origins

Double-blind, 
controlled, 
crossover

22 F8 Hand M1 10 Hz Motor threshold 
at rest, MEP 

amplitude, CSP, 
ICI 

ICI increase
(14 central NP; 8 
peripheral NP)

90% RMT
1

Lefaucheur et 
al[118]

Chronic NP Double-blind, 
controlled, 
crossover

36 F8 Face M1 10 Hz VAS Analgesic 
effect with the 

stimulation 
applied on 

area adjacent 
to the cortical 
representation 
of the painful 

zone

80% RMT
1

Defrin et al[35] Spinal cord injury Double-blind, 
controlled

12 F8 Vertex 5 Hz VAS, MPQ, 
pain threshold

Increased heat 
pain threshold 115% RMT

10
Passard et al[29] Fibromyalgia Double-blind, 

controlled
30 F8 M1 10 Hz VAS, MPQ, 

quality of life 
(Brief Pain 
Inventory 

and the 
Fibromyalgia 

Impact 
Questionnaire)

Decrease in 
VAS and better 
quality of life

80% RMT
10

Saitoh et al[115] Intractable 
deafferentation pain

Double-blind, 
controlled, 
crossover

13 F8 M1 1-5-10 Hz VAS Decrease in 
VAS (only for 

5-10 Hz)
(9 central NP; 4 
peripheral NP)

90% RMT
1

André-Obadia 
et al[119]

Chronic NP Double-blind, 
randomized, 
controlled, 
crossover

28 F8 M1 20 Hz Pain relief, 
quality of life 

and rescue drug 
intake

Analgesic 
effect90% RMT

1

Table 1  Summary of the studies evaluating the effects of repetitive transcranial magnetic stimulation on chronic neuropathic pain 
and non-neuropathic pain
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Lefaucheur et 
al[120]

Chronic refractory NP Double-blind, 
controlled, 
crossover

46 F8 Hand M1 10 Hz Thresholds for 
thermal and 
mechanical 
sensations

Thermal 
perception 

improvement
(23 central NP; 23 

peripheral NP)
90% RMT

1

Carretero et 
al[121]

Fibromyalgia Randomized, 
single-blinded

28 Butterfly 
coil

DLPFC 1 Hz FibroFatigue, 
Likert pain, 
HDRS, CBI

No effect
110% RMT

20
Kang et al[36] Spinal cord injury Double-blind, 

controlled, 
crossover

11 F8 M1 10 Hz NRS, BPI No effect
80% RMT

5
Picarelli et al[33] CRPS type 1 Double-blind, 

controlled
23 F8 M1 10 Hz VAS, MPQ, the 

SF-36, HDRS
Analgesic 
effect and 
improved 

quality of life

90% RMT
10

Ahmed et al[108] Phantom pain Double-blind, 
controlled

27 F8 DLPFC 20 Hz VAS, LANSS 
scale

Decrease 
in VAS and 

LANSS scale
80% RMT

5
Mhalla et al[38] Fibromyalgia Double-blind, 

controlled
40 F8 M1 10 Hz Pain intensity 

over the last 24 
h, BPI, quality 
of life, mood 
and anxiety, 

parameters of 
motor cortical 

excitability

Analgesic 
effect80% RMT

Short et al[63] Fibromyalgia Double-blind, 
controlled

20 F8 M1 14 BPI, HDRS, 
Fibromyalgia 

Impact 
Questionnaire

Improvement 
of daily pain, 

number of 
tender points, 

HDRS and FIQ 
scores

10 Hz
120% RMT

Lefaucheur et 
al[122]

Chronic refractory NP Controlled, 
crossover

14 F8 M1 10 VAS Analgesic 
effect(3 localized in the 

face, 4 upper limb, 
3 lower limb, 4 

hemibody)

10 Hz
90% RMT

3

Hosomi et al[109] NP Double-blind, 
controlled, 
crossover

64 F8 M1 50 Hz VAS, SF-MPQ, 
PGIC, and BDI

Analgesic 
effect90% RMT

10
Onesti et al[28] Diabetic neuropathy Double-blind, 

controlled, 
crossover

23 H-coil Vertex 20 Hz VAS, area and 
threshold of 

RIII nociceptive 
flexion reflex 

RIII reflex

Decrease in 
VAS and RIII 

area
100% RMT

5

Jetté et al[34] Spinal cord injury Randomized, 
controlled, 
crossover

16 F8 M1 10 Hz VAS, motor 
mapping 

parameters

Decrease in 
VAS90%-110% 

RMT
3

Boyer et al[30] Fibromyalgia Double-blind, 
randomized, 

controlled

38 F8 M1 10 Hz FIQ, SF-36, 
brain 

metabolism

Improvement 
of quality of 

life
90% RMT

14
Dall’Agnol et 
al[123]

Myofascial pain 
syndrome

Double-blind, 
randomized, 

controlled

24 F8 M1 10 Hz Pain 
quantitative 

sensory testing, 
conditioned 

pain 
modulation, 

TMS 
parameters, 

BDNF

Analgesic 
effect 

mediated by 
mechanisms 

enhancing the 
corticospinal 

inhibitory 
system and 

BDNF

80% RMT
10

Yılmaz et al[40] Spinal cord injury Double-blind, 
randomized, 

controlled

17 F8 Vertex 10 Hz VAS No effect
110% RMT

10
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assurance about which states are more responsive to 
TMS[1,28-30,33-41]. Another unsolved question concerns 
which site in the motor cortex gives the most effective 
pain relief. Stimulation is commonly delivered to the 
contralateral motor cortex to painful area[1,42].

Also the left DLPFC could have a function in nocice
ptive control, while the left prefrontal cortex has been 
used in rTMS studies in patients with fibromialgia[39,43] 
(Figure 1). 

Also tDCS, a technique that elicits constant weak 
electric currents through the scalp throught two 
electrodes, is able to modulate excitability in cortical 

tissue. Moreover, it is important to specify that tDCS 
does not induce action potentials in axons, but it cause 
polarization of neurons changing their average level of 
discharge. Several studies examined the tDCS applied 
to the motor cortex as a possible treatment of chronic 
pain, but a recent meta-analysis does not suggest a 
significant analgesic effect of this technique[23]. 

The mechanisms underlying the effect of rTMS in 
pain are not clearly identified, but probably involve 
neuronal plasticity[44,45]. Therefore it is suggested that 
maintenance therapy for longer intervals should prolong 
long-lasting effects. Unfortunately, only one study to 
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Hodaj et al[124] Chronic refractory 
facial pain

Open-label study 55 F8 Face M1 10 Hz VAS, CGIC 
scale

Analgesic 
effect80% RMT

(19 cluster 
headache; 21 

trigeminal 
neuropathic pain; 
15 atypical facial 

pain)

12

Khedr et al[125] Malignant NP Randomized, 
controlled

34 F8 Hand M1 20 Hz VDS, VAS, 
LANSS, HDRS

Analgesic 
effect80% RMT

10
Lindholm et 
al[126]

Neuropathic orofacial 
pain

Randomized, 
controlled, cross-

over 

16 - S1/M1, right 
SII

- NRS, BPI Analgesic 
effect (only for 

SII)
Non-NP
Brighina et al[46] Migraine Double-blind, 

randomized, 
controlled

11 F8 DLPFC 10 Hz Frequency 
of attacks, 

Headache index

Significant 
reduction 

of outcome 
measures

90% RMT
12

Pleger et al[48] CRPS Double-blind, 
controlled, 
crossover

10 F8 M1 10 Hz VAS Analgesic 
effect110% RMT

1
Borckardt et 
al[127]

Postoperative pain Double-blind, 
controlled

20 F8 Left PFC 10 Hz VAS for mood, 
opioid pump 

use

Reduction in 
opioid use100% RMT

1
Johnson et al[49] Low back pain Double-blind, 

controlled, 
crossover

17 F8 M1 20 Hz Detection and 
pain thresholds 

for cold and 
heat sensations

Increased heat 
pain threshold 
and lowered 

cold detection

95% RMT
1

Fregni et al[50] Pancreatitis Double-blind, 
controlled

17 F8 SII 1 Hz VAS, BDI Analgesic 
effect70% RMT

10
-

Conforto et al[47] Migraine Randomized, 
double-blind, 
parallel-group

18 - DLPFC Number of 
headache days

No effect

Melchior et al[51] Irritable bowel 
syndrome

Double-blind, 
controlled, 
crossover

21 F8 M1 20 Hz Pressure pain 
threshold, 
changes in 
maximum 

tolerated rectal 
volume, rectal 

compliance and 
average pain 

intensity

Maximun 
tolerated 

rectal volume 
and analgesic 

effects

80% RMT
5

Avery et al[52] Chronic widespread 
pain

Double-blind, 
randomized, 

controlled

19 - DLPFC - BIRS No effect
15

NP: Neuropathic pain; BPI: Brief pain inventory; FIQ: Fibromyalgia impact questionnaire; F8: Figure of 8 coil; H: Hesed; HDRS: Hamilton depression rating 
scale; ICI: Intracortical inhibition; LANSS: Leeds assessment of neuropathic symptoms and signs; MPQ: McGill pain questionnaire; PFC: Prefrontal cortex; 
RIII: Nociceptive flexion reflex; SF-36: 36-item short-form health survey; SICI: Short intracortical inhibition; SII: Somatosensory cortex; VAS: Visual analog 
scale; MEP: Motor evoked potential; NRS: Numeric rating scale; PGIC: Patient global impression of change scale; BDNF: Brain-derived neurotrophic factor; 
VDS: Verbal descriptor scale; CGIC: Clinical global impression of change; DLPFC: Dorsolateral prefrontal cortex; BIRS: Gracely box intensity scale.
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date evaluated long-term rTMS maintenance therapy[38].

Efficacy of rTMS in non-NP
In the past ten years, the rTMS have been also eva
luated in different non-NP conditions[1] (Table 1). 

Regarding application for migraine, active HF-rTMS 
delivered over the left DLPFC gave promising results 
but, in the absence of large controlled studies, no 
recommendation can be suggested[1,46,47]. Also regarding 
to the treatment of chronic visceral pain, low back pain 
and CRPS type Ⅰ with rTMS, literature is still limited, 
and no conclusion can be definitely drawn[48-52]. Future 
research in this field should specifically investigate in a 
large number of patients the most appropriate cortical 
target, and the frequency of stimulation[1]. Moreover, 
a specific analysis regarding to the possible effect of 
rTMS on other clinical aspects of these syndromes, such 
as affective-emotional and cognitive components is 
needed. 

PHYSIOLOGICAL BASIS OF rTMS
Practical aspects of rTMS
In 1985 Barker et al[13] proposed the first magnetic 
stimulator for the transcranial stimulation of the human 
brain, giving the prerequisite for subsequent clinical use 
of TMS. A stimulating coil produces a brief magnetic 
field when an electrical pulse generator creates a dis
charge current of several thousand amperes. When 
the coil is placed on the skull of a subject, it induces 
an electrical field able to depolarize nerve cells and to 
stimulate neural networks[1]. The stimulus waveform 
can be monophasic or biphasic[53]. The rTMS using mono
phasic pulses activates an homogeneous population of 

neurons, while biphasic pulses tend to generate a more 
complex pattern of neural activation, producing local 
changes but also effects at distance from the stimulus 
site[1,54]. 

Site of stimulation
The first task for pain modulation is to locate primary 
motor cortex (M1), checking visually the muscle 
twitch inducing by TMS pulses[12]. Commonly in clinical 
settings, the intensity of the TMS should be not able to 
induce a motor response[12]. Specifically, TMS applied 
in short trains at high frequency and suprathreshold 
intensity over the M1 elicits a progressive increase in 
motor evoked potential (MEP) amplitude, demonstrating 
the phenomenon of MEP amplitude facilitation, through 
intracortical mechanisms similar to short-term synaptic 
plasticity[55-59]. 

However, a rationale for targeting other cortical 
areas exists. The DLPFC could have a role in nociceptive 
control[43]. In healthy subjects with pain induced by a 
capsaicin injection into their hand, the stimulation of 
the left DLPFC produced a significant pain relief. No 
improvement was noted when the right DLPFC was 
stimulated[60]. The effect may be related to the release 
of endogenous opioids by the left DLPFC[61]. Also rTMS 
of the cerebellum has been considered for the possible 
lowering in pain thresholds[62]. Moreover, The left 
prefrontal cortex has been used in rTMS fibromyalgia 
studies, but only a small analgesic effect has been 
noted[63].

Intensity of stimulation
The intensity of the stimulation is classically regulated 
for each patient to obtain the minimal intensity of 
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DFLFC
   Left hemisphere
   Low-high frequency

   Possible efficacy in chronic NP and non-NP

DFLFC
   Right hemisphere
   Low-high frequency

   Possible efficacy in chronic NP and fibromyalgia

Primary somatosensory cortex
   Controlateral to pain
   High frequency

   Possible inefficacy in chronic NP

Secondary somatosensory cortex
   Right hemisphere
   Low frequency

   Possible efficacy in chronic visceral pain

Primary motor cortex
   Controlateral to pain
   Low frequency

   Inefficacy proved in chronic NP

Primary motor cortex
   Controlateral to pain
   High frequency

   Efficacy proved in chronic NP
   Possible efficacy in fibromyalgia and CRPS

Figure 1  Analgesic efficacy of repetitive transcranial magnetic stimulation according to the cortical target. DLPFC: Dorsolateral prefrontal cortex; NP: 
Neuropathic pain; CRPS: Complex regional pain syndrome.
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stimulation applied to M1 that evokes a motor response. 
It is measured according to the RMT, the lowest 
stimulation intensity able to generate a MEP small (50 
mV) amplitude in 5 of 10 TMS pulses. In the clinical 
setting, stimulation intensity is frequently subthreshold 
(80%-90% of RMT)[64]. When the RMT is identified, 
rTMS is performed in bursts of stimuli (“trains”) with a 
definite frequency[12]. 

Frequency of stimulation
RTMS can be carried out at low (1 Hz) or high frequen
cies (5 Hz). When performed at high frequencies, 
rTMS pulses are delivered in trains divided by specific 
intertrain intervals. Typically, low-frequency rTMS is 
considered to have inhibitory properties, whereas HF-
rTMS is considered to have excitatory properties[64]. 
HF-rTMS consists specifically of intermittent bursts of 
TMS pulses able to induce a long-term potentiation of 
synaptic activiy, which may clarify why rTMS effects can 
overcome the period of stimulation[64]. 

Number of sessions and total number of pulses per 
session 
A central question is whether the analgesic effect 
of rTMS can be prolonged by maintenance sessions 
performed periodically. To date, 24 of 39 studies have 
performed repetitive sessions of rTMS to enhance 
analgesic effects of a single session of stimulation, but 
maintenance protocol was only tested in one study[38]. 
Usually, the number of sessions applied range from 5 
sessions to 30 sessions. The majority of studies have 
involved a total of 10 sessions. Based on more recent 
studies, a general trend indicates a greater number 
of sessions (> 10) associated with more persisting 
improvement in pain perception (Table 1). 

The total number of pulses in each rTMS session 
seems related to the analgesic effect, but it is not clear 
whether a minimum number of pulses is required to 
obtain the clinical outcome. Usually this value ranges 
between 1000 to 2000[1]. Moreover an important safety 
parameter as the intertrain interval (the time in bet
ween trains of pulsed energy when no stimulation is 
occurring) is usually about 10 s[1].

Coil 
Coil design and orientation are important. The “figure-
of-eight” coil is able to induce a focal magnetic field 
stimulating only superficial cortical regions of the 
brain[12]. Other novel models are the Tilted double-
coil and the Hesed (H)-coil, which drop at a depth of 
about 6 cm[12]. Specifically, the H-coil lets deep brain 
stimulation without significantly increasing induced 
fields in superficial cortical regions, therefore preventing 
the risk of adverse effects[65,66]. rTMS with the H-coil 
has already proved effective as an acute treatment 
for major depressive disorder, bipolar depression, 
schizophrenia and post-traumatic stress disorder[65,67-69]. 
Furthermore, there are ongoing studies of its use to 

treat a very wide range of neurological, psychiatric and 
medical conditions, including NP[28].

Placebo rTMS
Placebo effects need to be better reported[25]. Theori
cally, ideal placebo rTMS should be characterized by 
the same subjective somatic scalp sensation and 
the acoustic artifacts compared to active coil, and no 
physiological effect on the targeted cortical region[70]. 
In the early research, placebo was considered a coil 
placed in a different area from zone stimulated in the 
active condition, or a coil oriented with an angle of 
45-90 grades on the scalp instead of tangentially[1]. 
These solutions are not the most reliable, because the 
stimulation site could be perceived by the subject, or 
the sham location could cause unexpected effects[1,71]. 
In the last decades, sham coils have been projected 
and commercialized in order to block the magnetic field 
provided, and to produce auditory artifacts and scalp 
sensation equivalent to that of a real coil[72,73]. Although 
this stimulation ideally seems a perfect placebo, the 
cutaneous sensation remains different in about half of 
the cases, especially when the stimulation intensity is 
high[72,74].

CONSIDERATIONS ABOUT MECHANISMS 
OF ACTION OF rTMS
Although the TMS acts on the superficial cortex, the 
generated action potentials propagate influencing 
distant neural networks[12]. The M1 contains pyramidal 
cells that give rise to numerous excitatory corticospinal 
projections. Most of These projections are oriented 
perpendicularly to the brain surface. rTMS applycated 
on the M1 modulate the cortical excitability producing 
changes in the following physiological parameters: 
MT, MEP, silent period, intracortical facilitation, and 
intracortical inhibition[75]. In chronic pain, the involve
ment of M1 projections to pain-modulating structures 
has been demonstrated[23]. Moreover, a rationale for 
targeting other cortical areas exists. The DLPFC is a 
cortical target used in studies on major depression, and 
it is considered to have a function also in nociceptive 
control[43,61,76]. HF-rTMS on the right DLPFC has 
shown analgesic effects similar to M1 stimulation[46,77]. 
Furthermore, left DLPFC stimulation should induce an 
improvement of pain perception in a model of acute 
pain[43,78]. The left prefrontal cortex has been used in 
rTMS studies in patients with fibromyalgia, but it has 
shown a minor analgesic effect[63].

rTMS seems to modulate cortical plasticity, referred 
to as the functional reorganization of the inter neuron 
connections and neuronal properties. Inhibition of 
the gamma-amminobutyric acid (GABA) pathways 
produces cortical excitation, rather than a direct enhan
cement of motor cortex excitability[79-82]. On the other 
hand, low-frequency rTMS could increase the inhibi
tory corticospinal control, perhaps through GABA-B 
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transmission, prolonging the CSP duration[1,83-86]. The 
changes in synaptic plasticity brought by rTMS are 
explained by long term potentiation (LTP) and long term 
depression (LTD)[44]. LTP is induced by high frequency 
stimulation and LTD by low frequency stimulation. 
The LTP is mediated by the post-synaptic N-methyl-
D-aspartate (NMDA) receptors, that lead to calcium 
flux into the post-synaptic neuron when activated[45]. 
Calcium activates enzymatic changes in pre- and post-
synaptic neurons, increasing the synaptic activity. It 
also induces the expression of alpha-amino-3-hydroxy-
5-methyl-4-isoxazolepropionic acid (AMPA) receptors on 
the postsynaptic neuron, increasing the cells sensitivity 
to glutamate[87]. Furthermore, LTD is characterized by 
depression of the synaptic transmission, depending on 
the modulation of NMDA receptors with the reduction of 
calcium influx, and the internalization of AMPA[87].

The long lasting effect of rTMS (late-LTP) is thought 
to be exercised by gene induction and protein synt
hesis[87]. Gene expression has resulted in increased 
synthesis of c-fos mRNA in the thalamus and parietal 
cortex, and BDNF mRNA in the hippocampus and 
parietal cortex[88-90]. Considerable evidence from HF-
rTMS studies suggests that short-term synaptic plasticity 
happens at cortical rather than spinal level[91-94]. When 
rTMS is delivered in human subjects, the amplitude of 
the MEP and the duration of the CSP increases during 
the train[55,75,95-100]. The MEP facilitation also persists after 
the train ends, and it is probably due to the recruitment 
of cortical excitatory interneurons[55,75,92,94,99]. It is 
influenced by the number of stimuli in the train, being 
greater with longer (20, 40 and 60-stimuli), suggesting 
mechanisms of short-term synaptic enhancement[59,101]. 

rTMS has also been found to modulate the acti
vity of brain neurotransmitters, reducing dopamine 
in the frontal cortex and increasing its levels in the 
striatum[102]. Moreover, serotonin levels increased in the 
hippocampus[102]. All these aspects may explain why 
different rTMS protocols are effective or not, depending 
on various parameters of stimulation. Further, age, and 
genetic features could influence the clinical effect of 
rTMS, with heterogeneous therapeutic responses[1,103].

