
World Journal of 
Cardiology
World J Cardiol  2013 October 26; 5(10): 375-396

ISSN 1949-8462 (online)

www.wjgnet.com



EDITORS-IN-CHIEF
Raúl Moreno, Madrid
Victor L Serebruany, Baltimore

STRATEGY ASSOCIATE 
EDITORS-IN-CHIEF
Amitesh Aggarwal, Delhi
Imtiaz S Ali, Halifax
Giuseppe Biondi-Zoccai, Turin
AC Campos de Carvalho, Rio de Janeiro
Serafino Fazio, Naples
Steven Joseph Haas, Melbourne
Masoor Kamalesh, Indianapolis
Peter A McCullough, Royal Oak
Giuseppe Mulé, Palermo
Mamas A Mamas, Manchester
Shinro Matsuo, Kanazawa
Prashanth Panduranga, Muscat
Rui A Providência, Coimbra
Seung-Woon Rha, Seoul
Manel Sabaté, Barcelona
SAM Said, Hengelo

GUEST EDITORIAL BOARD 
MEMBERS
Shih-Tai Chang, Chua-Yi Shien
Mien-Cheng Chen, Kaohsiung
Ming-Jui Hung, Keelung
Pi-Chang Lee, Taipei
Hung-Jung Lin, Tainan
Shoa-Lin Lin, Kaohsiung
Chin-San Liu, Changhua
Wei-Chuan Tsai, Tainan
Chin-Hsiao Tseng, Taipei

MEMBERS OF THE EDITORIAL 
BOARD

Argentina
Tomás F Cianciulli, Buenos Aires

José Milei, Buenos Aires
Alfredo E Rodriguez, Buenos Aires
Gaston A Rodriguez-Granillo, Buenos Aires

Australia
Yuri V Bobryshev, Kensington
Gavin Lambert, Melbourne
Peter J Little, Melbourne
Ralph Nigel Martins, Nedlands
Trevor A Mori, Perth
Jason N Peart, Brisbane
Joseph B Selvanayagam, Adelaide
Zhonghua Sun, Perth

Belgium

Bernhard L Gerber, Woluwe St. Lambert
Paul Vermeersch, Antwerp

Brazil

Luiz César Guarita-Souza, Curitiba Pr
CA Mandarim-de-Lacerda, Rio de Janeiro
Cristiane Pulz, Code
Jose E Tanus-Santos, Ribeirao Preto

Canada

Rodrigo Bagur, Quebec
Olivier F Bertrand, Quebec
MG Bourassa, Quebec
Mohamed Chahine, Québec
Michael CY Chan, Edmonton
Clara Chow, Sydney
Paul Farand, Sherbrooke
R Michael Giuffre, Alberta
Haissam Haddad, Ontario

Pavel Hamet, Québec
Francois Harel, Montreal
Ismail Laher, Vancouver
Frans HH Leenen, Ontario
Gordon Moe, Ontario
Kambiz Norozi, London
Louis P Perrault, Quebec
Philippe Pibarot, Quebec
Shirya Rashid, Hamilton
Robert Roberts, Ottawa
Grzegorz Sawicki, Saskatoon
Chantale Simard, Québec
Jack CJ Sun, Hamilton
Anthony S Tang, Victoria

Chile
Xavier F Figueroa, Santiago

China
Shao-Liang Chen, Nanjing
Lan Huang, Chongqing
En-Zhi Jia, Nanjing
Bin Jiang, Beijing
Man-Hong Jim, Hong Kong
Jian-Jun Li, Beijing
Tong Liu, Tianjin
Yong Xu, Nanjing
Xiao-Ming Zhang, Hangzhou

Colombia
Patricio Lopez-Jaramillo, Santander

Czech
Jan Sochman, Prague

Editorial Board
2009-2013

The World Journal of Cardiology Editorial Board consists of 362 members, representing a team of worldwide experts 
in cardiology. They are from 43 countries, including Argentina (4), Australia (9), Belgium (2), Brazil (5), Canada 
(24), Chile (1), China (18), Colombia (1), Czech (1), Denmark (4), France (3), Germany (32), Greece (14), Hungary 
(2), India (8), Iran (2), Ireland (1), Israel (2), Italy (44), Japan (24), Kosovo (1), Lebanon(1), Malaysia (1), Mexico (1), 
Morocco (1), Netherlands (9), Nigeria (1), Oman (1), Pakistan (1), Poland (3), Portugal (1), Russia (1), Singapore (1), 
Slovenia (2), South Africa (2), South Korea (6), Spain (10), Switzerland (1), Thailand (1), Turkey (8), United Kingdom 
(14), United States (93), and Uruguay (1).