LIMITATIONS OF rTMS IN PAIN 
TREATMENT
The results of studies exploring the effects of rTMS 
on pain are positive but still inconsistent, because 
of small samples of patients, differences in the TMS 
methodologies, heterogeneous populations of patients 
and lack of maintenance protocols. In a Cochrane 
Review of 2013, a short-term effect on pain of HF-rTMS 
applied to M1 was confirmed[23]. Moreover, a detailed 
study to determine which are the best stimulation 
parameters, is targeted. Studies on image-guided 
navigation to perform rTMS of M1 in pain patients have 
provided evidence that the analgesic effect of rTMS links 
with the integrity of the thalamocortical tract[1,104,105]. 

Unfortunately, objective indicators of perceived pain, 
including MEP and RIII, were considered in only two 
studies neurophysiological[15,28]. New extended studies 
should improve knowledge in this field of research.

Further rigorously designed studies, particularly of 
longer courses of stimulation applied on large population 
of patients, are required to address the issue. Future 
evidence may significantly confirm the current results. 
The main question is whether the clinical effect could 
indeed improve the management of patients with 
chronic pain in daily clinical practice. 

FUTURE RESEARCH DIRECTIONS
The conclusions of our analysis, related to the actual 
literature data on rTMS for chronic pain, match with 
those suggested in previous reviews and meta-ana
lyses[1,6,17,23-25,32,106]. rTMS has become a promising 
therapeutic tool for a variety of neurological and 
psychiatric diseases[107]. Different types of NP respond to 
rTMS, and this is producing a fast growth in researchers 
interested in rTMS for clinical purposes[6,26,108-110]. 
Unfortunately at the current time in the lack of large 
studies, only careful recommendations of rTMS can be 
suggested[1,6]. The efficacy of a single HF-rTMS session 
persists for some days, and it could extend with the 
repetition of sessions[1]. Moreover, the best stimulation 
settings may be yet to determined. 

Studies including neurophysiological evaluation of 
the effects of the cortex TMS in other brain regions 
through the use of imaging and electrophysiologic 
techniques (such as electroencephalography, magne
toencephalography, MRI navigated TMS) could add 
value at the understanding of the mechanism of action 
of this technique[111]. New TMS machines have allowed 
the administration of pulses more focally and at higher 
frequencies. Moreover, frameless stereotactic systems, 
have been developed, permitting the identification 
of specific location in the desired brain target and 
the precise and comparable placing of the coil during 
different TMS sessions[112-114]. 

In future, therapeutic studies need to define the 
correct utilization of rTMS in the clinical practice for 
chronic pain, above all if the long-term effect exists. 
Moreover, studies of rTMS in other diseases associated 
with chronic pain, such as osteoarthritis, bladder pain 
syndrome and post-stroke pain, could be of interest. 
Finally, if rTMS becomes a proven method for the 
treatment of chronic pain, the development of a home-
based rTMS system will be necessary[115].

Active research in pain is still taking place and has 
the potential to provide useful data (31 open studies 
on TMS and pain on https://clinicaltrials.gov). Based 
on this new research, novel therapeutic guidelines 
may be established in future. Apart from its potential 
clinical role, rTMS is a valuable probe of brain function 
that can be used to investigate the neural circuitry. This 
additional knowledge might help in the development 
of new treatments. rTMS is non-invasive and can be 
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applied to any patient with drug-resistant NP who could 
be aspirant for the insertion of a cortical stimulator. In 
addition, further studies using maintenance sessions 
of rTMS and evaluating the multiple features of chronic 
pain are needed to give a more solid basis for its clinical 
applications.
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Abstract
Most of the orthodontic patients experience pain during 
treatment and this significantly influences their attitudes 
and the approach towards treatment. A number of 
factors that influence pain response include age, gender, 
personal pain threshold, mood and stress level of the 
person, cultural differences and types of orthodontic 

treatment. Pain is a often overlooked subject by ortho
dontists, it is nevertheless important to understand the 
source and mechanism of the pain that occurs during 
treatment, as well as the methods for managing and 
controlling this pain. This review attempts to overview 
the mechanism, duration and current management 
strategies of orthodontic treatment.

Key words: Orthodontic appliance; Pain mechanism; 
Orthodontic treatment; Pain; Pain management
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Group Inc. All rights reserved.

Core tip: Pain during orthodontic treatment is an impor
tant concern for both clinicians and patients. Although 
it is not possible to completely eliminate pain during 
orthodontic treatment, it is still necessary to understand 
its causes and to minimize it to the greatest extent 
possible.

Kartal Y, Polat-Ozsoy O. Insight into orthodontic appliance 
induced pain: Mechanism, duration and management. World J 
Anesthesiol 2016; 5(1): 28-35  Available from: URL: http://www.
wjgnet.com/2218-6182/full/v5/i1/28.htm  DOI: http://dx.doi.
org/10.5313/wja.v5.i1.28

INTRODUCTION
Pain is a commonly encountered sensation in daily hu­
man life that is usually difficult to describe or diagnose, 
and which often represents an important problem that 
must be addressed through a multidisciplinary approach 
encompassing all branches of medicine. 

Pain during orthodontic treatment is an important 
concern for both clinicians and patients[1,2]. Patient 
motivation and cooperation is an important factor in 
orthodontic treatment, while pain significantly influences 
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patient attitudes and the approach towards treatment. 
Studies indicate that 90% of orthodontic patients experi­
ence pain during treatment, and that 30% consider 
discontinuing or interrupting their treatment due to 
pain[3,4].

The study of Abu Alhaijaa et al[5] evaluated the 
relationship between personal characteristics, expec­
tation of pain, and treatment compliance, reporting that 
individuals who experienced less pain during treatment 
generally displayed a more positive attitude, and that 
those sufficiently informed about treatment procedures 
had less expectations of pain.

In another study, 95% of the patients reported 
that they experienced pain in different stages of their 
treatment, and that this inevitably affected their diet[6].

For these reasons, although pain is a subject that 
is often overlooked by orthodontists, it is nevertheless 
important to understand the source and mechanism of 
the pain that occurs during treatment, as well as the 
methods for managing and controlling this pain. 

Mechanism of pain
The International Association for the Study of Pain 
defines pain as “an unpleasant sensory and emotional 
experience associated with actual or potential tissue 
damage, or described in terms of such damage”. Pain 
also has a strong motivational component, in that it 
not only triggers a withdrawal reflex, but also induces 
a highly organized avoidance and evasive behavior[7]. 
The motivational aspect of pain is an essential function, 
without which it would be difficult - if not impossible - 
for the human body to protect and sustain itself[7].

In orthodontic treatments, the force transmitted by 
appliances allows the movement of the teeth within the 
alveolar bone[8]. However, this movement also has the 
effect of causing the compression and inflammation of the 
blood vessels and nerves within the periodontium. The 
perception of orthodontic pain is associated with changes 
in blood flow that occur due to inflammatory reactions 
following the application of force[9]. Studies indicate that 
periodontal pain consists of a combination of pressures, 
ischemia, inflammation, and oedema[10]. Davidovich 
and Shanfeld have reported that the application of force 
leads to acute inflammation, which, in turn, results in 
periodontal vasodilation and the sensation of pain[11]. 
It is known that the development of hyperalgesic 
resistance is associated with the release of various 
chemical mediators[12,13]. Studies have shown that the 
chemical mediators involved in the development of the 
hyperalgesic response include histamine, substance P, 
encephalin, dopamine, serotonin, glycine, glutamate 
gamma-amino butyric acid, prostaglandins (PGs), 
leukotriene, and cytokines[9,12,13]. The studies in the 
literature concerning the increase in the level of these 
mediators have also demonstrated that the hyperalgesic 
response occurs following the application of force[9,14,15]. 
Recent studies have investigated the molecular basis 
of orthodontic pain by evaluating subjects such as the 
elevation in the level of various neuropeptides[9].

Kato et al[16] previously investigated in rats the 
distribution of the neurofibrils within the PDL [such as 
the neurofilament protein (NFP), calcitonin gene-related 
peptide (CGRP), vasoactive intestinal polypeptide and 
neuropeptides Y] following the application of force on 
the first molar. Three days after the application of force, 
they observed that the level of neurofibrils consisting of 
NFP and CGRP increased in both the compressed and 
strained sides, and that these levels returned to normal 
on the 14th day[9,16].

Studies indicate that substance P - a sensory neuro­
peptide released from the peripheral nerve ends - and 
CGRP both regulate the secretion of proinflammatory 
cytokines released by monocytes, such as IL-1β, IL-6, 
and TNF-α[15,17,18]. Yamaguchi et al[19] determined that 
the level of three major cytokines (IL-6, IL-8, and TNF-α) 
released from the human dental pulp cells increased 
significantly in the 12 h following the application of 
mechanical force. They also reported that major neuro­
peptides, such as proinflammatory cytokines, might be 
involved in pulpal inflammation during orthodontic teeth 
movement.

Duration of pain
The time of onset and duration of orthodontic pain 
was similar in most studies, with patients generally 
beginning to experience discomfort four hours after the 
application of orthodontic force[20]. In a study using the 
Visual analogue scale (VAS) to evaluate the level of pain 
that developed following the placement of separators, 
the highest intensity of pain was observed on the 
second day, while the pain fully subsided by the fifth 
day[21]. Nearly half of the patients evaluated during this 
study were compelled to change their diet habits and to 
use analgesics.

In a study using the VAS to evaluate pain in patients 
with arch wire and separators placed between their 
molars, Wilson et al[20] reported that pain generally 
began four hours after the application of force, reaching 
its highest level 24 h later, and almost fully disappearing 
by the seventh day. On the other hand, Tuncer et al[22] 
described that pain began two hours following the 
application of orthodontic elastics, reaching its highest 
level six hours later, and almost fully disappearing by 
the second day.

A previous study reported that although pain ended 
in most patients on the seventh day following the 
application of orthodontic force, 25% of the patients 
still continued to experience a certain level of pain[23]. 
The results of the said study indicated that orthodontic 
pain began two to six hours following the application 
of orthodontic pain, reaching its maximum level within 
the first two days, and then gradually decreasing until it 
completely disappeared by the seventh day. 

FACTORS AFFECTING ORTHODONTIC 
PAIN
Pain is a subjective finding, and different individuals may 
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display different pain responses to the same stimulus. 
There are a number of factors that are responsible for 
these differences in response. The main factors that 
influence pain response include age, gender, personal 
pain threshold, mood and stress level of the person, as 
well as cultural differences and the person’s previous 
pain experiences[1,4,9,24,25].

Age
As orthodontic treatments generally involve different 
therapeutic procedures for different age groups, making 
comparisons regarding the effect of age is difficult, with 
studies on this subject generally providing somewhat 
contradictory results. However, Ngan et al[26] previously 
reported that there were no statistically significant 
differences between adolescents and adults regards to 
pain. On the other hand, in their comprehensive and 
large-scale study on pre-adolescents, adolescents, 
and adults, Moerenhout and Brown[27] reported that 
adolescents exhibited higher levels of pain.

In recent years, there is a growing consensus that 
the relationship between pain and age should be eva­
luated by also taking into account the effect of age, 
since this relationship appears to be particularly affected 
by adolescence. Sandhu and Sandhu[28] determined in 
their study that girls between the ages of 14 and 17 
experienced the highest levels of pain during orthodontic 
treatments. These authors emphasized that due to their 
synergistic interaction, the effects of age and gender on 
the level of pain during orthodontic treatment should be 
evaluated together rather than separately[28].

These contradictory and conflicting results appear 
to stem not only from the fact that different orthodontic 
treatment methods are generally used for different age 
groups, but also from the fact pain is a multifactorial 
element that can be affected by gender differences, 
as well as the psychological and emotional state of the 
patients. 

Gender
Similar to age, gender is another factor that is unlikely 
to provide accurate assessments when used indepen­
dently to evaluate pain. This is because even within the 
same gender, factors such as age group and cultural 
differences can significantly affect the level of pain 
that is experienced. Certain studies report that while 
there are no statistical differences between males 
and females within the 11-14 age group, a significant 
difference begins to be observed within the 14-17 
age group. This change is reported to be associated 
with the hormonal changes experienced by females 
during adolescence[28,29]. Cultural differences similarly 
appear to cause significant variations in study results 
regarding the relationship between pain and gender. In 
a study evaluating the pain response of both male and 
female individuals, it was observed females generally 
found it easier to express and describe the pain they 
experienced compared to males[30]. These contradictory 

results indicate that the perception of pain is affected 
not only by physiological differences, but also by cultural 
factors[31].

Although certain studies evaluating the effect of 
gender on orthodontic pain describe that females exhibit 
higher levels of pain than males[6,32,33], most studies 
from the orthodontics literature have not identified a 
gender-related difference in the perception of pain[34-37].

Emotional state
Dental anxiety ranks fifth among the objects and situa­
tions that are the most common sources of anxiety[38]. 
A study conducted by Hamurcu[39] compared the 
intensity of pain experienced with their level of anxiety, 
and determined that patients exhibiting higher anxiety 
scores also experienced more pain.

In a study comparing the level of pain experienced 
by patients at the beginning of orthodontic treatment 
with their personal characteristics, Bergius et al[40] deter­
mined that individuals with dental anxiety experienced 
higher intensities of pain. A similar study observed that 
anxiety reduced the pain threshold, causing patients to 
perceive even the simplest procedures as painful[41].

THE EFFECT OF THE TYPE OF 
ORTHODONTIC TREATMENT ON PAIN
Orthodontic separation
Orthodontic separation is a method applied prior to 
the placement of an orthodontic band, and is usually 
associated with significant pain for the patients[9,21,26,42]. 
In another study performed on 55 patients, 87% of the 
patients described pain following the placement of an 
orthodontic separator, while 72% required analgesics[37]. 
In a study evaluating motor and sensory changes 
following the placement of a separator by using an 
electromyograph (EMG), Michelotti et al[43] observed 
a decrease in the pain threshold and motor output of 
the chewing muscles, and suggested that this was a 
protective mechanism to prevent further damage to the 
injured area.

Dental archwire placement and activation
The pain that develops following the initial placement of 
an archwire has been the subject of numerous studies. 
These studies generally report that most patients begin 
to experience pain four hours after the application of the 
arch, with the level of pain reaching its peak within the 
first 24 h, and then gradually decreasing[6,26,32,34,42,44,45].

No statistically significant differences have been iden­
tified between the perception of pain and the intensity, 
prevalence, and duration of the archwire usage[34,46,47]. 
In a study comparing the super-elastic nickel titanium 
wires with helical stainless steel wires, Sandhu et al[48] 
reported no statistically significant differences in the 
level of pain experienced with these two wires. However, 
they suggested that the super-elastic wire caused more 
pain during the hours when the level of pain reached 
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conventional brackets with respect to pain, and deter­
mined that self-ligating brackets caused significantly 
more pain. In contrast to Bertl et al[58], Tecco et al[59] 
suggested that conventional brackets lead to stronger 
and more persistent pain, while self-ligating brackets 
tended to cause pain mainly during chewing and biting.

Orthopedic forces
The main purpose of craniofacial orthopedics is to 
bring skeletal changes by applying significant forces to 
the craniofacial complex. Various publications report 
the occurrence of pain during rapid palatal expansion 
applied for the transversal skeletal development of the 
maxilla[60-62]. In such cases, patients generally describe 
a sensation of pain spreading across the craniofacial 
area[9].

Headgear applications represent another treatment 
method used during the development stages of children 
to bring about skeletal and dental modification. Studies 
have demonstrated that patients with such appliances 
generally begin to experience pain approximately 24 h 
after initial application, with the sensation of pain and 
discomfort gradually decreasing after the 3rd day[63,64].

Egolf et al[65] have reported that nearly 28% of 
patients using orthodontic elastics and headgear 
discontinue to wear them due to pain. Ngan et al[64] 
previously examined the chewing muscles of protraction 
headgear patients by using EMG, and determined 
that the pain associated with the orthopedic devices 
originated not from the muscle tissues, but instead from 
the acute inflammation caused by the accumulation of 
forces in the sutural areas.

Skeletal anchorage systems
Recently, skeletal anchorage systems are being used 
for absolute anchorage. These devices can be grouped/
classified as “mini-plate” and “mini-screws”. Zawawi[66] 
reported that patients with mini-screw implants 
reported significantly less pain; that 32.5% of patients 
receiving mini-screw implants did not require any 
medication; that 59.1% of these patients only required 
a single-dose analgesic; and that patients generally 
preferred mini-screws instead of extraction. 

Kuroda et al[67] previously compared the level of 
pain experienced with mini-plate and mini-screws. 
No significant differences were observed in terms of 
perceived pain levels between mini-plates and mini-
screws inserted through incisions, while a significant 
difference was observed when mini-plates and mini-
screws were implanted without using incisions, with 
the mini-plates resulting in noticeably more pain[67]. In 
agreement with Kuroda et al[67]’s findings, Kawaguchi 
et al[68] demonstrated that implanting mini-plates 
without using incisions resulted in three times greater 
pain than placing mini-screws without incisions. The 
abovementioned studies have generally suggested 
that the main causes of pain during the application of 
skeletal anchorage systems could mainly be associated 

its peak (between the 12th and 24th h), and that was 
probably due to the greater force applied by this type of 
wire. Although the current literature indicates that the 
application of either strong or weak forces by the wires 
does not lead to a significant difference in terms of the 
resulting level of pain, Sandhu’s study nevertheless 
suggests that higher forces result in higher IL-1 beta 
concentrations, and that this engenders a difference in 
the level of pain observed during the peak period[48]. 
Ogura et al[49] similarly performed comparisons between 
weak and strong forces, and determined that during the 
period of maximum pain levels, biting while the teeth 
were exposed to stronger forces lead to higher levels of 
pain.

Previous studies evaluating the activity of chewing 
muscles following arch activation by using EMG iden­
tified a decrease in the masseter muscle activity, which 
is believed to be responsible for the reflex mechanism 
for avoiding harmful stimuli[50-52]. Murdock et al[44] and 
Erdinç et al[34] have reported that patients report greater 
pain in the posterior teeth than their anterior teeth 
during the leveling stage and chewing. In sum, most 
studies indicate that arch placement and activation can 
lead to pain, and adversely affect the daily activity and 
diet habits of patients[9].

Type of appliance
The level of pain caused by different types of appliances 
during orthodontic treatments has been evaluated in 
many studies. In studies comparing fixed and remov­
able appliances, Oliver and Knapman[1] identified no 
significant differences between these two types of 
treatments, while Sergl et al[25] and Gianelly et al[53] 
reported that treatment with fixed appliances resulted 
in greater pain.

Various comparisons have been performed between 
fixed orthodontic treatments applied using different 
methods. Wu et al[54] and Caniklioglu et al[55] have 
performed comparisons between labial and lingual 
appliances, and reported no statistically significant 
difference with regards to the total level of perceived 
pain associated with these appliances. However, they 
also described greater pain on the tongue among 
patients who received lingual appliances, as well as 
greater pain on the lips and cheeks among patients who 
received labial appliances[54,55]. A recent study compared 
the application of a fixed labial appliances with the 
Invisalign® and determined that Invisalign® caused less 
pain[56].

Shalish et al[57] have evaluated and compared the 
fixed lingual treatment, fixed labial treatment and Invi­
salign® treatment in adult patients, and determined that 
the most pain and general oral dysfunction occurred 
in the lingual apparatus group; that Invisalign® caused 
significant pain in the first day of treatment; and that 
Invisalign® was similar to conventional labial techniques 
in terms of general oral dysfunction[57]. 

Bertl et al[58] have examined self-ligating brackets and 
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with sutures, periosteal separation, and incisions.

Debonding
Many patients also describe pain when removing their 
fixed appliances. Various studies have shown that 
applying intrusive forces during the debonding of fixed 
appliances reduced the level of pain experienced. These 
studies have therefore recommended applying finger 
pressure, biting a cotton roll, or using an occlusal wax 
layer during the removal process in order to reduce 
pain[69,70].

PAIN MEASUREMENT
It is important that pain is measured by the use of stan­
dardized pain scales and by using common language 
due to its complex and subjective nature. Unfortunately, 
objective assessment methods are still developing 
and subjective assessment is still the commonly used 
method. As the pain perception varies among indivi­
duals, it is important to take the patients’ own report 
into consideration. Ideally, a pain intensity scale must 
have a low rate of incorrect responses, should be 
easy to administer, and be sensitive with an adequate 
number of response categories and be statistically 
powerful to detect treatment effects.

VAS is considered to be superior to other pain scales 
in terms of reproducibility and ease of measurement. 
VAS is a numeric scale and consists of a horizontal or 
vertical 100 mm line that has “no pain” and “worst pain” 
labels on two endpoints; the patient is asked to mark 
on the line to show the degree of pain experienced. 
The distance between the low end of the scale and the 
patient’s mark is used as the index of pain intensity[8]. 

MANAGEMENT AND CONTROL OF 
ORTHODONTIC PAIN 
Although it is not possible to completely eliminate pain 
during orthodontic treatment, it is still necessary to 
understand its causes and to minimize it to the greatest 
extent possible. It is therefore important to take into 
consideration and avoid overlooking the patient’s com­
plaints during the treatment process, and to inform 
them beforehand about the pain the treatment may 
cause. A study performed by Krukemeyer et al[4] deter­
mined that orthodontists tend to ignore or dismiss the 
pain caused by the treatment, and that they generally 
expect a lower level of pain and medication use than 
the level reported by patients. Krukemeyer et al[4] 
also reported a general lower-than-necessary amount 
of medication use. Abu Alhaijaa et al[5], on the other 
hand, reported that patients sufficiently informed 
about the treatment process had a lower medication 
requirements.

Nonsteroidal anti-inflammatory drugs (NSAIDs) 
are usually the medication of choice in orthodontics to 
alleviate mild and moderate pain and inflammation, 

although there is no standard protocol concerning 
the application of NSAIDs. Many drugs such as 
acetaminophen, ibuprofen, aspirin, and flurbiprofen 
have been used and determined to be effective in the 
management of orthodontic pain[71-76]. However, a 
number of previous studies have suggested that PGs, 
and especially prostaglandin E2 and prostaglandin E1, 
can affect bone remodeling and teeth movement[14,77-80]. 
Nevertheless, the general consensus in orthodontic 
pain management is that the application of a low-dose 
analgesic during the first days of treatment will not 
have a clinically significant effect on the movement 
of the teeth. Another point that needs to be taken 
into consideration during orthodontic treatment is the 
possibility that teeth movement might be affected in 
patients who have been regularly receiving NSAIDs 
for a long period of time due to a systemic condition. 
In such cases, acetaminophen should be preferred 
because it provides sufficient analgesia without affecting 
teeth movement[8].

In recent times, there has been an increasing focus on 
preventing the development of a pain memory through 
preemptive drug administration. Steen Law et al[76] 
previously assessed the effect of ibuprofen and placebo 
administered one hour prior to separator application, and 
determined that the ibuprofen administration significantly 
reduced the pain experienced by the patients. Polat and 
Karaman[72] similarly conducted a comprehensive study 
evaluating the administration of five different medication 
(placebo, ibuprofen, flurbiprofen, acetaminophen, 
naproxen sodium, and aspirin) one hour before and 
six hours after bracketing procedures. The lowest pain 
scores were observed in the naproxen sodium and 
aspirin groups, while the highest pain scores were 
observed in the acetaminophen group[72]. In another 
study of the same authors, a single preoperative dose of 
placebo, ibuprofen and naproxen sodium was applied, 
and - in agreement with the findings of their previous 
study - lower levels of pain were reported during the first 
day in the naproxen sodium group. However, the authors 
also described that a single-dose application was not 
sufficient, and that additional postoperative doses were 
also necessary[42]. 

Non-pharmacological methods used for pain ma­
nagement include transcutaneous electrical nerve 
stimulation (TENS), laser applications, vibration, and 
chewing apparatuses. Profitt described that the use of 
chewing gum or biting blocks during application would 
help reduce pain[81]. This theory was investigated by 
Mohri et al[82] by evaluating the relationship between 
chewing and the serotonergic (5-HT) neurons res­
ponsible for nociceptive transmissions. Mohri et al[82] 
determined that the rhythmic behavior of chewing 
indeed suppressed the nociceptive response. Hwang et 
al[83] similarly determined that biting blocks reduced pain 
in 56% of their patients; however, they also observed 
that in other patients, biting blocks had the effect of 
increasing the experienced pain. Murdock et al[44], on 
the other hand, compared the effect of analgesics and 
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biting blocks, and determined that these apparatuses 
were as effective as analgesics, and that they represent 
a good option for adolescents.

Laser - a highly popular technological application in 
recent times - is also being used in the management 
of orthodontic pain. Fujiyama et al[84] reported that CO2 
laser applications are able to reduce orthodontic pain 
without affecting teeth movement. In another study, 
comparisons were performed between a low-energy 
gallium-arsenic-aluminum laser (LLLT) group, a placebo 
group, and a control group following the implantation 
of an arch wire. The study determined that the LLLT 
and placebo groups both experienced significantly less 
pain, although the difference between these two groups 
was not significant[85]. Although numerous alternative, 
non-pharmacological methods are being used for the 
management of orthodontic pain, it is known that 
pharmacological methods still represent the most 
effective approach. 

CONCLUSION
Although it is not possible to completely eliminate pain 
during orthodontic treatment, it is still necessary to 
understand its causes and to minimize it to the greatest 
extent possible. It is therefore important to take into 
consideration and avoid overlooking the patient’s com­
plaints during the treatment process, and to inform them 
beforehand about the pain the treatment may cause. 
During pain management, medication that ensures the 
maximum reduction of pain with the minimum side 
effects should be administered by employing the most 
effective methods. In particular, the decision regarding 
the choice of medication or approach for reducing pain 
should not be left to the patient’s relatives. Although 
there are no controlled studies supporting low-energy 
laser and TENS applications, further studies and growing 
interest on these techniques might eventually bring a 
new dimension to orthodontic pain management. 
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Abstract
We agree with the editorial published by Feng et al  
concerning the insufficient routine monitoring of tracheal 
tube cuff pressure (TTCP) by anesthesiologists, and 
propose an improvised technique that can facilitate and 
promote such routine monitoring by intensive care staff 
who attend to patients receiving mechanical ventilation. 
Insufficient monitoring of tracheal cuff pressure has 

also been documented for intensive care unit nurses. 
Measurements of cuff pressure are beneficial when used 
in management of air leakage around an endotracheal 
tube, and can be easily obtained with the aid of a 
personalized and simple technique performed using 
materials that are readily available in all hospitals. 
Other investigators have previously demonstrated the 
usefulness of employing an improvised technique. We 
considered that possible disadvantages are similar to 
those encountered when using standardized equipment. 
With our improvised technique, we seek to promote 
among the nursing staff the determination of the TTCP 
in intubated patients to reduce the risk of related 
medical complications. 

Key words: Endotracheal tube; Mechanical ventilation; 
Cuff pressure; Improvised devices; Nursing practice
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Core tip: This letter to the editor supports an opinion 
expressed in an article recently published in the World 
Journal of Anesthesiology . In that article, Feng et al   
mentioned that despite evidence suggesting its bene
fits, anesthesiologists often do not measure a patient’s 
endotracheal tube cuff pressure. We suggest an impro
vised and personalized technique that can be employed 
to facilitate taking such measurements on a routine 
basis in the setting of an intensive care unit with limited 
resources. 

Flores-Franco RA. Improvised technique for measuring tracheal 
tube cuff pressure. World J Anesthesiol 2016; 5(1): 36-37  
Available from: URL: http://www.wjgnet.com/2218-6182/full/
v5/i1/36.htm  DOI: http://dx.doi.org/10.5313/wja.v5.i1.36

TO THE EDITOR
We read with great interest the editorial written by Feng 
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et al[1], which stated that despite evidence supporting 
the benefits of monitoring tracheal tube cuff pressure 
(TTCP), such monitoring is not routinely performed in 
clinical practice. We support the point of view expressed 
by those authors, and believe it would be also applicable 
when monitoring patients in intensive care units (ICUs). 
Surveys performed in other centers have revealed that 
approximately 50% of nurses working in adult ICUs do 
not routinely determine TTCP, even when an audible 
air leak is detected[2]. Unlike air leakage resulting 
from structural damage, air leakage accompanied 
by normal or elevated TTCP can result from partial 
tracheal extubation, inadvertent intratracheal placement 
of the gastric tube, high mean airway pressure or a 
discrepancy between diameters of the endotracheal 
tube and trachea[3].

The high cost and limited availability of equipment 
specifically designed to measure cuff pressure makes 
such measurements difficult to perform on a routine 
basis in our ICUs. To overcome this problem, we 
have designed a simple technique for measuring cuff 
pressure that can be performed with readily available 
materials. When using this technique, a 1 mL syringe 
is interposed between a blood pressure manometer 
and the pilot balloon of the endotracheal tube (Figure 
1). Optionally, a 3-way stopcock can also be interposed 
to add or remove air, and achieve the desired pressure 
level.

An additional advantage of this technique is that 

the required materials can be easily disposed of 
after their use, and thus the risk of transmitting an 
infection is minimized. On the other hand, one possible 
disadvantage is that a small loss of air volume may 
occur while handling the pilot balloon; however, this can 
also occur when using more expensive equipment. 

The effectiveness of using an improvised technique 
to determine TTCP has previously been demonstrated 
by other authors, who reported results comparable 
with those achieved when using standard equipment, 
and even better results than those achieved using the 
pilot balloon palpitation technique[4]. Thus, we believe 
that our simple and practical method may strengthen 
protocols which call for measurements of TTCP in 
hospitals with limited resources. 
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Figure 1  Simple and practical technique used for determining endotracheal tube cuff pressure at our institution. 
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Abstract
Fifteen percent to forty percent of patients present with 
persistent disabling neck pain or radicular pain after 
cervical spine surgery. Persistent pain after cervical surgery 
is called cervical post-surgery syndrome (CPSS). This 

review investigates the literature about interventional 
pain therapy for these patients. Because different 
interventions with different anatomical targets exist, 
it is important to find the possible pain source. There 
has to be a distinction between radicular symptoms 
(radicular pain or radiculopathy) or axial pain (neck 
pain) and between persistent pain and a new onset of 
pain after surgery. In the case of radicular symptoms, 
inadequate decompression or nerve root adherence 
because of perineural scarring are possible pain causes. 
Multiple structures in the cervical spine are able to cause 
neck pain. Hereby, the type of surgery and also the 
number of segments treated is relevant. After fusion 
surgery, the so-called adjacent level syndrome is a 
possible pain source. After arthroplasty, the load of the 
facet joints in the index segment increases and can 
cause pain. Further, degenerative alterations progress. 
In general, two fundamentally different therapeutic 
approaches for interventional pain therapy for the 
cervical spine exist: Treatment of facet joint pain with 
radiofrequency denervation or facet nerve blocks, and 
epidural injections either via  a transforaminal or via  an 
interlaminar approach. The literature about interventions 
in CPSS is limited to single studies with a small number 
of patients. However, some evidence exists for these 
procedures. Interventional pain therapies are eligible as 
a target-specific therapy option. However, the risk of 
theses procedures (especially transforaminal epidural 
injections) must be weighed against the benefit.

Key words: Post-surgery syndrome; Neck pain; Cervical 
epidural injections; Cervical interlaminar injections; 
Cervical transforaminal injections; Cervical facet joint 
pain; Cervical radiofrequency neurotomy; Facet joint 
nerve block; Epidural steroids; Local anesthetics
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cervical post-surgery syndrome. Persistent pain after 
cervical surgery is a common problem. Interventional 
therapies are specific therapy options which are well 
investigated for patients with neck pain and radicular 
symptoms. Unfortunately, only single studies for pati
ents with post-surgery syndrome exist. These studies, 
the different approaches (radiofrequency, facet joint 
nerve blocks, transforaminal and interlaminar epidural 
injections), and pain sources for patients after cervical 
surgery are discussed.

Klessinger S. Interventional pain therapy in cervical post-surgery 
syndrome. World J Anesthesiol 2016; 5(2): 38-43  Available 
from: URL: http://www.wjgnet.com/2218-6182/full/v5/i2/38.htm  
DOI: http://dx.doi.org/10.5313/wja.v5.i2.38

INTRODUCTION
The indications for cervical spine surgery for degenerative 
findings are relatively well described as radiculopathy 
or myelopathy with compression of the nerve roots or 
spinal cord, or instability[1,2]. The most common surgical 
interventions are intersomatic decompressions and 
fusion with a cage with or without additional anterior 
instrumentation[2-7]. However, some patients who under
go spinal surgery continue to suffer pain. Persistent 
pain after cervical surgery is called cervical post-surgery 
syndrome (CPSS), and can incur increased costs to the 
healthcare system[8]. CPSS occurs irrespective of the 
type of surgery and despite the best endeavors of the 
surgeon[9]. CPSS is a cluster of clinical findings. The result 
fails to achieve the expected outcome of the surgery by 
both the patient and the surgeon[8].

To develop therapeutic strategies for the patient 
with CPSS and for a specific treatment, it is important 
to define the source of postsurgical pain[8,10,11]. Whether 
conservative management, interventional pain therapy 
or revision surgery are adequate depends on the cause 
of the pain. The rate of reoperations after the treatment 
of degenerative cervical spine disorders is 13.4%[2]. 
Indications for revision surgery are pseudarthrosis, 
adjacent segment degeneration, inadequate decom
pression, instability, and deformity[1,3]. If there is no 
indication for revision surgery or if there is a need to 
avoid surgery, interventional therapies are an option. 
Interventional pain therapy is a specific treatment for 
an expected pain source. Two different therapeutic 
approaches exist: (1) facet joint pain (the facet joints 
are the pain source) can be treated with medial branch 
blocks (MBBs) and radiofrequency (RF) neurotomy[12-15]; 
(2) epidural injections are used to treat radicular pain 
and chronic neck pain of discogenic origin (a disc is the 
pain source). They are performed either by interlaminar 
or transforaminal approaches[16].

While several studies about the prevalence and 
therapy modalities for the failed back surgery syndrome 
of the lumbar spine exist[17,18], the literature about CPSS is 

sparse. This review provides an overview of the available 
literature about interventional pain therapy for CPSS.

Prevalence
Fifteen percent to forty percent of patients after cervical 
spine surgery present with persistent disabling neck 
pain. Only two studies have revealed the prevalence 
of persistent neck pain in CPSS. In a study with 251 
patients with persistent neck pain (45 post-surgery 
vs 206 nonsurgical), the prevalence of cervical facet 
joint pain was calculated after controlled, comparative 
blocks with local anesthetics with 80% pain relief as 
the threshold for a positive response. The positive re
sponse rate was 36%[8]. This retrospective evaluation 
demonstrated a similar prevalence of facet joint pain in 
postsurgical and non-surgical patients. Another study 
of 242 patients with persistent neck pain after cervical 
spine surgery demonstrated a 13% prevalence of facet 
joint pain[10], using a criterion of 80% pain relief after 
controlled MBBs was the criterion. The extent of surgery 
and a higher number of levels treated are risk factors 
for facet joint pain after surgery[2,10].

The main indications for primary cervical spine 
surgery are nerve root or spinal cord compression or 
instability[1]. Excellent results can be achieved for this 
indications[1]. However, if the indication for surgery is 
expanded to axial neck pain, the number of good to 
excellent results for fusion decrease to only 70%[1,3]. 
Thus, cervical spine surgery for axial neck pain will fail 
more often. Most patients with CPSS will suffer from neck 
pain.

Pain sources
In cases of intra-operative complications, the problem, 
and therefore, the pain source is often known. Possible 
causes are dislocation of the cage or failure of the 
implant, inadequate decompression or iatrogenic in
stability or deformities (incorrect alignment, kyphosis)[1]. 
These etiologies are the most frequent reasons for 
revision surgery[1]. It is necessary to distinguish between 
complications and patients with complaints despite op
timal surgery. Often, it is challenging to discover the pain 
sources in patients after unremarkable surgery.

To detect the etiology of the persistent or new pain 
after surgery, it is important to determine whether the 
pain differs from the preoperative pain or if the com
plaints are exactly the same as before surgery. It is also 
necessary to elucidate whether the patient experienc
ed a pain-free interval after surgery or if the pain was 
persistent. The difference between radicular symptoms 
and axial pain, which are distinct entities[19], is very im
portant.

If there is persistent radicular pain after surgery, 
an inadequate decompression of the nerve root or 
nerve root adherence because of perineural scarring are 
possible causes[1,3,8]. A recurrent disc herniation after 
complete removal of the disc and interbody fusion is not 
typical; however, retention of disc material or ligament 
and, of course, disc herniation in an adjacent level are 
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conceivable. In particular, in cases with radiculopathy 
(sensory loss or motor weakness) further diagnostics 
including magnetic resonance imaging are necessary. 
This also applies to the new onset of radicular symptoms 
or the new onset of a radiculopathy.

A common situation is excellent relief of the radicular 
symptoms but new or persistent axial pain. Multiple 
structures are able to cause neck pain, including the 
intervertebral disc, facet joints, ligaments, fascia, and 
muscles, which are capable of transmitting pain[8,16]. The 
type of surgery and the number of segments treated 
are relevant. In a review of 900 patients, anterior 
decompression with fusion and anterior instrumentation 
in one or two levels showed the lowest revision rate 
(11%) compared with a 32% revision rate after multi-
level corpectomy with posterior instrumentation[2]. The 
influence of the fusion length on the revision rate was 
high[2]. Similarly, the prevalence of facet joint pain in 
patients with CPSS was significantly higher after double 
level fusions compared to single level surgery[10].

The anterior approach is most common[1-7]. An alter
native to an interbody fusion with or without anterior 
instrumentation is the implantation of a disc prosthesis. 
After interbody fusion, the so-called “adjacent level 
syndrome” (the pain source is located not in the level of 
surgery, but in the adjacent level above or below) is a 
possible pain source[1,8,10]. There is no range of motion in 
the index level after fusion, which has to be compensated 
by an increase in motion at the adjacent segments[20]. 
Therefore, the incidence of disc degeneration in adjacent 
levels is increased[21-23], and changes in the load on the 
facet joints occur[21]. Especially during extension the force 
in the adjacent joints increases significantly, for which 
reason the joint capsules are stretched whereby pain 
can be provoked[24,25]. In contrast, after arthroplasty with 
implantation of a disc prosthesis, the range of motion 
in the index segment increases (most prosthesis use a 
ball-socket joint). The continuing movement in the index 
segment protects the adjacent segments from overload; 
however, the forces on the facet joints increase in the 
index level, especially if the center of rotation of the 
prosthesis is not in the ideal position[10,26]. Many of these 
etiologies are interrelated and arise from biomechanical 
derangement at the facet joints[8], potentiated by infla­
mmation[3].

Furthermore, degenerative alterations of the spine 
can often not be changed by surgery. Particularly, the 
degeneration of adjacent levels can remain a painful 
condition as the underlying degenerative disease pro
gresses[10]. Another reason for CFSS is poor decision 
making or an inadequate indication for surgery[1].

INTERVENTIONAL THERAPY
Generally, two fundamentally different therapeutic app
roaches in interventional pain therapy for the cervical 
spine exist: Treatment of facet joint pain (MBBs and RF 
neurotomy) and epidural injections (transforaminal and 
interlaminar). 

The rationale of cervical medial branch thermal RF 
neurotomy is to achieve pain relief by coagulating the 
medial branch, which conducts the pain, and, thereby, 
interrupting the nociceptive pathways[10,27]. The only pre
requisite is that the pain is mediated by a cervical medial 
branch. Therefore, the indication for RF neurotomy is 
analgesic response to comparative (or controlled) diag
nostic MBBs[12,27]. MBBs are a diagnostic procedure to 
test whether the pain is mediated by one or more of 
the medial branches[28]. The nerve is anesthetized with 
a small volume of local anesthetic under fluoroscopic 
control. Sometimes, MBBs are used in a therapeutic 
intention; steroids are added to the local anesthetic to 
treat inflammatory processes[10-12,29-31]. Cervical epidural 
injections are used to treat radicular pain from a herniated 
disc or a spinal canal stenosis, but also to treat chronic 
neck pain of discogenic origin[3,10,32]. Either transforaminal 
or interlaminar approaches are used.

The recent literature about cervical interventions 
in patients with CPSS provides some evidence, but is 
limited to single studies with a small number of patients 
(Table 1). 