World Journal of 
CardiologyW J C

January 26, 2013IWJC|www.wjgnet.com



Denmark
Morten Grunnet, Ballerup
Won Yong Kim, Aarhus
Ole Dyg Pedersen, Copenhagen
Jacob Tfelt-Hansen, Copenhagen

France

Philippe Commeau, Ollioules
Yves D Durandy, Massy
Thierry Lefèvre, Massy

Germany

Ferruh Artunc, Tübingen
Muhammet A Aydin, Hamburg
Alexander Bauer, Heidelberg
Peter Bernhardt, Ulm
Torsten Bossert, Jena
Marcus Dörr, Greifswald
Holger Eggebrecht, Essen
Tommaso Gori, Mainz
Dariusch Haghi, Mannheim
Stefan E Hardt, Heidelberg
Klaus Hertting, Hamburg
Thomas Jax, Neuss
Thorsten Kälsch, Mannheim
Klaus Kettering, Frankfurt
Grigorios Korosoglou, Heidelberg
Horst J Kuhn, Planegg
Lorenz H Lehmann, Heidelberg
Huige Li, Mainz
Veselin Mitrovic, Bad Nauheim
Ulrich Nellessen, Stendal
Guenter Pilz, Hausham
Peter W Radke, Lübeck
Obaida Rana, Aachen
Tienush Rassaf, Düsseldorf
Oliver Ritter, Wuerzburg
Erol Saygili, Aachen
Dirk Skowasch, Bonn
Tim Süselbeck, Mannheim
Dirk Taubert, Cologne
Theodor Tirilomis, Goettingen
Stephen Wildhirt, Ulm
Thomas Zeller, Bad Krozingen

Greece

Yiannis S Chatzizisis, Thessaloniki
Moses S Elisaf, Ioannina
Gerasimos Filippatos, Athens
Panagiotis Korantzopoulos, Ioannina
Nicholas G Kounis, Patras
Antigone Lazou, Thessaloniki
Konstantinos P Letsas, Athens
Athanassios N Manginas, Athens
Lampros Michalis, Ioannian
Serafim Nanas, Athens
Loukianos S Rallidis, Athens
Georgios I Tagarakis, Thessaloniki
Dimitrios Tziakas, Alexandroupolis
Theodoros Xanthos, Athens

Hungary

Gergely Feher, Pecs

Albert Varga, Szeged

India
MPS Chawla, Roorkee
S Dwivedi, Delhi
Rajeev Gupta, Jaipur
Deepak Kaul, Chandigarh
Prabhakaran Prabhakaran, New Delhi
KV Pugalendi, Tamilnadu
Rajesh Vijayvergiya, Chandigarh

Iran
VR Dabbagh Kakhki, Mashhad
Roya Kelishadi, Isfahan

Ireland 
Jonathan D Dodd, Dublin

Israel
Jacob George, Tel Aviv
E Goldhammer, Haifa

Italy
Maria Grazia Andreassi, Massa
Giuseppe Barbaro, Rome
Riccardo Bigi, Milan
Tonino Bombardini, Pisa
Filippo Cademartiri, Parma
Alessandro Capucci, Piacenza
Sergio Coccheri, Bologna
Antonio Colombo, Milan
Alberto Cuocolo, Napoli
Roberto De Ponti, Varese
Gianluca Di Bella, Messina
Giovanni Fazio, Palermo
Vittorio Fineschi, Foggia
Antonio F Folino, Padova
Gabriele Fragasso, Milano
Carmine Gazzaruso, Vigevano
Massimo Imazio, Torino
Federico Lombardi, Milan
Roberto Marchioli, Santa Maria Imbaro
Giovan Giuseppe Mattera, Pomezia
Germano Melissano, Milano
Pietro A Modesti, Florence
Eraldo Occhetta, Novara
Pasquale Pagliaro, Orbassano
Emilio Maria G Pasanisi, Pisa
Vincenzo Pasceri, Rome
Salvatore Patanè, Messina
Nunzia Rosa Petix, Florence
Eugenio Picano, Pisa
Rita Rezzani, Brescia
Manfredi Rizzo, Palermo
Gian Paolo Rossi, Padua
Speranza Rubattu, Rome
Andrea Rubboli, Bologna
Rosa Sicari, Pisa
Giuseppe Tarantini, Padua
Luigi Tavazzi, Cotignola
Luca Testa, Milan
Maurizio Turiel, Milan
Cristina Vassalle, Pisa
Massimo Volpe, Rome