Thermal RF neurotomy and MBBs
Different forms of RF for spinal pain exist and can be 
confused with medial branch thermal RF neurotomy. Some 
techniques are not anatomically valid and do not produce 
effective thermal lesions, others use different techniques 
like pulsed-RF[15]. A recent review about cervical thermal 
RF lesions[15] has taken these differences into account; 
comprising only the indication and technique as described 
in the guidelines of the International Spine Intervention 
Society[27,28]. Earlier studies validated the technique and 
became the basis for the guidelines[33-35]. Thermal medial 
branch neurotomy is only done if the facet joint pain is 
diagnosed definitively by comparative MBBs. The face 
validity, construct validity and predictive validity has 
been demonstrated[36-38] for comparative MBBs. Engel 
et al[15] included six observational studies[14,33-35,39,40] and 
two explanatory studies[41,42]. Evidence shows that 63% 
of patients are pain-free 6 mo after RF and 38% are 
pain-free at one year. This effectiveness is dependent on 
the type of RF procedure and cannot be generalized for 
different techniques[15].

Only one study (Table 1) exists evaluating the eff
ectiveness of thermal RF neurotomy in patients with 
CPSS[10]; overall, 32 patients were treated. Facet joint 
pain was diagnosed with single MBBs and 80% pain 
relief as a positive response. Here, 59% of the treated 
patients achieved at least 50% pain relief and 25% of 
the patients complete pain relief with a mean follow-
up time of 15 mo. It has to be taken into account that 
patients might have different pain sources at the same 
time after surgery. Therefore, 59% satisfying pain relief 
is important for patients with a diagnosis for which there 
are few specific therapy options[10].

Although MBBs are actually a diagnostic tool, facet 
joint nerve blocks are sometimes used in a therapeutic 
intention[10-12,29-31], because some studies show en

Klessinger S. Pain therapy in cervical post-surgery syndrome
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couraging results[29,30]. A recent study[31] reveals Level 
Ⅱ evidence for the long-term effectiveness of facet joint 
nerve blocks in managing cervical facet joint pain. In a 
single study (Table 1) of 104 patients with CPSS, 53% of 
the patients treated with facet joint nerve blocks, using 
local anesthetic and a steroid, reported a satisfying result 
after single injection[11].

Epidural injections
The evidence for cervical epidural injections is a subject 
of debate and depends on, whether an interlaminar or a 
transforaminal approach was chosen. For the interlaminar 
approach, a recent review[43] including eight randomized 
controlled studies[3,44-50] was performed. The evidence for 
the management of a cervical disc herniation, discogenic 
pain, or spinal canal stenosis is Level Ⅱ (evidence from at 
least one relevant high quality randomized controlled trial 
or multiple relevant moderate or low quality randomized 
trials)[43]. For the transforaminal approach, the review 
of Engel et al[51] found six primary papers[52-57] present
ing the effectiveness of transforaminal injections. The 
evidence was found to be of low quality[51]. The outcome 
in the different studies shows moderate effectiveness. 
However, the number of reports of severe complications 
(spinal cord infarction, cerebral ischemia, quadriplegia, 
seizures) increases[51]. Therefore, cervical transforaminal 
injections are not strongly recommended. When com
paring the interlaminar and the transforminal approach, 
better evidence and less reports of severe complications 
make the interlaminar approach superior[43,51]. The main 
advantage of the transforminal approach is the selection 
of a single nerve root which. Therefore, the result after 
transforaminal injection can be helpful for the decision, 
which level is eligible for surgery.

Patients with CPSS are sporadically included in studies 
about the effectiveness of epidural injections[35,47,48,58]. 
Only one trial (Table 1) evaluated the effect of interlaminar 
epidural injections explicitly in patients after surgery[3]. The 
randomized, double-blind study with a one-year follow-
up of 56 patients with CPSS demonstrated a minimum 
pain relief of 50% and improvement in functional status 
in 71% of patients receiving local anesthetic only and in 
64% of patients receiving steroids and local anesthetic. 
The average duration of pain relief was 12 to 15 wk after 
two initial injections. The evidence for CPSS is assessed 
as Level Ⅲ (evidence from one nonrandomized trial with 
multiple observational studies)[43].

CONCLUSION
Persistent pain after cervical spine surgery is a frequ
ent problem. Interventional pain therapies are eligible 
as a target-specific therapy option. Both, facet joint 
interventions and epidural injections are used. Some 
evidence exists for these procedures. However, the risk 
of theses procedures (especially transforaminal epidural 
injections) must be weighed against the benefit. Patients 
with CPSS are sporadically included in evaluations about 
the effectiveness of cervical injections. In addition, 
regarding thermal RF neurotomy, therapeutic MBBs, and 
interlaminar epidural injections only single studies exist 
that specifically follow-up CPPS patients. Further studies 
focusing on CPPS patients are necessary.
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Abstract
Arrhythmogenic right ventricular dysplasia (ARVD) is 
an inherited heart muscle disease. Myocyte apoptosis 
and fibro-fatty scar tissue predisposes patients to 
malignant ventricular arrhythmias. Patients may present 
to variety of surgical procedures with diagnosed ARVD. 
Surgical insult, catecholamine surge and physiological 

disturbance can be hazardous on the vulnerable myo
cardium and may result in life-threatening ventricular 
tachycardia or sudden cardiac death in the perioperative 
period. Anaesthetists have particular role in perioperative 
management of this patient population, meticulous 
perioperative planning, close haemodynamic monitoring 
and maintenance of physiological stability throughout 
helps to avoid devastating perioperative loss.

Key words: Arrhythmogenic right ventricular dysplasia; 
Arrhytmogenic cardiomyopathy; Anaesthesia

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

Core tip: Arrhythmogenic right ventricular dysplasia 
(ARVD) is an inherited disease of the cardiac muscle, 
characterised by progressive myocyte death and 
scarring of the myocardium associated with ventricular 
tachycardia and sudden cardiac death. Electrical 
instability is exacerbated by physiological changes 
induced by surgical insult and may lead to unexpected 
perioperative death. Careful anaesthetic management 
can minimise stress response and reduce the incidence 
of malignant ventricular arrhythmias in the perioperative 
period. In this article we discuss the available literature 
with the aim to provide some guidance for the clinical 
anaesthetist encountering patient with ARVD.
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INTRODUCTION
Arrhythmogenic right ventricular dysplasia (ARVD) is 
inherited cardiomyopathy characterised by progressive 
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death of the myocytes most commonly in the right 
ventricle. Fibro-fatty replacement of the myocardium 
forms scar tissue causes malignant ventricular 
arrhythmias, sudden cardiac death (SDC), or cardiac 
failure. In the late stages it affects both left and right 
ventricles. Early diagnosis could offer control over 
progress of the disease and prevention of malignant 
arrhythmias and cardiac arrest. Once arrhythmia control 
is achieved AVRD could become a stable condition[1,2]. 

Patients with ARVD undergo variety of surgical 
procedures in their life span. This is why the condition 
is of a particular interest for anaesthetists and peri-
operative physicians. Physiological changes and medi
cation in the perioperative period may have proarrhy
tmogenic effect. Surgical insult activates stress response 
with catecholamine surge while adverse effects of 
anaesthetic agents induce significant cardiovascular 
instability. 

AVRD have autosomal dominant inheritance pattern 
with an estimated prevalence rate of 1:5000 that 
may be underestimated. Forensic autopsy following 
unexpected perioperative death in young individuals 
proved ARVD in eighteen out of fifty patients[3]. It is 
common enough for most anaesthetists to encounter 
a patient with ARVD at some point in their career 
either: (1) In the subclinical stage, leading to sudden 
perioperative death in seemingly healthy patients 
undergoing low-risk surgical intervention. In such cases 
post mortem examination could confirm the diagnosis 
of ARVD; or (2) in patients with established diagnosis 
of ARVD presenting for elective or emergency surgical 
procedure. Disease may be in the early or advanced 
stage at the time of presentation, symptoms may be 
well or poorly controlled.

Literature on the management of ARVD in the 
anaesthetic practice is based on a small number of 
individual case reports describing anaesthetic technique 
used in patients with subclinical or diagnosed ARVD. 
Straightforward link between anaesthetic agents and 
perioperative mortality is difficulty to establish. Previously 
uneventful general or regional anaesthesia does not 
exclude ARVD. It could be that perioperative death is 
associated with physiological instability, rather than 
administration individual anaesthetic agent. Majority of 
the recommendations on perioperative management of 
these patients are based on case reports when many 
things have gone wrong, and it is difficult to untangle 
whether a particular medication was a culprit. Not 
many anaesthetists have had frequent exposure to 
ARVD patients to be able to scientifically approach the 
management. In this review we will discuss the literature 
on presentation and perioperative management of these 
patients, and add some of the experience of our centre 
where there is an unusually high concentration of ends 
stage cardiac failure ARVD patients.

PATHOGENESIS AND GENETICS
ARVD in an heritable cardiac muscle disease, most 

commonly follows autosomal dominant inheritance 
with variable penetrance in families and wide spectrum 
of disease severity[4]. AVRD does not present at birth. 
Symptoms develop in adolescence, and diagnosis is 
commonly made in the second and third decade of life. 
ARVD affects young men three times more frequently 
than women and an important cause of SCD in young 
adults and athletes[5-7]. 

ARVD incidence remains unclear, prevalence is 
estimated between 1 in 2000-5000 showing high 
variability between geographical regions. Positive 
family history presents in up to 50% of the cases. High 
incidence was observed in Vento region of Italy where 
forensic autopsy proved ARVD behind SCD in 20% 
of the cases[8,9]. Autosomal recessive forms are less 
common, Naxos disease is associated with palmoplantar 
keratosis and severe cardiac features[10]. 

AVRD develops due to desmosomal and non-des
mosomal gene mutation. Gene mutation alters protein 
synthesis. Desmosomes (also called macula densa) 
are the structural and functional units of the heart 
muscle cell, connecting cells in the intercalate discs and 
mediating intracellular signal conduction. Disrupted 
desmosomal structure cannot withstand physical activity 
and shear forces and induces cardiomyocyte death. 
Apoptotic cells are replaced with fibro-fatty tissue causing 
increased excitability and structural abnormality. Initially 
focal process becomes generalised leaving extensive 
scar tissue with scattered residual myocytes within the 
thin ventricular wall. Gene mutation alters the structure 
of the following five desmosomal proteins: Plakoglobin, 
Desmoplakin, Plakophillin, Desmoglein and Desmocollin. 

Non-desmosomal gene mutations are also found 
to be linked to AVRD. Ryanodine receptor-2 mutation 
causes ryanodine receptor dysfunction and alter intra
cellular calcium release from the sarcoplasmatic reticu
lum. Transforming growth factor-B3 gene mutation 
may have a role in myocardial fibrosis whilst TMEM43 
gene mutation may cause dysregulation in adipogenic 
pathway and induces fibro-fatty replacement of the 
cardiomyocytes[2,11,12]. 

DIAGNOSIS
AVRD is difficult to diagnose when asymptomatic. First 
presentation is cardiac arrest in up to 50% of the clinical 
cases. Post mortem examination confirms fibro-fatty 
histology. Screening of family members is important to 
identify and risk stratify genetically affected relatives to 
prevent SDC. 

Diagnostic test specific for ARVD has not been 
invented. In 1994, the International Task Force proposed 
the first diagnostic criteria system and combined 
multiple diagnostic information (structural, histological, 
arrhythmic, echocardiographic, genetic and familiar 
features). This system highly specific but failed to 
identify early, asymptomatic and familiar cases. Inter
national Task Force Criteria has been modified in 2010. 
Diagnosis was based on the combination of major and 
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minor criteria[13]. 
Electrocardiogram (ECG) abnormalities observed 

include T-wave inversion in anterior precordial leads, left 
axis deviation, wide QRS complexes and epsilon waves. 
Ventricular tachy-arrhythmias may present in a wide 
spectrum on resting ECG from premature ventricular 
extrasystoles, non-sustained ventricular tachycardia 
and monomorphic ventricular tachyarrhythmia with left 
bundle branch block. 

Echocardiography may detect regional or global 
dysfunction, predominantly affecting the RV. RV wall 
thinning and dilation with tricuspid regurgitation are the 
features of advanced right heart failure. 

Cardiac magnetic resonance imaging (MRI) is a non-
specific diagnostic modality, however allows reliable 
quantification of the right ventricle volume however 
may fail to detect the ventricular adipose tissue and wall 
thinning accurately. 

Right ventricular angiogram is considered a reliable 
invasive method for evaluating regional right ventricular 
wall motional abnormality. Cardiac MRI and 3D Echo
cardiography are non-invasive and preferred over right 
ventricular angiography for assessing morphology and 
functional abnormalities of the right ventricle[14]. 

Ventricular biopsy may confirm the suspected dia
gnosis of ARVD however negative biopsy should be 
interpreted with caution. Myocardial sample may be 
unreliable as AVRD often does not involve the subendo
cardium whilst the myocardium exhibits patchy involve
ment. Negative biopsy does not exclude the diagnosis 
of ARVD[15]. Involvement of a specialist pathologist 
experienced in this condition is important.

Immunohistochemical analysis: Reference diagnostic 
test highly sensitive and specific to ARVD would provide 
accurate early diagnosis in asymptomatic cases. 
Immunohistochemical analysis of plakoglobin in the 
intercalate discs found reduced signal level in patients 
with ARVD and may be of value in diagnosing ARVD[16,17] 

(Figure 1). 

TREATMENT
Current data suggest that asymptomatic patients with 
established ARVD do not benefit from prophylactic 
therapeutic interventions.

Once the clinical diagnosis of ARVD is established, 
treatment modalities target three main goals.

Life-style modification
Clinical evidence suggests the strenuous physical 
exercise accelerates myocyte apoptosis and increase 
the risk of SDC in competitive athletes. Physical exercise 
may also be responsible for “hot disease phase” when 
myocyte atrophy accelerates. This phase is characterised 
by increased excitability[18,19]. Restriction from strenuous 
exercise and competitive sports is thought to be slow 
down myocardial cell death.

Prevention or effective termination of recurrent 
arrhythmias
Ventricular arrhythmias manifest in a wide spectrum. 
Sporadic premature ventricular extrasystole may 
progress to non-sustained or sustained ventricular 
tachycardia and VF. VF leads to sudden cardiac arrest. 
Long term arrhythmia control may be achieved with 
implantable cardioverter defibrillator (ICD) alone or in 
combination with antiarrhythmic drugs.

The effect of β-blockers or Amiodarone in treatment 
of sustained VT has been proven. Sotalol provides the 
most effective arrhythmia control. Amiodarone is usually 
preserved for advance heart failure. In combination with 
B-blocker its efficacy is comparable to Sotalol[20,21]. 

ICD is considered for primary prevention in high 
risk cases and proved to be successful when cardiac 
dysfunction occurs. However ICD for AVRD treatment 
will require long term follow up and may be complicated 
with adverse effects associated with procedures. When 
cardiac failure is a problem the ICD can be also used as 
a biventricular re-synchronisation therapy too[22]. 

Figure 1  Twelve-lead electrocardiogram leads with regular sinus rhythm and an epsilon waves (arrow) in leads V1-V3.
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Catheter ablation: Developing fibro-fatty scar tissue 
with scattered myocytes increases the risk of re-entrant 
tachycardia. Catheter ablation is reserved for patients 
with recurrent ventricular arrhythmia not responsive to 
pharmacological treatment as it only offers short-term 
success, long-term efficacy remained debatable[23]. 

Cardiac failure
Symptomatic heart failure is rare and occurs predo
minantly in advanced stage. Cardiac failure should be 
treated in conjunction with conventional heart failure 
guidelines, most commonly with angiotensin-converting 
enzyme inhibitors, diuretics, digoxin and anticoagulants. 
In the rare occasions, when heart failure is unresponsive 
to medical management, heart transplantation may be 
necessary. 

ANAESTHETIC CONSIDERATIONS
Given a prevalence rate of 1:5000, most anaesthetists 
will encounter a patient with ARVD during their practice. 
SDC during general anaesthesia is unresponsive to 
cardiopulmonary resuscitation. Disease awareness, 
understanding pathophysiology and hazardous conditions 
help improve safety in these patients. Perioperative 
management is divided in two groups: For patients with 
already diagnosed ARVD, and for patients who present 
with malignant arrhythmias and SDC.

Preoperative management
Preoperative evaluation of patients with AVRD should 
include collecting medical history, documenting physical 
findings and obtaining specialized diagnostic tests. All 
elective patients must be consulted with a cardiologist 
with experience with the disease. History of provoked 
arrhythmias and safe medication is essential.

Subclinical stage of ARVD is symptomless or chara
cterised by non-specific clinical symptoms such as 
palpitation, chest pain and syncope. Linking these fea
tures to a rare cardiac muscle disease may be difficult. 
Previous uneventful general or regional anaesthesia 
does not exclude ARVD[24]. ECG is not used for routine 
assessment in young and healthy patients.

Patient with confirmed diagnosis of ARVD should 
undergo regular follow up to evaluate efficacy of arrhy
thmia control and cardiac function. Review of case notes 
and discussion with a cardiologist would enable the 
anaesthetist to gain information about the course of the 
disease. Physical examination carries limited significance 
in early stages, signs and symptoms of systemic or 
pulmonary congestion become apparent in advanced 
stage. Twenty-four hour holter-monitor is a reliable 
non-invasive method to discover sustained and non-
sustained ventricular tachycardia. Echocardiography 
is available in most institutions to offer a quick insight 
to cardiac function. Preoperative optimisation carries 
high impact on perioperative mortality. Multidisciplinary 
team approach including cardiologist, anaesthetist and 
operating surgeon facilitate safe perioperative planning. 

Elective procedure should be postponed until ventricular 
arrhythmia controlled and heart failure is optimised. 
Regular anti-arrhytmic drugs should be continued until 
surgery. Patient with ICD should undergo device check 
to assess optimal function and number of appropriate 
ICD discharges. Electrical safety may warrant inacti
vation of the device in the immediate preoperative 
period[25]. 

Intraoperative management
Maintaining haemodynamic state near to the normal 
physiological conditions is likely to offer best arrhythmia 
protection. Close haemodynamic monitoring is essential 
for early recognition of physiological instability and 
assessment cardiovascular response to intervention. 
Routine monitoring with ECG, oxygen saturation probe, 
non-invasive blood pressure cuff and capnography 
may be supplemented with invasive arterial blood 
pressure cannula even in case of minor surgical pro
cedures. Invasive arterial pressure monitoring will 
allow for blood pressure monitoring even in the face 
of arrhythmia, when NIBP could be unreliable. Major 
interventions warrant more invasive monitoring. Central 
venous pressure provides information about right heart 
function and filling status. The role of pulmonary artery 
catheters may be controversial outside specialised 
cardiothoracic institutions due to induction of malignant 
ventricular arrhythmia and ventricular perforation during 
placement. However, intraoperative transoesophageal 
echocardiography offers superior diagnostic and avoids 
risks of arrhythmia. Less invasive forms of continuous 
cardiac output monitoring allow assessment of contra
ctility, ventricular filling.

Malignant ventricular arrhythmia and SCD could 
occur at induction of general anaesthesia, during the 
surgical procedure or in the immediate postoperative 
stage. Therefore, appropriate post-operative monitoring 
and care locations must be chosen according to 
institutional organisation.

Safe anaesthetic management is facilitated by the 
following two principles
Understanding the pharmacokinetics and adverse 
effects of the anaesthetic agents: Hemodynamic 
variation during anaesthesia is related to specific effects 
of the anaesthetic agents on the sympathetic nervous 
system. Patient with extensive sympathetic blockade 
are prone to develop reduced systemic vascular resis
tance, reduced cardiac output and severe arterial 
hypotension. 

Midazolam causes little direct myocardial depression 
and was reported to be safe for sedation in conjunction 
with opioid analgesics or for induction of general 
anaesthesia in combination with a different induction 
agent[26]. However in two case reports administration of 
Midazolam was associated with perioperative death[27,28]. 
Propofol is known to induce significant arterial hypo
tension and myocardial suppression. Judicious dosing or 
slow infusion for induction may help to overcome these 
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unfavourable pharmacological properties making it one 
of the commonly used induction agent. Maintenance 
of general anaesthesia using Propofol gains increasing 
popularity. Case reports describe Propofol as a safe 
agent for induction[27] and maintenance of general 
anaesthesia[26]. Ketamine has a stable haemodynamic 
profile however anticholinergic effect can result in sinus 
tachycardia.

Opioid analgesia should be selected carefully. 
Perioperative death in patients with diagnosed ARVD 
was reported after administration of Sufentanyl[28]. 
Fentanyl is considered to be safe[28,29]. High dose of 
Fentanyl was used in a cardiothoracic patient popu
lation[26]. 

Volatile anaesthetic agents should be administered 
cautiously to patients with ARVD as these are known 
to induce dose-dependent myocardial depression, 
tachycardia and arterial hypertension. Isoflurane was 
associated with intraoperative SCD but paradoxically, 
uneventful anaesthesia was also described[27-31]. 

Muscle relaxants have several unfavourable side 
effects on the circulation. Careful selection helps to 
avoid haemodynamic instability. Perioperative death was 
observed in a patient receiving Suxamethonium and 
Atracurium[32]. This had been explained by histamine 
release followed haemodynamic instability. Cisatracurium 
has minimal effect on the cardiovascular system and 
was associated with positive patient outcome[31]. Pan
curonium is likely to induce sinus tachycardia due to 
its vagolytic effect and thought to be contraindicated 
in patients with ARVD. However Pancuronium was the 
muscle relaxant of choice in successful case series of 
intraoperative management of patients with advance 
cardiac failure ARVD patients undergoing orthotopic 
cardiac transplantation. There were no deleterious 
effects reported[26,33]. 

Anticipating and promptly responding physiological 
disturbance. These are the principles of balanced 
anaesthesia for all operations. However, there are no 
more important in any other group of patients other 
than ARVD.

Arterial perfusion pressure
Hypertension increase afterload on the diseased 
ventricle. Hypertension may be treated with deepening 
the plane of anaesthesia. Intravenous Nicardipine has 
been described as a safe choice. Although there is lack 
of experience, it is possible that other systemic blood 
pressure lowering agents are safe too.

Hypotension could diminish coronary perfusion 
and oxygen delivery. Although direct vasoactive drugs 
can provoke arrhythmias, these may need to be used 
to maintain haemodynamic parameters. Vasopressor 
infusions have been previously described. Dopamine 
is known to increase the incidence arrhythmias whilst 
used to treat arterial hypotension[34], however safe 
administration in patients with ARVD was reported in 
the literature[26].

Heart rate and rhythm
Tachycardia increases the incidence of premature 
ventricular complexes and ventricular extrasystole 
predisposing to malignant arrhythmias. During general 
anaesthesia tachycardia may be explained by for several 
factors. Pain control, adequate depth of anaesthesia 
and muscle relaxation should be maintained at all time. 
Agents with positive dromotropic and batmotropic 
effects have to be avoided where possible. Controlling 
electrolyte levels of potassium and magnesium can offer 
some protection. Persistent tachycardia may be treated 
with short acting intravenous b-blocker (Esmolol). When 
premature ventricular extrasystole increases in number, 
Amiodarone infusion should be commenced. 

Volume status
Excessive intravenous fluid administration is hazardous 
in case of ventricular dysfunction as it can distend 
the heart. Hypovolaemia secondary to dehydration or 
large fluid shift during complex abdominal and thoracic 
procedures should be treated intravenous crystalloid. 
Anticipating and promptly responding to haemorrhage 
helps to avoid decompensated blood. Compensatory 
tachycardia to maintain cardiac out and oxygen delivery 
predisposes to malignant tachyarrhythmia. 

Normoxia and normocapnia
Controlled ventilation maintains normal arterial carbon-
dioxide partial pressure (pCO2). Tachycardia may be the 
first manifestation of increased pCO2. Muscle relaxation 
in major surgical cases could offer also reduction of 
oxygen demand due to reduced striated muscle oxygen 
demand.

Normothermia
Hypothermia increases the risk of shivering and 
increased oxygen consumption and predispose to 
tachyarrhythmia. 

Electrolyte and acid-base balance
Calcium, magnesium and potassium play important 
role in regulation of cardiac function and vessel tone. 
Deranged plasma level can precipitate haemodynamic 
instability. Metabolic acidosis has deleterious effect 
on cardiac contractility and reduces sensitivity to 
endogenous and exogenous catecholamines. 

Postoperative care
Postoperative care plays an important role, malignant 
arrhythmia in the postoperative phase must be antici
pated and predisposing factors prevented or promptly 
eliminated. ARVD may present exclusion criteria for day 
surgery even following low risk surgical interventions. 
Patient with ARVD should be cared for in a clinical area 
where close monitoring can be maintained.

Maintaining physiological parameters near to the 
normal values decreases the incidence of malignant 
arrhythmias and SDC. 
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Adequate arterial perfusion pressure is essential 
to maintain coronary perfusion pressure, myocardial 
oxygen supply and end-organ perfusion. Perioperative 
clinicians should have low threshold to treat bradycardia 
and tachycardia. Close monitoring of fluid balance 
and early recognition of significant aim to maintain 
haemodynamic stability. 

Supplemental oxygen may help to avoid arrhythmias 
induced by hypoxia, however, importance of adequate 
carbon-dioxide removal must not be overlooked. 

Adequate pain control reduces anxiety, maintains 
autonomic stability and prevents further catecholamine 
surge. Multimodal approach with non-opioid analgesic 
drugs may be appropriate choice after minor surgical 
interventions. Opioids analgesics have significant side 
effects on the cardiovascular and respiratory systems 
and their use is reserved to treat severe postoperative 
pain after. Regional and neuroaxial blockade may be 
useful after major surgical interventions. 

Satisfactory treatment of postoperative nausea 
and vomiting eliminates vagotonic effect. Electrolyte 
balance maintains electrical stability of the diseased 
myocardium. 

When malignant supraventricular or ventricular 
arrhythmia occurs, pharmacological treatment or 
electrical cardioversion should not be delayed. Prompt 
consideration of reversible causes and electrolyte 
abnormalities may help to restore cardiovascular 
stability. Early involvement of experienced cardiologist 
should be thought. Management of cardiovascular 
collapse follows Adult Life Support (ALS) guidelines 

(Table 1). 

SPECIAL FIELDS OF ANAESTHESIA
Obstetric anaesthesia
In pregnancy all maternal organ system undergoes 
physiological changes in order to adapt to increased 
metabolic demand of the foetus and prepare the 
maternal body for delivery. Cardiovascular changes occur 
throughout pregnancy: Systemic vascular resistance 
decreases initially due to progesterone effect and low 
resistance placental vascular bed later on. Cardiac 
output may increase up to 50% at term due to left 
ventricular hypertrophy. Intravascular volume expansion 
induces physiological anaemia. Healthy gravidas tolerate 
adaptation well, women with structural heart disease 
may experience worsening symptoms while pregnant. 

Limited available data describes pregnancy safe and 
well-tolerated in women with mild to moderate form of 
ARVD, however all women with ARVD in child-bearing 
age should receive counselling before pregnancy. 

In an ideal world all pregnant women with ARVD 
should be assessed by multidisciplinary team including 
specialist cardiologist, obstetrician and anaesthetist 
as soon as pregnancy discovered. Early assessment 
enables the medical team to plan essential investigation, 
maintain effective control of malignant arrhythmias and 
establish a robust plan for delivery and the postpartum 
period.

Anaesthetists are likely to encounter the following 
issues whilst managing pregnant women with AVRD: (1) 

  Preoperative management
     History Symptomatic arrhythmia, cardiac drug history, cardiology follow-up
     Physical findings Signs of systemic and pulmonary congestion
     Specific diagnostic tests ECG, Holter monitor, Echocardiography
     Preoperative optimisation Multidisciplinary approach involving cardiologist, surgeons, anaesthetists and intensivists
  Intraoperative management
     Monitoring Minor surgical intervention: ECG, non-invasive blood pressure monitoring, SpO2, capnography

Major surgical interventions: Central venous pressure, pulmonary artery catheter and cardiac output 
monitoring, temperature monitoring, intraoperative transoesophageal echocardiography

     Haemodynamic stability Maintaining adequate depth of anaesthesia and analgesia
Adequate arterial perfusion pressure

Avoiding tachycardia, bradycardia and arrhythmias
Avoiding blood loss, hypovolaemia and fluid overload

Maintaining adequate gas exchange
Temperature control
Electrolyte balance
Acid-base balance

     Choice of anaesthetic agents and 
     vasoactive drugs

Understanding pharmacokinetics and side effects of the individual anaesthetic agents and anticipating 
cardiovascular effects

     Postoperative management Cardiovascular stability: Avoiding hypo- and hypertension, tachycardia, bradycardia and arrhythmias
Prompt recognition of blood loss and hypovolaemia

Normoxia and normocapnia
Temperature control

Adequate pain control
Early treatment of postoperative nausea and vomiting

Electrolyte and acid-base balance

Table 1  Anaesthetic management of patients with arrhythmogenic right ventricular dysplasia 

ECG: Electrocardiogram.
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discontinuation of pharmacological control of malignant 
arrhythmias: Omission of regular antiarrhytmic drugs 
have been reported with minimal effect[35]; (2) amio
darone is associated with severe adverse effect on the 
foetus therefor it needs to be used only to treat life-
treating arrhythmias. β-blockers may be associated with 
intra-uterine growth retardation however Bisoprolol is 
considered to be safe[36]; (3) alteration of heart failure 
medications due to their teratogenic effect: While 
Warfarin and ACE-inhibitors may be associated with 
faulty foetal organogenesis, most diuretics, digoxin and 
low molecule weight heparin can be used without having 
an adverse effect on the foetus[36,37]; and (4) worsening 
cardiac function and symptomatic ventricular arrhythmia: 
Despite of continuous rhythm control, women may 
experience increased incidence of palpitation. Evaluation 
of cardiac function with echocardiograph and holter 
monitor is described to be beneficial.

Labour and delivery
ARVD is not a contraindication of vaginal delivery, 
however significant deterioration of pre-existing heart 
failure might indicate surgical delivery. Planned delivery 
may provide a better control of perinatal events.

In labour cardiac output increases 85% above the 
non-pregnant level. This is due to increased venous 
return from the placental vessels with each uterine 
contraction. Furthermore, anxiety and pain results in 
sympathetic stimulation and increase heartrate. Low 
dose spinal or effective epidural anaesthesia achieves 
good pain relief and blunts autonomic response but also 
warrants higher level of haemodynamic monitoring to 
avoid cardiovascular instability.

Successful surgical delivery of healthy new born 
has been described both under regional and general 
anaesthesia[35,36,38]. Suitable technique is determined by 
maternal choice and the degree of heart failure. There 
is no evidence to supports one technique over the other. 
The ultimate goal is to maintain cardiovascular stability. 
Haemodynamic instability is more common with spinal 
anaesthesia, epidural anaesthesia allows better control 
over instability and more time for adaptation.

Most commonly used oxytocin has deleterious 
side effects such as hypotension and tachycardia, 
dilution and slow administration may overcome. It is 
important to judge whether use of oxytocin is needed 
for the individual ARVD patient at all, rather than follow 
the routine protocol for all patients. Involvement of 
experienced obstetrician in these cases is important.

Postnatal period
Increased incidence of malignant arrhythmias has been 
reported in the third trimester and the postpartum 
period. High level of monitoring is recommended in the 
early postpartum phase. Lactation raises concern about 
electrolyte derangement however there is no report of 
ventricular tachyarrhythmia in women who opted for 
breast feeding. Evaluation of cardiac function 3 mo after 

delivery provides good guide regarding the need for 
modifying pharmacological arrhythmia control. 

Regional anaesthesia
Local anaesthetic drugs exert effect by blocking voltage 
sensitive sodium channels and inhibit propagation of 
action potential via the nerve fibres.

Regional blocks may provide anaesthesia as a sole 
technique or used as an adjunct to general anaesthesia 
to facilitate adequate analgesia and blunt stress res
ponse to pain. 

Cardiovascular changes are the most important 
effects of central neural block. These responses are due 
to arterial vasodilation and decreased contractility due 
to sympathetic denervation. Reflex tachycardia aims to 
maintain cardiac output however significant decrease 
in systemic vascular resistance due to sympathectomy 
reduces venous return and paradoxically induces brady
cardia or asystole. 

Anaesthetists should anticipate these changes when 
planning central neuraxial blockade for a patient with 
ARVD. Remembering of non-specific symptoms such as 
nausea, vomiting and syncope may be helpful to avoid 
cardiovascular collapse.

Epidural anaesthesia provides better controlled 
onset of the blockade with less marked effect on cardio
vascular system. However, it also uses large doses of 
local anaesthetics, which can cause arrhythmias after 
their systemic absorption.

Local anaesthetics exhibit dose dependent sodium 
channel blockage on the cardiac muscle, inducing 
prolongation of the PR interval and widening the QRS 
complexes. Direct cardiac toxicity depends on the 
potency. Bupivacaine is the most commonly used 
local anaesthetic agent however its higher plasma 
level is associated with severe adverse effect on the 
cardiovascular system. 

There is no sufficient data to support any local 
anaesthetic agent being superior to other, Bupivacaine 
was associated with perioperative death in patients with 
ARVD and used successfully during surgical delivery[29,38]. 
In fact, it may support the concept that perioperative 
death is associated with deleterious haemodynamic 
instability rather than the choice of the local anaesthetic 
agent. 

Ephedrine is frequently administered concomitantly 
with local anaesthetic drugs with the aim to prevent 
rapid absorption to the circulation and avoid toxic plasma 
level. It also increases the duration of the blockade. 
Subcutaneous and extravascular administration is 
associated with minimal cardiovascular sequels. 
Intravascular use could induce hypertension, tachycardia 
and increased myocardial oxygen consumption 
predisposing patients with ARVD to malignant ventricular 
arrhythmias and SDC.

Laparoscopic surgery
Laparoscopic surgery an important diagnostic and 
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therapeutic tool and gaining increased popularity over 
the past two decades. Growing surgical experience 
and better understanding of the physiological effect of 
pneumoperitoneum lead to that more and more major 
surgical interventions are being performed laparos
copically. 

Laparoscopy offers lower perioperative morbidity, 
better wound healing, fewer wound infection and better 
pain control allowing early mobilisation and shorter 
hospital stay. 

Anaesthetists should be aware of the physiological 
changes induced by laparoscopic surgery whilst 
preparing a patient with diagnosed ARVD for surgery: 
Mechanical effect of pneumoperitoneum has significant 
cardiovascular consequences: Reduced venous return 
due to compression of the inferior vena cava, increased 
myocardial afterload and bradycardia secondary to 
increased systemic vascular resistance. Compensatory 
tachycardia precipitates malignant arrhythmias. Carbon-
dioxide insufflation may induce respiratory acidosis. 
Perforation of the solid organs or great vessels precipi
tates decompensated blood loss.

Laparoscopy does not have absolute contraindications, 
however patients with diagnosed ARVD or advanced 
heart disease need to be assessed on an individual basis. 
Operative planning should involve surgeon, anaesthetist 
and specialist cardiologist. Experienced surgeon can 
reduce intraoperative complication and the duration of 
the surgical intervention. Anaesthetist should anticipate 
and respond to cardiovascular changes. Invasive 
haemodynamic monitoring may be necessary for minor 
procedures. Postoperative nausea and vomiting are 
common, prevention with combined antiemetic drugs 
is recommended. Persisting haemodynamic concerns 
should prompt early discussion with the operating 
surgeon and conversion to open procedure should be 
thought.

MANAGEMENT OF PERIOPERATIVE 
CARDIOVASCULAR COLLAPSE IN 
PATIENTS WITH SUSPECTED ARVD 
Undiagnosed ARVD often presents as unexpected 
perioperative death in young and fit patient undergoing 
minor surgical intervention. Cardiovascular collapse is 
commonly unresponsive to cardiopulmonary resusci
tation. 

It such cases all anaesthetists ask for help, and it is 
the culture of perioperative case. Once cardiovascular 
collapse occurs, management should follow the ALS 
guidelines. Defibrillation is almost always needed. 
Administration of Amiodarone bolus and infusion should 
follow ALS guidelines. Other reversible causes should be 
considered, intravascular volume, electrolytes should be 
replaced.

Patent airway and controlled ventilation aim to 
maintain adequate arterial oxygen and carbon-dioxide 

pressure and avoid arrhythmia induced by hypoxia and 
hypercarbia. 

PRACTICAL CONSIDERATIONS
AVRD is a rare form of cardiomyopathy, subclinical stage 
may be asymptomatic or characterised by non-specific 
symptoms such as palpitation or chest pain. Awareness 
amongst anaesthetists may help to raise the suspicion. 
When malignant tachycardia occurs is healthy individual 
in the perioperative period, differential diagnosis should 
include ARVD. Early recognition and prompt treatment 
of these arrhythmias may help to avoid cardiovascular 
collapse. 

Patients with established diagnosis of ARVD should 
be managed by a multidisciplinary team. Robust 
perioperative plan should include preoperative workup 
and optimisation involving a cardiologist. Surgical 
intervention must be performed by an experienced 
consultant surgeon with the least haemostatic distur
bance. Experienced consultant anaesthetist in charge 
for the anaesthetic management should understand the 
pathophysiology of ARVD and physiological anomalies 
predisposing to adverse events. Cardiovascular stability 
should be maintained throughout. Malignant arrhythmias 
and cardiovascular collapse can occur at any time during 
the perioperative care therefor emergency vasoactive 
and anti-arrhythmia drugs and defibrillator should be 
available. Postoperative recovery is the best to take 
place in a clinical area with high level of monitoring. 
Stable haemodynamic parameters, adequate analgesia 
and temperature control, fluid and electrolyte balance 
aim to avoid arrhythmias and facilitate early recovery, 
mobilisation and hospital discharge. Once adverse 
event occurs at any point during perioperative care, 
experience cardiologist can offer valuable input. 

CONCLUSION
Most anaesthetists would encounter patients with 
subclinical or diagnosed ARVD. Available literature on 
management of ARVD in the anaesthetic practice is not 
sufficient to establish evidence-based recommendations. 
Clinical data remains conflicting about the safety of the 
individual pharmacological agents. Careful perioperative 
assessment and solid management plan focusing on the 
maintenance of physiological stability may help to avoid 
perioperative loss and provide the highest level of safety 
in this patient population. 
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Abstract
Liver diseases that are most unique to pregnancy 
consist of hyperemesis gravidarum, acute fatty liver 
of pregnancy, intrahepatic cholestasis of pregnancy, 

and hemolysis, elevated liver enzymes and low plate
lets syndrome. In this review, risk factors, etiology, 
symptoms, diagnosis, prognosis and treatment of each 
entity followed by principles of anesthetic management 
based on the case reports or retrospective records will 
be addressed. 

Key words: Liver disease; Pregnancy; Anesthesia

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

Core tip: Liver diseases like hyperemesis gravidarum, 
acute fatty liver of pregnancy, intrahepatic cholestasis 
of pregnancy and hemolysis, elevated liver enzymes 
and low platelets are challenging for anesthesiologists 
because of the increased risk of morbidity and mortality. 
Therefore, general and specific anesthetic management 
strategies are of utmost important. In this review, the 
risk factors, etiology, symptoms, diagnosis, prognosis 
and treatment of these liver diseases during pregnancy 
and general principles of anesthetic management based 
on our case report and retrospective records will be 
addressed. 

Gunaydin B, Tuna AT. Anesthetic considerations for liver 
diseases unique to pregnancy. World J Anesthesiol 2016; 5(3): 
54-61  Available from: URL: http://www.wjgnet.com/2218-6182/
full/v5/i3/54.htm  DOI: http://dx.doi.org/10.5313/wja.v5.i3.54

INTRODUCTION
Most unique liver diseases that occur during pregnancy 
are hyperemesis gravidarum (HG), acute fatty liver of 
pregnancy (AFLP), intrahepatic cholestasis of pregnancy 
(IHCP), and hemolysis, elevated liver enzymes and low 
platelets (HELLP) syndrome[1,2]. We aim to present risk 
factors, etiology, symptoms, diagnosis, and prognosis 
briefly and as well as discuss the treatment of each 
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entity, principles of anesthetic management based on 
the current literature.

HG 
HG, generally occurs generally at 4-10 wk of gestation 
up to 20 weeks’ gestation[3-5]. There are risk factors 
such as history of HG, hyperthyroidism, psychiatric ill
ness, molar pregnancy, preexisting diabetes, multiple 
gestations, multiparity, increased body mass index, and 
excessive daily intake of saturated fat before pregnancy 
are some of the common risk factors[1]. Female fetus 
and maternal Helicobacter pylori infection might be 
considered as additional risk factors[6]. The incidence, 
etiology, symptoms, diagnosis and treatment of the 
disease were summarized in Table 1[5,7-17]. 

We would like to underline our established thera
peutic plan based on a 21-year-old woman (G1, P0) 
with a diagnosed HG without remarkable medical 
history. She was admitted to our unit at 19[1] weeks’ 
gestation. She was suffering from nausea, vomiting 
and weight loss refractory to medical treatment though 
she was treated in another hospital before admission. 
Her current weight was 56 kg (Pre-pregnancy weight 
73 kg), and BMI was 18.3 kg/m2. Her vital signs 
including blood pressure and heart rate were 90/60 
mmHg and 90 beat/min, respectively. Blood and urine 
laboratory results and thyroid function tests were within 
normal clinical limits. Obstetric and abdominal USG 
were unremarkable. Medical treatment was started 
with metochlopramide and vitamin B during IV total 
parenteral nutrition. Fluid intake and urine output were 
adjusted accordingly. Because of persistent refractory 
nausea and vomiting, metoclopramide was switched to 
domperidon. For differential diagnosis, endoscopy was 
planned but 1st endoscopy attempt without sedation was 
unsuccessful. Therefore, 2nd endoscopy was planned 
using propofol under monitored anesthesia care (MAC). 
The endoscopy revealed minimal superficial gastritis 
and motility dysfunction (with no pyloric stenosis and 
helicobacteria presence). Although there was rarely 
need for anesthesia in HG since that disease usually 
seen during early pregnancy period, we performed 
sedation with propofol which was a safe intravenous 
anesthetic agent in liver diseases under MAC.

AFLP 
The AFLP is observed 1 in 10000-15000 pregnancies[18]. 
It often develops between 27-40 weeks’ gestation, but 
may be undiagnosed until the postpartum period[1]. 

Advanced maternal age, primiparity, multiple pre
gnancies, preeclampsia, male fetus, being underweight, 
the use of non-steroidal anti-inflammatory drugs and 
previous AFLP are considered to be some of the risk 
factors[1,19]. The incidence of AFLP is high in women 
with a genetic mutation. Basically, mitochondrial fatty 
acid oxidation pathway is affected. Fetus has a long-
chain 3-hydroxyacyl-coenzyme A dehydrogenase defici

ency[7,20]. The incidence, etiology, symptoms, diagnosis 
and treatment of AFLP were shown in Table 1[7,18,20-29]. 

Primary obstetric management is to make immediate 
delivery decision since recovery before delivery is not 
possible. The anesthesia technique either regional 
or general must be discussed. General anesthesia is 
required in patients with coagulopathy because of the 
concern for regional anesthesia related hematoma 
risk[1]. Most of the patients recover within 48-72 h after 
delivery with improved aminotransferase levels[22]. 
However, patients with coagulopathy, encephalopathy, 
or hypoglycemia require intensive care admission[26].

Perioperative care includes establishing adequate 
intravenous accesses readily available for cross-mat
ched blood and blood products against increased risk of 
postpartum hemorrhage (PPH)[28].

Clinical and laboratory findings, anesthetic manage
ments with maternal and neonatal outcomes of 28 cases 
from Shanghai Public Health Center were retrospectively 
reviewed over 5 years. Cesarean delivery was performed 
under either neuraxial (n = 16) or general anesthesia (n 
= 12) with rapid sequence induction (RSI). Two maternal 
deaths (7.1%) without fetal deaths were recorded. As 
a result of this retrospective study, recommendation 
of general anesthesia with RSI in case of severe 
coagulopathy was reconfirmed[29]. 

IHCP 
The incidence of IHCP is approximately 1-2 in 1000 
pregnancies. Generally it manifests either in the second 
or third trimester, around 30 weeks’ gestation. After 
delivery, symptoms generally resolve[30]. According 
to the recent reports, the incidence varies between 
1.5%-4%[1].

Accused common risk factors are advanced mater
nal age, multiparity, family history, preexisting liver 
disease, or history of cholestasis while taking oral 
contraceptives[31,32].

The incidence, etiology, symptoms, diagnosis and 
treatment of IHCP were also shown in Table 1[1,30-51]. 

Diagnosis is based on clinical signs and laboratory 
tests. Elevated bilirubin levels (< 6 mg/dL), and 
elevated transaminases (approximately 20 times than 
normal values). The most sensitive diagnostic biomarker 
is the elevation in the fasting serum bile acid level. 
Parturients generally have bile acid levels higher than 
10 μmol/L. The degree of disease as mild, moderate or 
severe is made according to bile acid levels (Mild: 10-39 
μmol/mL, moderate: 40-99 μmol/mL and severe: ≥ 
100 μmol/mL)[38].

We have retrospectively documented maternal, 
fetal and neonatal outcomes of parturients with 
IHCP delivered in Gazi University. Maternal outcomes 
were generally good as indicated in many previous 
reports[28,37,47,48]. Twenty-seven percent of our cases 
had normal spontaneous vaginal delivery, while the rest 
(73%) underwent cesarean delivery. Approximately 
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18.5% of cesarean deliveries were not elective or 
planned. When anesthesia and/or analgesia choices 
were evaluated in whole, we performed combined 
spinal epidural (CSE) for labor analgesia only in 1 
patient. According to the records of cesarean deliveries, 

rates of neuraxial and general anesthesia were 85% 
and 15%, respectively. Among neuraxial anesthesia 
choices, spinal anesthesia (96%) was the mostly 
preferred one. Regarding neonatal outcomes, birth 
weight and Apgar scores were good as well. However, 

  Disease Incidence Etiology Symptoms Diagnosis Prognosis Treatment

  Hyperemesis 
  gravidarum[3-17]

1-20/1000 
pregnancies

(< 2%)[5]

Psychological 
predisposition

Hormones 
(human chorionic 

gonadotropin, 
estradiol)[7]

Severe nausea and 
vomiting

Dehydration
Malnutrition 

Poor weight gain[1,7]

Diagnosis by clinical 
presentation (persistent 

vomiting, acute starvation 
and weight loss)
Increaed levels 

of liver enzymes 
(aminotransferase, 

alkaline phosphatase and 
amylase)[1,3,8-12]

Rarely, liver biopsy is 
needed[1,11,12] 

Unchanged maternal 
and fetal outcomes 

after use of safe 
antiemetics

Increased risk of 
low-birth-weight 

infants, preterm birth, 
preeclampsia, and 

placental abruption in 
the 2nd trimester[8,16,17]

Avoid nausea triggering 
substances

Medical and supportive 
therapy (ginger, 

multivitamin or Vit B6 with 
H1 receptor antagonist 

doxylamine)
Treatment of dehydration 
(intravenous infusion of 

fluids, metoclopramide or 
promethazine with another 

H1 receptor antagonist 
dimenhydramine)[1,8,13-15]

  Acute fatty 
  liver of 
  pregnancy[18-29]

1/10000-15000 
pregnancies[18]

Mutations in 
LCHAD[1,21]

Nausea, vomiting, 
anorexia lethargy, 
abdominal pain, 

ascites, progressive 
jaundice

Polyuria and 
polydipsia due to 
transient diabetes 

insipidus
Acute renal failure 

Hepatic 
encephalopathy 
Hypertension, 

proteinuria
and edema[1,4,22,23]

Diagnosis by clinical 
and laboratory findings 

(increased levels of  
aminotransferases, 
ammonia, bilirubin, 

leukocytosis, 
hypoglycemia, 

thrombocytopenia, 
neutrophilia, 

coagulopathy, renal 
dysfunction)[20,22,24]

Tomography and 
ultrasonography are 

unremarkable[7]

Liver biopsy reveals 
microvesicular steatosis[25]

Liver function 
improves within a 
week to months[27]

Preterm delivery (75%) 
approximately at 
34 wk gestation

Check all mothers with 
AFLP for defects in 

fatty acid oxidation[1]

Immediate hospitalization 
Supportive measures 

(glucose infusion, readily 
availbale blood products)

Prompt delivery

  Intrahepatic 
  cholestasis of 
  pregnancy[1,30-51]

1-2/1000 
pregnancies[1]

Multifactorial
genetic (mutations 
in the MDR3 gene)

Hormonal
Exogenous 
factors (e.g., 

progesterone)
Abnormal biliary 

transport[25,33-35]

Generalized 
peripheral pruritus 

(1st sign)
Chills and 

abdominal pain
Diarrhea or 

steatorrhea[36,37]

Diagnosis by clinical 
symptoms and/or 

laboratory tests (increased 
levels of fasting serum bile 
acid and elevated bilirubin 
and transaminase levels)[38]

Liver biopsy is needed 
only in severe cases and 

biopsy reveals cholestasis 
with minimal or no 

inflammatory changes[39]

Good maternal 
outcome

(laboratory results 
resolve within 2-8 wk 

postpartum)[7]  
Compromised fetal 

outcome (spontaneous 
preterm labor, 

meconium-stained 
fluid with some 

perinatal mortality) in 
moderate and severe 

forms[1,42-46]

Symptomatic medical 
treatment (ursodeoxycholic 

acid: UDCA which 
is B Class safe drug 
for pregnancy and 

breastfeeding by FDA)[40,41]

Optimal timing of delivery 
at the best possible fetal 

maturity[45]

  HELLP 
  syndrome[1, 51-62]

0.1%-0.6%[1,52] Usually presents 
with preeclampsia 

(4%-12% are 
with severe 

preeclampsia)
Endothelial injury 
with fibrin deposit 
is the underlying 
mechanism of the 

disease[54]

Right upper 
quadrant or 

epigastric pain
Nausea and 

vomiting
Malaise

Nonspecific viral-
like symptoms

headache
visual symptoms[55]

Liver biopsy is not 
necessary but if performed 
sinusoidal fibrin thrombin, 

hemorrhage, and 
hepatocellular necrosis 
might be observed[25] 
Laboratory findings

Platelet count < 100000/µL
Serum aspartate 

aminotransferase > 70 U/L
Serum lactic 

dehydrogenase > 600 
U/L[56]

Maternal death (1%)
Perinatal death 

(7.4%-20.4%)
Pulmonary edema
Acute renal failure

DIC
Abruptio placenta

Liver hemorrhage or 
failure
ARDS 

Retinal detachment
Stroke

Blood transfusion 
related complications

Provide transfer to tertiary 
care center after confirmed 

diagnosis
Delivery > 34 weeks’ 

gestation is recommended 
if possible

Prophylaxis of seizures with 
magnesium during labor 
and 24 h postpartum[58]

Table 1  The incidence, etiology, symptoms, diagnosis and treatment of the liver disease unique to pregnancy 

HELLP: Hemolysis, elevated liver enzymes and low platelets; LCHAD: Long-chain 3-hydroxyacyl-coenzyme A dehydrogenase; ARDS: Acute respiratory 
distress syndrome; AFLP: Acute fatty liver of pregnancy; FDA: Food and Drug Administration.
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there were 2 preterm births and 2 preterm labors 
from mild and severe IHCP cases (one from each). 
Hepatitis in 2 newborns was observed in parturients 
with mild IHCP. But the worst fetal outcome observed 
in a parturient having severe IHCP was perinatal 
fetal death at the 34 weeks’ of gestation. Anesthesia 
choices for delivery might be challenging in IHCP. 
Due to the physiologic decrease in gall bladder con
tractility, pregnant women tend to have a sort of 
physiologic cholestasis. The cholestasis might lead to 
malabsorption of vitamin K. Vitamin K is a cofactor 
responsible from synthesis of coagulation factors II, VII, 
IX and X. Therefore, coagulation abnormalities might 
be expected in parturients with IHCP. Additionally, 
increased liver enzymes; aspartate aminotransferase 
(AST) and predominantly ALT are considered to be 
determinants of liver diseases[1,28,37,47-49]. However, in a 
recent retrospective study investigating the incidence 
of coagulopathy in parturients with IHCP, no abnormal 
coagulation studies were found even in the presence 
of significantly increased liver enzymes[50]. The 
authors reported that the presence of coagulopathy in 
parturients with isolated IHCP was low and the routine 
coagulation studies were not necessary except patients 
having IHCP with coexisting preeclampsia[50]. Similarly, 
we had neither abnormal coagulation parameters 
nor we came across any patient with coexisting pree
clampsia in our study. 

Severity of IHCP, especially bile acid levels higher 
than 40 µmol/L, may affect pregnancy outcomes[46,51]. 
Based on these studies, we similarly classified our 
cases having bile acid level ≥ 10-39 µmol/L, 40-99 
µmol/L and ≥ 100 µmol/L as mild, moderate and severe 
IHCP, respectively. In the present study the rates of 
mild, moderate and severe IHCP were 65%, 21% and 
14%, respectively. When we compared our studies in 
this regard, the incidence of mild IHCP was higher but 
severe IHCP was less than that of study by Brouwers 
et al[51]. In mild cases obstetric management includes 
delivery at 38 weeks’ gestation but early delivery at 36 
weeks’ can be considered in severe cases due to the 
high risk of fetal distress/death, jaundice or unbearable 
maternal pruritis despite ursodeoxy cholic acid (UDC) 
treatment[28,37,47-51]. In contrast to the 14% of CS rate 
in Brouwers et al[51]’s study, we documented much 
higher CS rate, which was 73%. However, our high 
CS rate was consistent with 65% rate of DeLeon et 
al[50]. Currently, we have observed adverse outcomes 
including preterm labor and birth and perinatal fetal 
death in severe IHCP class parturients. 

Pregnancy associated liver diseases and/or abnor
malities in conjunction with their interpretation have 
been extensively studied[2,25,26,32]. Our maternal and 
fetal-neonatal outcomes according to the elevated 
bile acid levels were comparable to recent retrospec
tive studies[50,51]. However, the present retrospective 
records including 37 cases with IHCP delivered in Gazi 
University in one-year period might be helpful to provide 
better understanding of anesthetic management. 

Consequently, parturients with IHCP having normal 
coagulation parameters despite increased liver enzymes 
preoperatively underwent cesarean delivery mostly 
under spinal anesthesia uneventfully. Although maternal 
outcomes were generally good, adverse fetal and 
neonatal outcomes may occur more likely in severe IHCP.

HELLP SYNDROME
HELLP syndrome is commonly associated with hyper
tension, proteinuria, and edema develop either in the 
second or third trimester. HELLP syndrome has an 
incidence of 0.1%-0.6% that develops usually in the 
3rd trimester. The rate of HELLP patients with severe 
preeclampsia is 4%-12%[52]. While 70% of patients with 
HELLP syndrome present before delivery, 30% of them 
develop in the postpartum period[1].

Some of the risk factors for HELLP syndrome are 
nulliparity and advanced maternal age[53]. The incidence, 
etiology, symptoms, diagnosis and treatment of HELLP 
syndrome were indicated in Table 1 as well[1,51-62]. 

Fifty percent of patients with HELLP syndrome might 
be free of all diagnostic criteria. Maternal morbidity 
varies due to the degree of thrombocytopenia. 
According to the Mississippi classification for HELLP, 
class 1 corresponds to platelet count ≤ 50000/µL, class 
2 corresponds to platelet count greater than > 50000 
but ≤ 100000/µL, while class 3 corresponds to platelet 
count 100000-≤ 150000/µL[57]. 

HELLP syndrome often progresses and may 
eventually compromise maternal and fetal outcome. 
If diagnosis is controversial, hypertension should be 
controlled by available intravenous antihypertensive 
drugs (hydralazine or labetalol)[58].

Delivery is recommended ≥ 34 weeks’ gestation. 
Intravenous magnesium sulfate (4-g loading dose 
followed by 2 g/h) should be administered for seizure 
prophylaxis during labor and for 24 h postpartum[58]. In 
case of active labor, a vaginal delivery may be proceeded 
if there is no fetal distress or risk of disseminated intra
vascular coagulopathy. Additionally, in case of coexis
tence with multi-organ dysfunction, renal failure, or 
abruption, immediate cesarean delivery should be 
performed because induction of labor is not indicated. 

Patients with HELLP syndrome generally receive 
platelet transfusion if the platelet count is < 20000/μL, if 
< 50000/μL and cesarean delivery is mandatory. There 
is no need to transfuse platelet more than once, since 
thrombocytopenia improves after delivery[59].

For choosing method of analgesia, epidural block 
is generally contraindicated if platelet count is less 
than 75000/μL but is also up to the experience of the 
anesthesiologist. Patients should be monitored for at 
least 48 h in the postpartum period to avoid pulmonary 
edema. Laboratory abnormalities usually regress 24 
h postpartum and almost completely recover 48 h 
postpartum[1]. 

HELLP syndrome is associated with increased risk 
of maternal and fetal morbidity and mortality. Rate 
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of maternal death is approximately 1%. Noteworthy 
maternal complications include pulmonary edema, 
acute renal failure, DIC, abruptio placenta, liver hemorr
hage or failure, ARDS, retinal detachment, stroke and 
adverse events due to blood transfusion[1].

The rate of perinatal death varies between 
7.4%-20.4%, depending on the gestational age and 
concurrent factors related to the pregnancy. The highest 
morbidity and mortality rates are observed < 28 
weeks’ gestation[60]. Most perinatal morbidity is due to 
prematurity that may cause to RDS, bronchopulmonary 
dysplasia, intracerebral hemorrhage, and necrotizing 
enterocolitis.

General anesthesia for CS has been the most 
commonly preferred technique in HELLP syndrome. 
However, high rate of use of regional anesthesia for CS 
has been documented in a review of 102 cases with 
preterm HELLP syndrome[61]. According to review of 
102 charts, number of antepartum and postpartum 
HELLP were 95 and 7, respectively. Mean gestational 
age was 30.6 ± 2.7 (23-36) wk. Most of the parturients 
underwent regional anesthesia (n = 65). Cases having 
preoperative mean platelet count of 113000/μL (n = 
53) underwent CS under CSE, while spinal anesthesia 
was performed in pregnant women (n = 12) having 
preoperative platelet count of 95000/μL. Interestingly, 
2 patients with mean platelet count < 50000/μL 
underwent CS with CSE. One of these patients received 
platelet transfusion immediately before CSE. Luckily, 
epidural hematoma has not been reported in none of 
the patients received regional anesthesia[61].

However, subarachnoid hematoma following spinal 
anesthesia in a 39-year-old having G3, P2 (151 cm 
and 52 kg) with severe preeclampsia associated HELLP 
delivered at 27 weeks’ gestation was reported. A 23 
G Quincke spinal needle was used to inject 2.5 mL of 
hyperbaric bupivacaine for spinal block. Apgar scores 
of a 696 g of baby were 6 and 9 at 1 and 5 min, 
respectively. Duration of surgery was approximately 37 
min with approximately 400 mL blood loss. Complete 
recovery of motor block was achieved 5 h after spinal 
anesthesia. Although preoperative platelet count 
was 91000/µL, it declined progressively to 30000/μL 
postoperatively (2nd day). Patient was suffering from 
numbness on the posterior aspect of her thigh and the 
toes of her right leg and her bladder was insensitive 
to fullness (urinary retention). Neurologic examination 
revealed flaccid paraparesis. Power in her right hip was 
4/5, while it was 3/5 in her right knee, ankle and toes. 
There was sensory deficit in her right leg between L3-S5 
dermatomes, while it was between L4-S5 dermatomes 
in her left leg. Spinal subarachnoid hematoma com
pressing cauda equina was observed in the magnetic 
resonance imaging. Medical treatment including Vit B12 
and PG E1 against neurologic deficit, oral neostigmine 
+ bladder exercise for urinary retention, flurbiprofen for 
relieving headache and neck pain and rehabilitation for 
paraparesis were performed. Complete recovery was 
observed 3 mo after conservative treatment (hematoma 

regression)[62].

PRINCIPLES OF ANESTHETIC 
MANAGEMENT
Regional anesthesia is recommended in patients with 
advanced liver disease whenever possible because of 
the less systemic effects of the locally administered 
drugs. Regional anesthesia is superior than general 
anesthesia due to possible liver dysfunction leading 
to delayed metabolism of general anesthetic drugs. 
Either central or peripheral blocks could be considered 
in liver dysfunction and/or failure. Total drug dose used 
in peripheral block should be cautiously calculated 
and close monitoring is advocated for side effects[49]. 
Regarding local anesthetic drugs, t1/2elim of lidocaine 
increases 3 fold from 108 to 296 min. Meanwhile, 
increased volume of distribution (Vd) of lidocaine 
offers some protection against toxicity. α1 acid GP 
is synthesized even in end stage liver disease which 
provides some protection against toxicity as well. 
However, clearance of ropivacaine is less in the end 
stage liver disease than normal. For ester type local 
anesthetic drugs, though pseudocholin esterase enzyme 
production in the liver may decrease in disease state, 
overall clearance of chloroprocaine is unclear.

Although coagulopathy is an absolute contraindication 
for regional anesthesia, it can be recommended in 
selected patients having acceptable coagulation profile. 
Regional anesthesia blunts hemodynamic effects of 
stress hormones in the circulation. These hormones 
depress immune function as well[63]. In all cases, arterial 
blood pressure should be maintained and sympathetic 
stimulation should be avoided.

Considering general anesthesia, isoflurane seems to 
be a better choice[64]. When sevoflurane or desflurane 
were compared with isoflurane, sevoflurane could 
have some advantages over others without significant 
differences among them[65,66]. Nitrous oxide was used to 
be an inhalation anesthetic despite risk of accumulation 
of gas in the closed spaces leading to distension[49]. 
However, liver cell injury with xenon anesthesia has 
been shown to be impossible which might be a pro
mising alternative agent[67]. 

Successful use of opioids has been reported in 
liver disease despite there were concerns with delayed 
drug clearance and prolonged half-life. Fentanyl, if 
used in relatively moderate doses, is a good choice 
without affecting oxygen supply, or requirements of the 
liver[68,69].

The rate of oddi sphincter spasm was nearly 3% 
due to opioids. Medical treatment can be provided with 
atropine, naloxane, glucagon, nitroglycerin, volatile 
anesthetics, or antispasmodic drugs. Anesthesia 
induction and maintenance are provided with possibly 
safe drugs and pulmonary and cardiovascular measures 
should be maintained. Anesthetic management using 
inhalation agents (isoflurane, desflurane or sevoflurane), 
alone or in combination with small doses of fentanyl 
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seems to be reasonable. Anesthetist must consider the 
altered pharmacokinetics in liver disease. Half-life of 
lidocaine and benzodiazepines may increase by more 
than 300% and 100%, respectively. Drugs, like sodium 
thiopentone, highly bound to albumin have a decreased 
Vd. Therefore, doses should be adjusted accordingly. 
Among intravenous anesthetic agents, propofol is the 
most favorable one for liver diseases. It has a short 
half-life even in cirrhosis. However, either edema or 
increased gamma globulin resulting in the increased Vd 
may require to increase the first effective dose of many 
drugs[49].

Long acting narcotics and sedatives should be 
avoided in cirrhotic patients. Fentanyl or sufentanil and 
oxazepam or lorazepam, in conjunction with sevoflurane 
or propofol are recommended[40,70].

For non-depolarizing muscle relaxants, vecuronium 
and atracurium are recommended because these 
muscle relaxants are not metabolized mainly in the 
liver. Clearance and elimination half-life of atracurium 
are preserved even in impaired liver or renal function. 
Because of larger Vd, elimination half-life is shorter in 
severe hepatorenal dysfunction than that of healthy 
individuals. Therefore, muscle relaxants are used guided 
by neuromuscular block monitoring[49].

Suxamethonium which is a depolarizing muscle 
relaxant is used for providing RSI. It has a prolonged 
half-life due to decreased serum cholinesterase con
centrations in liver dysfunction and during pregnancy. 

Both vecuronium and rocuronium have prolonged 
elimination in severe cases. Either atracurium or cisatar
curium may be a better option because of independent 
metabolism of liver and kidney[71]. 

Consequently, rational selection of anesthetic drugs 
and close monitoring are the key factors for providing 
safe anesthesia.

POSTOPERATIVE CARE
Even though delayed clearance is a concern in severe 
liver disease, intravenous opioids can be administered 
for postoperative analgesia. Neuraxial opioids, esp
ecially a single dose of morphine, may obviate any 
accumulation issues. Advanced liver disease can lead 
to hepatic encephalopathy. Neurologic deterioration in 
the postoperative period may result from the residual 
effects of anesthetic agents, acute liver decompensation, 
or an intracranial process. Neurologic observation and 
liver function monitoring is essential to the proper 
postoperative management of pregnant women with 
advanced liver disease[49]. 

SPECIFIC ANESTHETIC 
CONSIDERATIONS 
Pregnant woman with either mild IHCP or uncom
plicated liver transplantation may be managed in the 
same manner as a healthy parturient assuming that 

hepatic synthetic and metabolic functions were intact. 
Only coagulopathy should be excluded or corrected 
before regional anesthesia if possible[1].

According to a retrospective cohort study including 
319 parturients with or without coagulation tests, no 
neuraxial hematoma was observed even in case of liver 
enzyme elevations > 5 times than normal. Postpartum 
hemorrhage after vaginal or cesarean delivery was 
2.4% and 6.3%, respectively. Based on these results, 
routine coagulation test monitoring in IHCP to minimize 
neuraxial anesthesia complications or predict postpartum 
hemorrhage was not necessary. Therefore, neuraxial 
anesthesia is not necessarily be delayed or avoided in 
pregnant patient with IHCP[50].

Anesthesia selection for AFLP should be indivi
dualized. General anesthesia with RSI is recommended 
in case of severe coagulopathy. Perioperative anesthetic 
care includes establishing adequate iv access with 
readily available cross matched blood and blood pro
ducts since PPH is anticipated[49].

In summary, particularly spinal anesthesia is the 
1st choice for patients with HELLP syndrome scheduled 
to undergo CS if there is no progressive thrombo
cytopenia. Close patient monitoring is a must against 
hemorrhagic complications, DIC or ecclampsia at all 
times. If neuraxial anesthesia is contraindicated, general 
anesthesia with RSI should be performed especially in 
hypertensive patients. Additionally, risk of aspiration due 
to full stomach and/or difficult airway should be taken 
into account. General anesthesia is indicated as a 1st 
option when platelets < 80000/µL (class 1 or partially 
class 2 HELLP syndrome)[71]. 

In conclusion, selection of either general or regional, 
or MAC alone may not be sufficient enough for good 
survival and better outcomes because induction of a 
safe anesthesia in this specific group needs special 
attention and care with rational choice of drugs under 
constant careful monitoring. Prevention of further liver 
injury can be provided by optimizing hepatic blood flow 
and oxygenation. Effects of anesthesia type and local 
and general anesthetic drugs on the liver should be 
carefully considered as well.
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Abstract
Intraoperative awareness is the explicit recall of sensory 
perceptions during general anesthesia. I presume 
the epidemiology and characteristics of intraoperative 
awareness from these surveys in Japan. A questionnaire 
survey was conducted via  the Internet. The first survey 
was conducted in 2008. Our survey showed 17% of 
anesthesiologists experienced definite or possible 
awareness. The second survey was conducted to 

evaluate the first survey in detail in 2008. A total of 
172 anesthesiologists answered. The total number 
of reported anesthetic cases was 85156. Twenty-four 
cases of definite or possible awareness were reported 
by 21 anesthesiologists. The most surprising finding was 
total intravenous anesthesia (TIVA) was used in 21 of 
the 24 cases. The third survey was conducted in 2011 
as a continuous survey. Six cases of definite or possible 
awareness were reported by six anesthesiologists (7%). 
Two cases were maintained by TIVA, and 2 cases were 
sevoflurane. The survey showed 76% anesthesiologists 
routinely use bispectral index (BIS) for TIVA, but for 
sevoflurane only 27% anesthesiologists routinely 
use BIS. The incidence of intraoperative awareness 
decreased in the third survey. The continuous survey 
revealed the current status of daily anesthesia and the 
results might be used to prevent the awareness during 
general anesthesia.

Key words: Awareness; Bispectral index; Sevoflurane; 
Total intravenous anesthesia
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Core tip: The epidemiology and characteristics of 
intraoperative awareness from these surveys in Japan 
are reviewed in this manuscript. The incidence of 
intraoperative awareness decreased in the third survey. 
The continuous survey revealed the current status 
of daily anesthesia and the results might be used to 
prevent the awareness during general anesthesia.
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problem in clinical anesthesia. It is defined as ann explicit 
recall of sensory and auditory awareness during general 
anesthesia. The incidence of intraoperative awareness 
has been reported as 0.1%-0.2%[1,2]. Although this 
problem is rare, some patients might suffer prolonged 
psychological side effects, including post-traumatic 
stress disorders.

Widespread changes have occurred after the intro
duction of remifentanil in Japan in 2007. This caused a 
reduction of the maintenance dose or concentrations 
in volatile anesthesia. These changes might induce the 
increase in the incidence of intraoperative awareness. 
Therefore, we conducted three separate questionnaire 
surveys of anesthesiologists from 2008 through 2011. 
From the results of these surveys, we were able to 
make presumptions about the epidemiology and 
characteristics of intraoperative awareness, and discuss 
recommendations to decrease its incidence. 

THE FIRST SURVEY
Remifentanil was released in Japan in 2007, followed 
by widespread changes in anesthesiology procedures. 
The doses of anesthetics used in combination with 
remifentanil might decrease. Moreover, the choice 
of total intravenous anesthesia (TIVA) increased. 
These changes might have increased the incidence of 
awareness.

The incidence of awareness during general anes
thesia has not been evaluated prospectively in Japan. 
Therefore, we conducted a questionnaire survey in 
2008[3]. The purpose of the survey was to assess the 
status of anesthesia after the release of remifentanil 
and the incidence of intraoperative awareness during 
remifentanil anesthesia.

Letters were sent to the chief staff anesthesiologists 
in Japanese hospitals to response the survey. The 
responders answered the survey questions anonymously 
on an open access website. It was designed to acquire 
the information concerning daily clinical anesthesia, 
choice of anesthetics, and experiences of intraoperative 
awareness during 2007.

Awareness cases in the first survey
A total of 145 anesthesiologists responded to the 
survey. Five (3%) anesthesiologists reported cases of 
definite awareness, and 21 (14%) anesthesiologists 
reported cases of possible awareness. 

The relationship between daily anesthesia practice 
and experience with intraoperative awareness was 
evaluated. Concerning the standard maintenance con
centration of sevoflurane in combination with remifen­
tanil, 7% of the anesthesiologists used 0.7%, 44% 
used 1%, 30% used 1.2%, and 16% used 1.5%. 
These low concentrations might be explained by the 
manufacturer’s usage guide for remifentanil stating that 
sevoflurane should be used at a 1.0% concentration in 
combination with remifentanil. The choice of sevoflur

ane concentrations might also have been influenced 
by a report by Manyam et al[4] that recommended 
0.75% sevoflurane in combination with remifentanil. 
Figure 1 shows the relationship between cases of 
awareness reported by the anesthesiologists and their 
standard maintenance sevoflurane concentration. The 
anesthesiologists who experienced definite awareness 
cases maintained sevoflurane concentrations below 
1.0%. Cases of intraoperative awareness were signi
ficantly lower for anesthesiologists who maintained 
sevoflurane concentrations above 1.2% than for those 
who maintained concentrations below 1.0%. This result 
is compatible with a study by Avidan et al[5] that found 
the incidence of awareness in patients maintained with 
end-tidal volatile anaesthetic concentrations above 
0.7 minimum alveolar concentration (1.2%-1.4% 
sevoflurane) was 0.1%, which is compatible with the 
incidence in patients maintained at target bispectral 
index (BIS) values between 40 and 60. Our results 
show that, after the release of remifentanil, the inci
dence of intraoperative awareness might have been 
higher because 17% of anesthesiologists experienced 
definite or possible awareness cases in one year. 
Maintaining sevoflurane concentrations below 1.0% 
might be associated with a high risk for intraoperative 
awareness. Our results indicate that maintaining volatile 
anesthetic concentrations is the most important factor 
in preventing intraoperative awareness.

THE SECOND SURVEY
To get more detailed information, the second survey 
was planned[6]. The second survey was planned to 
obtain information concerning the cases involving 
intraoperative awareness in 2008. The survey method 
was similar to that of the first survey. A total of 172 
anesthesiologists responded to the second survey. The 
total number of general anesthesia cases in 2008 was 
85156 in this survey. Twenty-one anesthesiologists 
reported 24 cases of definite or possible awareness, of 
which 14 were cases of definite awareness and 10 were 
possible awareness. One patient experienced definite 
awareness twice, and another patient suffered possible 
awareness three times. The incidence of intraoperative 
awareness, including cases of possible awareness, was 
0.028%. Many previous studies demonstrate a higher 
incidence of about 0.2%[1,2]. However, the results of a 
retrospective study revealed that the actual incidence 
of awareness is underestimated. For example, a recent 
report[7] from the Fifth National Audit Project (NAP5), 
the national United Kingdom survey of intraoperative 
awareness during general anesthesia based on volun
tary reporting by doctors, estimated that the incidence 
of awareness in general anesthesia was as low as 
1:15414. Our survey results are consistent with the 
results of a retrospective study reported by Mashour et 
al[8]. The results of our study indicate that the incidence 
of awareness during anesthesia in Japan is compatible 
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with the incidence reported in other countries.

Awareness cases in the second survey
The most surprising finding from the second survey was 
that propofol was used as the anesthetic in TIVA in 21 of 
the 24 cases. Therefore, our results provide information 
about the characteristics of awareness in TIVA. Based 
on the data about daily anesthesia acquired from 
the survey, 16% of anesthesiologists reported using 
mostly propofol, 17% used more propofol than volatile 
anesthetics, 9% used propofol and volatile anesthetics 
equally, 26% used more volatile anesthetics than 
propofol, and 32% used mainly volatile anesthetics. This 
result indicates that volatile anesthetics were chosen 
more commonly than propofol. Our survey indicates 
that TIVA might be a risk for intraoperative awareness.

TIVA’s role as a risk for intraoperative awareness 
is still controversial. No prospective studies evaluated 
the incidence of awareness between the anesthetics. 
However, some studies have stated to TIVA as a risk 
factor for awareness[9]. One reported risk is associated 
with the failures of infusion pumps. The absence of 
real-time feedback of blood anesthetic concentrations 
might also be a risk factor. Moreover, the inter-individual 
variability in need of anesthetics essential to prevent 
movement during the noxious stimulation may be 
not as much of volatile anesthetics than TIVA[10]. The 
target-controlled infusion system predicts the plasma 
anesthetics concentrations, which might be different 
from the actual concentration. Therefore, the use of 
brain monitoring, including BIS, is essential. In our 
survey, BIS monitoring was used in seven (33%) out of 
21 awareness cases that were maintained by TIVA. This 
shows that the use of a BIS monitor could not prevent 
all cases of awareness. The usefulness of BIS to prevent 
awareness in TIVA should be evaluated in a future 
study.

In our survey, 16 (67%) of the patients experiencing 
awareness during general anesthesia were below 50 
years of age, and the majority of patients were female 
(Figure 1). Similarly, previous studies showed that the 
incidence of awareness is higher in female patients[11]. 
Moreover, women recovered from propofol anesthesia 

more rapidly than men[12]. This might indicate that 
women are less sensitive to propofol.

The reported surgical procedures included one 
craniotomy, four facial operations, seven neck and 
chest wall operations, one cardiac operation, three 
gynecologic operations, three operations for fractures of 
the leg, and one spinal operation. The results indicate 
that the surgical procedures with the highest risk for 
awareness are cervicofacial and chest wall surgery. In 
brief, surgery in the upper part of body produced the 
highest risk of awareness. Gynecologic and orthopedic 
procedures were the next most likely to be associated 
with intraoperative awareness.

The high incidence of awareness in cervicofacial 
surgery[2] has not reported previously. Although the 
reasons are unclear, it is thought that visual and auditory 
stimulation during surgery play a part[12]. The higher 
risk during orthopedic surgery supports this hypothesis 
because elevated levels of acoustic stimulation are 
common during orthopedic operations. There might 
also be an increased risk of awareness when general 
anesthesia is maintained by TIVA.

THE THIRD SURVEY
The third survey was conducted in 2011 as a continuous 
survey[13]. We particularly sought to evaluate whether 
TIVA is a risk factor for intraoperative awareness. The 
survey was designed to obtain information regarding 
cases involving intraoperative awareness in 2010. 
Responses were received from 119 anesthesiologists. 
Because of incomplete data, only 91 responses were 
analyzed. Respondents reported 29340 general 
anesthesia cases in 2010; volatile anesthetics were 
used in 18109 cases, and propofol was used in 10184 
cases.

Anesthesiologists reported six cases of definite 
or possible awareness. By the third survey, the 
incidence of awareness, including possible awareness, 
was 0.02%. This result is similar to the result of the 
second survey. Sevoflurane and propofol were used 
for maintenance of general anesthesia in four cases, 
two cases for each anesthetic (Table 1). The remaining 
two cases involved caesarean deliveries. Therefore, the 
incidence of intraoperative awareness in procedures 

  Case Age Sex Anesthetics BIS 
monitoring

Detail

  1 30 M Sevoflurane - Low sevoflurane 
concentration before surgery

  2 50 M Sevoflurane + Low sevoflurane 
concentration during 

bleeding
  3 70 F TIVA -
  4 80 F TIVA - Trouble in infusion pump

Table 1  Descriptions of awareness cases

BIS: Bispectral index; TIVA: Total intravenous anesthesia; M: Male; F: 
Female. 
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Figure 1  Patient demographics of definite and possible awareness cases. 
Sixteen (67%) were < 50 years old, 6 (26%) were men, and 17 (74%) were 
women.
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with volatile agents and TIVA was 0.011%, and 
0.019%, respectively. The difference in the incidence of 
awareness between volatile anesthesia and TIVA was 
not statistically significant (P = 0.622).

The survey results show that 74% of anesthesi
ologists routinely used BIS for TIVA, but only 28% 
of anesthesiologists routinely used BIS for volatile 
anesthesia (Figure 2). Use of BIS monitoring was more 
frequent during TIVA than volatile anesthesia (P < 
0.01). These results suggest that anesthesiologists feel 
that there is a need for BIS monitoring when they use 
TIVA for maintenance of general anesthesia, perhaps 
because propofol has a wide variability in dosing. 

The results of our second survey, which showed 
that TIVA was a risk factor for awareness, might have 
affected the frequency with which anesthesiologists used 
BIS monitoring. This concept is supported by the results 
of a review by Avidan et al[5]. The authors recommended 
using an end-tidal anesthetic concentration alarm rather 
than BIS when a volatile agent is used as the primary 
anesthetics. On the other hand, they suggested using 
BIS when volatile anesthetics are not used, because BIS 
monitoring prevents awareness in TIVA.

In one of two reported awareness cases, the 
patient might have awakened when sevoflurane was 
maintained at a low concentration before surgery; in 

the second case, the patient might have awakened 
when the sevoflurane concentration dropped because 
of hypotension caused by massive blood loss. These 
awareness cases could have been prevented if the 
sevoflurane concentration had been maintained above a 
certain level. There should be a further decrease in the 
incidence of awareness shortly.

COMPARISON OF RESULTS OF THE 
THREE SURVEYS
We conducted three surveys at separate times. 
The results were quickly disseminated to Japanese 
anesthesiologists after each survey. Figure 3 shows 
the standard maintenance sevoflurane concentration 
for daily clinical anesthesia reported in each of the 
three surveys. In the first survey, only 20% of the 
anesthesiologists used a sevoflurane concentration 
above 1.5%. However, in the second and third surveys, 
about 50% of the anesthesiologists used sevoflurane 
concentrations above 1.5%. This increased use of 
higher sevoflurane concentrations might be the reason 
for the lower incidence of awareness under sevoflurane 
reported in the second and third surveys. In the first 
survey, 18% of the anesthesiologists experienced cases 
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None

Always

50%-99%

1%-49%

None

76
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27

35

13
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Figure 2  Use of bispectral index monitoring in total intravenous anesthesia or volatile anesthesia. Use of BIS monitoring was more frequent during TIVA than 
volatile anesthesia. BIS: Bispectral index; TIVA: Total intravenous anesthesia.
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Figure 3  Standard maintenance sevoflurane concentration for daily 
clinical anesthesia in the three surveys.
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Figure 4  The experience of awareness cases by respondents in the three 
surveys. Experience of awareness decreased in the third survey.

Morimoto Y. Awareness in Japan



66 November 27, 2016|Volume 5|Issue 3|WJA|www.wjgnet.com

of intraoperative awareness, including possible cases. 
However, this decreased to 7% in the third survey 
(Figure 4). Moreover, the tendency of TIVA to be a risk 
factor for intraoperative awareness was not observed. 
The continuous survey revealed the current status of 
anesthesia in Japan, and the results might be used to 
prevent awareness during general anesthesia.

In conclusion, awareness with explicit recall during 
general anesthesia remains a problem that should be 
prevented. Understanding the incidence of awareness 
and the status of daily anesthesia are one possible 
approach to a cure for this problem.
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Abstract
AIM
To compare the efficacy of intrathecal morphine and 
single shot femoral nerve block for patients undergoing 
primary total knee arthroplasty. 

METHODS
Data was extracted from electronic medical records 
and case-paper record files of patients who underwent 
unilateral primary total knee arthroplasty under spinal 
anesthesia using bupivacaine 12.5 mg with intrathecal 
morphine (ITM) 0.2 mg and under general anesthesia 
(GA) with single shot femoral nerve block (FNB) using 
20 mL 0.5% bupivacaine at our hospital in 2013 and 
2014. All patients had received peri-articular infiltration 
as per the hospital protocol. Data for gender, age, 
weight, American Society of Anesthesiologists status, 
total surgical time, postoperative pain score using visual 
analogue scale (VAS) from 1 to 10 at 6 h, 12 h and 24 
h postoperatively, 24 h opioid consumption, use of oral 
multimodal analgesia, postoperative high dependency 
unit (HDU) admission and the time to discharge from 
the hospital was collected. The data was analyzed 
using Mann-Whitney U test for continuous variables and 
Fischer’s exact-t -test for categorical variables.

RESULTS
Twenty-two patients in ITM group and 32 patients in 
FNB group were analyzed. Median pain scores using 
VAS in ITM group were significantly lower at 6 h (0.0 
vs  2.0, P  < 0.001), 12 h (0.0 vs  2.0, P  < 0.001) and 
24 h (0.0 vs  2.0, P  < 0.001) postoperatively. Also, 
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postoperative morphine consumption in ITM group was 
significantly lower (P  < 0.001). However, median of non-
steroid anti-inflammatory drug unit requirement in 24 h 
postoperatively was statistically significant higher in ITM 
compared to FNB group (2.0 vs  1.0, P  = 0.025). The 
difference in postoperative paracetamol consumption in 
24 h was not statistically significant (P = 0.147). There 
was no significant difference in the postoperative HDU 
admission or time to discharge from the hospital. No 
respiratory depression in either group was noticed.

CONCLUSION
The ITM group patients had much lower pain scores 
and morphine requirement in the first 24 hour post
operatively compared to FNB group.

Key words: Postoperative analgesia; Intrathecal mor
phine; Femoral nerve block; Total knee arthroplasty; 
Pain after total knee arthroplasty

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

Core tip: In this retrospective analysis, intrathecal 
morphine (ITM) with spinal anesthesia and single shot 
femoral nerve block (FNB) with general anesthesia were 
compared in 54 patients undergoing primary total knee 
arthroplasty over two years at our institute. Pain scores 
and morphine consumption in 1st 24 h after surgery 
were significantly lower in ITM group compared to 
FNB group (P  < 0.001); while complication rates, high 
dependency unit admission rates, and time to discharge 
from the hospital were similar in both groups. Also, 
patients in ITM group were highly satisfied (P < 0.001). 

DeSousa K, Chandran R. Intrathecal morphine vs femoral nerve 
block for postoperative-analgesia after total knee arthroplasty: A 
two-year retrospective analysis. World J Anesthesiol 2016; 5(3): 
67-72  Available from: URL: http://www.wjgnet.com/2218-6182/
full/v5/i3/67.htm  DOI: http://dx.doi.org/10.5313/wja.v5.i3.67

INTRODUCTION
Total knee arthroplasty (TKA) leads to considerable 
post-operative pain, which requires optimal control for 
early mobilization as per the current trend. Femoral 
nerve block (FNB) and intrathecal morphine (ITM) are 
commonly used techniques for postoperative analgesia 
since the recommendation by PROSPECT group[1] as 
a part of multimodal technique with non-steroid anti-
inflammatory drugs and centrally acting drugs like 
paracetamol and systemic opioids. To compare the 
efficacy of these methods, we performed a retrospective 
analysis of patients who underwent unilateral primary 
TKA with single shot FNB with general anesthesia (GA) 
and ITM with spinal anesthesia (SA) in the year 2013 
and 2014 at our hospital. Earlier, low dose ITM and 
ultrasound guided FNB have been compared albeit both 

groups had received SA[2]. In this study, Frassanito et 
al[2] 0.1 mg ITM was found to be safe and more efficient 
compared to single shot FNB using 25 mL 0.75% 
ropivacaine though the lower pain scores and morphine 
consumption in ITM group compared to FNB group were 
not statistically significant. 

MATERIALS AND METHODS
Methods
After permission from the hospital ethics committee, 
and approval by SingHealth centralized institutional 
review board, data was extracted from electronic 
medical records for all patients who underwent 
unilateral primary TKA in the year 2013 and 2014. Only 
those patients who underwent primary TKA under SA 
using bupivacaine 12.5 mg with ITM 0.2 mg and those 
who underwent primary TKA under GA with FNB using 
20 mL 0.5% bupivacaine at our hospital in 2013 and 
2014 were included in this analysis. The case-paper 
record files were also obtained at this stage and looked 
into. 

In the ITM group, 0.2 mg morphine was mixed with 
bupivacaine while performing SA. Preservative free 
morphine is supplied in ampoules of 10 mg in 1 mL. The 
person performing SA diluted preservative free 10 mg 
morphine with 9 mL of normal saline to obtain 1 mg/mL 
under aseptic precautions. From this diluted morphine, 
0.2 mL was taken using insulin syringe and mixed with 
2.5 mL of isobaric 0.5% bupivacaine. Lumber puncture 
was performed under asepsis using either Quincke 
or Whitacare spinal needle of 25 G and the mixture 
of bupivacaine and morphine was injected slowly. 
Only patients who received this dose of morphine and 
bupivacaine were included in this analysis for uniformity. 
In the FNB group, FNB was performed before the 
induction of GA and its effectiveness was confirmed by 
checking loss of sensation on the medial aspect of leg 
just below the knee before the start of GA. All FNBs 
were performed using ultrasound guidance and 22 G 
Stimuplex needle A50 (by B. Braun Medical Inc. - a 
stimulating non-echogenic single shot 50 mm needle). 
GA was induced with appropriate dose of propofol, 
fentanyl and atracurium and airway maintenance 
was with laryngeal mask airway. GA was maintained 
with oxygen, sevoflurane and intermittent doses of 
morphine. Only patients who received 20 mL of 0.5% 
bupivacaine for FNB were included in this study for 
uniformity. Patients who received a different dose of 
bupivacaine or ropivacine were not included. Patients 
who received continuous FNB, FNB plus sciatic block, SA 
with FNB or any other combination were not included in 
this analysis.

All patients in both groups had received intra-
operative peri-articular infiltration as per the hospital 
protocol; a mixture of 20 mL of 0.5% bupivacaine 
with 30 mg ketorolac, and 5 mg morphine plus 20 mL 
normal saline. In FNB group, the surgeon carried this 
out at least 120 min after FNB was performed to avoid 



69 November 27, 2016|Volume 5|Issue 3|WJA|www.wjgnet.com

local anesthetic toxicity. 
Data for gender, age, weight, total surgical time, 

ASA status, postoperative pain scores using visual 
analogue scale (VAS) from 1 to 10 on flexion of the 
operated knee at 6, 12 and 24 h postoperatively, 24 h 
opioid consumption, use of oral multimodal analgesia, 
postoperative high dependency unit (HDU) admission 
and the time to discharge from the hospital was 
collected. 

All patients had received O2 2 lit/min through nasal 
prongs for the first 12-h after the surgery. Also, we 
looked for complications such as postoperative nausea 
and vomiting (PONV), respiratory depression, urinary 
retention and itching. We defined respiratory depression 
for this study as respiratory rate < 8/min or SaO2% < 
94%. 

Postoperatively, all FNB group patients were 
prescribed patient controlled analgesia (PCA) with 
morphine while ITM patients were prescribed intravenous 
tramadol on as required (PRN) basis. For calculations, 
tramadol 100 mg was considered equivalent to 10 mg 
morphine[3]. Diclofenac, eterocoxib and celecoxib were 
used orally on PRN basis in both groups. One unit of 
non-steroidal anti-inflammatory drugs (NSAIDs) was 
considered as 50 mg diclofenac or 90 mg eterocoxib or 
200 mg celecoxib. Patients in both groups were given 
paracetamol 1 g on PRN basis. 

A backward sample size calculation was done for this 
retrospective study: With a standard deviation (SD) of 
10 mg and clinical relevant difference of 10 mg between 
ITM and FNB (in a ratio of 1:1.5) for the amount of 
post-operative morphine consumption, the minimum 
sample size of 20 patients for ITM and 30 patients for 
FNB were required for a significance level of 5% and 
power of 90%. 

The data was analyzed using Mann-Whitney U test 
for continuous variables and Fisher’s Exact test for 
categorical variables. Patient satisfaction was evaluated 
from the discharge feedback form. 

Ms Carmen Kam Jia Wen, research officer at “Clinical 
and Trial and Research Unit” (CTRU) at Changi General 

Hospital, Singapore helped and reviewed this statistical 
analysis.

RESULTS
There was no statistically significant difference between 
two groups as far as the gender, weight, ASA status and 
total surgery time was concerned (P > 0.05). However, 
median age was significantly older in ITM group than 
FNB group (69 years vs 61 years, P = 0.002) (Table 1). 
Patients who received additional blocks or continuous 
femoral block or combined technique were excluded 
from the analysis. Twenty two patients in ITM group 
and 32 patients in FNB group were analyzed. 

Median pain scores in ITM group were significantly 
lower at 6 h (0.0 vs 2.0, P < 0.001), 12 h (0.0 vs 
2.0, P < 0.001) and 24 h (0.0 vs 2.0, P < 0.001) post
operatively. Also, median of postoperative morphine 
consumption in ITM group was significantly lower (P < 
0.001). However, median of NSAID (unit) requirement in 
24 h postoperatively was statistically significant higher in 
ITM compared to FNB group (2.0 vs 1.0, P = 0.025). The 
difference in postoperative paracetamol consumption in 
24 h was not statistically significant (P = 0.147).

There was no statistically significant difference in the 
postoperative HDU admission or time to discharge from 
the hospital. 

All patients in ITM group were prescribed antiemetic 
at regular time interval and hence did not have any 
incidence of PONV. While the patients in FNB group 
were prescribed antiemetic on PRN basis; for this 
reason the incidence of PONV cannot be compared. 
There were a number of patients who reported PONV in 
FNB group: 16 patients at 6 h, 11 patients at 12 h and 
9 patients at 24 h. Use of sevoflurane and morphine can 
also cause PONV. Also, a urinary catheter was electively 
placed for 24 h for all patients in ITM group and hence 
urinary retention could not be assessed. The results are 
presented in the Table 2 and Figures 1-3.

DISCUSSION
In this two-year retrospective analysis, patients who 
received 0.2 mg ITM had much lower pain scores 
and lower morphine requirement in the first 24 hour 
postoperatively compared to patients who received FNB 
using 20 mL of 0.5% bupivacaine. 

The pain scores using VAS are recorded by our 
acute pain service nurses every 6 h for the first 24 
hour postoperatively when ITM is given or single shot 
peripheral or neuraxial blocks are given. Only when the 
catheters are placed for peripheral or neuraxial blocks or 
PCA pumps are attached, the acute pain service nurses 
would evaluate these patients for pain beyond 24 h 
till the catheters or PCA pumps are removed. For this 
reason we could not analyze the data for pain beyond 
24 h postoperatively.

TKA causes a lot of pain postoperatively. Current 
trend amongst most surgeons is to mobilize the 

ITM (n  = 22) FNB (n  = 32) Statistical 
significance

  Median (IQR) 
  age: Years

69.0 (62.8-74.3) 61.0 (57.0-67) P = 0.002

  Sex: Numbers
     Male 9 (37.5%) 15 (62.5%) P = 0.665
     Female 13 (43.3%) 17 (56.7%)
  Median (IQR) 
  weight: Kg

64.3 (53.2-77.2) 67.3 (61.2-80.2) P = 0.275

  Median (IQR) 
  ASA status

3.0 (2.0-3.0) 2.0 (2.0-3.0) P = 0.161

  Median (IQR) 
  total surgery 
  time in minutes

117.5 (108.8-135.0) 107.5 (86.3-128.8) P = 0.163

Table 1  Demographic data

IQR: Interquantile range; n: Numbers; ITM: Intrathecal morphine; FNB: 
Femoral nerve block.
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patients early and discharge from the hospital as early 
as possible. Hence good pain control in immediate 
postoperative period is imperative for early mobilization 
and full flexion recovery.

ITM provides excellent post-operative analgesia and 
with low dosage it gives segmental analgesia, resulting 
in localized nociception without motor, sensory or 
autonomic side effects[4]. Late last century very large 
dose up to 4 mg ITM was used while today the dose 
ranges from 0.1-0.5 mg, depending on the type of 
surgery[5]. In one meta-analysis, it was shown that the 
use of ITM at dose < 0.3 mg, the rate of episodes of 
respiratory depression was not higher compared to the 
placebo group who received systemic opioids[6]. In our 
analysis where 0.2 mg ITM was used, no respiratory 
depression was recorded. Other undesirable side 
effects of ITM are itching, urinary retention and PONV. 
All patients who had received ITM in our analyses had 

indwelling urinary catheter for the first 24 h. Also they 
received round the clock prophylactic antiemetic and 
hence no patient suffered from PONV. 

Regional and peripheral nerve blocks are promising 
inclusions in multimodal analgesia techniques. 
According to one study, femoral nerve block is still 
the gold standard for an effective analgesia approach 
in knee arthroplasty and should be supplemented 
(if needed) by oral opioids[7]. Femoral nerve block is 
frequently used as a part of multimodal technique for 
postoperative analgesia after TKA all over the world. 
In a meta-analysis by Paul et al[8], single shot FNB or 
continuous FNB plus patient controlled analgesia (PCA) 
was found to be superior to PCA alone for postoperative 
analgesia for patients having TKA. The impact of adding 
a continuous FNB to a single shot FNB was not found to 
be superior and further investigations were suggested 
by the authors. The use of single shot FNB was frequent 

Pain scores (VAS) of patients in FNB group
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Figure 1  Pain scores at 6, 12  and 24 h in femoral nerve block group. ITM: Intrathecal morphine; FNB: Femoral nerve block; VAS: Visual analogue scale.

Figure 2  Pain scores at 6, 12 and 24 h in intrathecal morphine group. ITM: Intrathecal morphine; FNB: Femoral nerve block; VAS: Visual analogue 
scale.
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at our hospital in 2013 and 2014. Also, single shot FNB 
can have analgesic effect from 12 to 24 h[9,10] and may 
extend up to 48 h[11]. Similarly analgesic effect of ITM 
also lasts for around 24 h and hence it is only fair to 
compare ITM and single shot FNB for their efficacy for 
postoperative analgesia.

In a meta-analysis by PROSPECT working group[1], 
for joint replacement surgery GA combined with an FNB 
for surgery and postoperative analgesia, or SA with 
local anesthetic plus ITM is recommended. The group 
also recommends cooling and compression techniques, 
paracetamol and conventional NSAIDs or COX-2-
selective inhibitors, plus intravenous strong opioids 
(high-intensity pain) or weak opioids (moderate- to 
low-intensity pain) for postoperative analgesia. At our 
institute we follow these recommendations. In addition, 

the surgical team also prefers to use local infiltration 
technique as described earlier. 

FNB requires the use of ultrasound machine and a 
special needle, which add to the cost. Also, an expertise 
in performing the FNB is necessary for good outcome. 
Additional time to perform and to evaluate the block is 
also required. In addition, there is a possibility of motor 
weakness which can increase the risk of postoperative 
fall. ITM is very cost effective, time saving and a rela
tively simple technique. Having these considerations on 
our mind we decided to analyze the outcome for these 
two techniques and found that ITM group had lower 
pain scores in the first 24 hour after surgery though the 
number of patients that we could include was small. 

We found three more clinical trials in the literature 
comparing ITM and FNB for primary unilateral TKA but 
in all three trials both groups had received SA. In the 
study published by Frassanito et al[2], where SA was 
used for both ITM and FNB group, the 24 h and 48 h 
morphine consumption was lower in ITM group though 
not statistically significant. In this prospective study, a 
very low dose of ITM of 0.1 mg was used. In another 
trial by Sites et al[12] there was no statistically significant 
difference in the morphine consumption or pain scores 
between ITM and FNB group where SA was used for 
both groups. This trial reports more adverse effects 
in ITM group compared to FNB group but a slightly 
higher dose of ITM 0.25 mg was used. Tarkkila et al[13] 
compared ITM with continuous 3 in 1 femoral block 
in primary unilateral TKA patients and reported lower 
pain scores in ITM group. Our study involved use of 0.2 
mg ITM with statistically significant lower pain scores 
and morphine consumption without any respiratory 
depression. Perhaps a large prospective trial with 
standardized drug regime and multivariate analysis may 

ITM (n  = 22) FNB (n  = 32)

  Ease of performance Very easy, no special training Expertise and training required, special equipment required
  Added cost Only morphine Ultrasound machine, special needle and local anesthetic
  Median (IQR) pain score at: Low High
     6 h 0.0 (0.0-0.0) 2.0 (2.0-4.8)
     12 h 0.0 (0.0-0.0) 2.0 (2.0-3.8)
     24 h 0.0 (0.0-0.3) 2.0 (2.0-4.0)
  Median (IQR) of morphine requirement (in mg) in 24 h Low 5.0 (3.8-10.0) High 16.5 (8.0-21.5)
  Median (IQR) of NSAID unit in 24 h 2.0 (1.0-2.0) 1.0 (0.0-1.3)
  Median (IQR) of Paracetamol (G) in 24 h 3.0 (2.0-3.0) 3.0 (2.0-4.0)
  Complications Low Low

No PONV since antiemetic 
prescribed in anticipation

Incidence of PONV was higher since no regular antiemetic 
given (16 at 6 h, 11 at 12 h and 9 at 24 h)

No urinary retention since all 
patients were catheterized

No urine retention

No respiratory depression No respiratory depression
No itching recorded No itching recorded

  Number of elective HDU admission status 3 (15%) 2 (6.5%)
  Median (IQR) days to discharge 4.5 (3.0-5.0) 4.0 (3.0-6.0)
  Patient satisfaction 18/20 (90.0%) rated good 4/31 (12.9%) rated good

Table 2  Results

IQR: Interquantile range; n: Numbers; ITM: Intrathecal morphine; FNB: Femoral nerve block; PONV: Post-operative nausea and vomiting; HDU: High 
dependency unit.

Comparison of median analgesic requirement
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Figure 3  Comparison of median analgesic requirement in 24 h. ITM: 
Intrathecal morphine; FNB: Femoral nerve block: NSAID: Non-steroid anti-
inflammatory drug.
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be needed to prove superiority of ITM over FNB in this 
particular group of surgical patients. 

From our analysis we conclude that 0.2 mg ITM with 
SA is more effective for first 24 hour postoperatively 
compared to single shot FNB with GA for primary 
unilateral TKA. Also, 0.2 mg ITM is safe, time saving 
and cost effective with better patient satisfaction 
compared to FNB.
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COMMENTS
Background
Total knee arthroplasty (TKA) leads to considerable post-operative pain, which 
requires optimal control for early mobilization. Till date, varieties of techniques 
and drugs have been used to achieve this optimal pain control. Use of 
intrathecal morphine (ITM) with spinal anesthesia (SA) is extremely easy and 
can be time saving and cost effective. Also, femoral nerve block (FNB) is one 
of the easiest peripheral nerve blocks. In this study the authors have compared 
these two easy techniques for postoperative pain management after TKA.

Research frontiers
Regional blocks are commonly used for pain management after TKA. Most 
recent studies are comparing femoral nerve blocks with adductor canal block 
and local infiltration techniques. This study compares use of ITM with SA and 
FNB with GA. In the past only three other studies have compared ITM and 
FNB, albeit both groups had undergone surgery under SA. 

Innovations and breakthroughs
In this study, 0.2 mg ITM with SA was more effective for first 24 hour post
operatively compared to single shot FNB with GA for primary unilateral TKA. 
In one previous study, which compared 0.1 mg ITM with SA and FNB with SA, 
pain scores and postoperative opioid consumption were lower in ITM group 
though statistically not significant. In another similar study, ITM group had more 
complications when a higher dose of 0.25 mg ITM was used. In their study 
using 0.2 mg ITM, lower pain scores and opioid consumption were statistically 
significant. This study also illustrates that use of adequate prophylaxis can 
prevent known complications of ITM. 

Applications
This retrospective analysis shows that 0.2 mg ITM with SA is more effective 
for first 24 h postoperatively compared to single shot FNB with GA for primary 
unilateral TKA. Perhaps a prospective trial with standardized drug regime 
and multivariate analysis in a large group of patients is required to prove their 
findings.

Terminology
ITM: Intrathecal morphine; FNB: Femoral nerve block; SA: Spinal anesthesia; 
GA: General anesthesia; PONV: Postoperative nausea and vomiting; PCA: 
Patient controlled analgesia; NSAIDs: Non-steroidal anti-inflammatory drugs; 
VAS: Visual analogue scale.

Peer-review
This retrospective analysis is worthy of publishing as it provides value clinical 

information for how pre-emptive analgesia could effectively prevent or mitigate 
postoperative pain.
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