Japan

Yoshifusa Aizawa, Niigata
Junichiro Hashimoto, Sendai
Hajime Kataoka, Oita
Akinori Kimura, Tokyo
Sei Komatsu, Amagasaki
Ikuo Fukuda, Hirosaki
Satoshi Kurisu, Hiroshima
Yoshihiro Matsumoto, Shizuoka
Tetsuo Minamino, Osaka
Yoko Miyasaka, Osaka
Kenichi Nakajima, Kanazawa
Mashio Nakamura, Tsu
Kazuaki Nishio, Tokyo
Koichi Sakabe, Kagawa
Masataka Sata, Tokushima
Shinji Satoh, Fukuoka
Yoshihide Takahashi, Kanagawa
Masamichi Takano, Chiba
Kengo Tanabe, Tokyo
Hiroki Teragawa, Hiroshima 
Hiroyasu Ueda, Osaka
Takanori Yasu, Okinawa
Hiroshi Yoshida, Chiba

Kosovo

Gani Bajraktari, Prishtina

Lebanon

Habib A Dakik, Beirut

Malaysia

Eric Tien Siang Lim, Johor

Mexico

Enrique Vallejo, Mexico

Morocco

Abdenasser Drighil, Casablanca

Netherlands

Folkert Wouter Asselbergs, Groningen
Jeroen J Bax, Leiden
JJ Brugts, Rotterdam
Peter W de Leeuw, AZ Maastricht
Corstiaan A Den Uil, Rotterdam
PA Doevendans, Utrecht
D Poldermans, Rotterdam
PW Serruys, Rotterdam

Nigeria

OS Ogah, Ibadan

Pakistan
Fahim H Jafary, Karachi

January 26, 2013IIWJC|www.wjgnet.com



Poland

Pawel Buszman, Katowice
Maciej Kurpisz, Poznan
Sebastian Szmit, Warsaw

Russia

Nadezda Bylova, Moscow

Singapore

Jinsong Bian, Singapore

Slovenia

Mitja Lainscak, Golnik
Matej Podbregar, Ljublajna

South Africa

Benjamin Longo-Mbenza, Pretoria
JP Smedema, Capetown

South Korea

Jang-Ho Bae, Daejeon
Young-Guk Ko, Seoul
Sang-Hak Lee, Seoul
Pil-Ki Min, Seoul
Seung-Jung Park, Seoul

Spain

Miguel A Arias, Toledo
Antoni Bayés-Genís, Barcelona
Alberto Dominguez-Rodriguez, Tenerife
Lorenzo Facila, Castellon
José Luis Pérez-Castrillon, Valladolid
Jesus Peteiro, Coruña
Pedro L Sánchez, Madrid
José L Zamorano, Madrid

Switzerland

Paul Erne, Luzern

Thailand

Nipon Chattipakorn, Chiang Mai

Turkey

Turgay Çelik, Etlik-Ankara

Yengi U Celikyurt, Kocaeli
Hamza Duygu, Yesilyurt
Cemil Gürgün, İzmir
T Fikret Ilgenli, Kocaeli
Ergün Barış Kaya, Ankara
Mehmet Ozaydin, Isparta
Mustafa Yildiz, Istanbul

United Kingdom

AD Blann, Birmingham
Geoffrey Burnstock, London
John GF Cleland, Kingston upon Hull
Armen Yuri Gasparyan, Dudley
Derek J Hausenloy, London
Farhad Kamali, Newcastle upon Tyne
Juan Carlos Kaski, London
Rajesh G Katare, Bristol
Sohail Q Khan, Manchester
Khalid Rahman, Liverpool
Alexander M Seifalian, London
Mark Slevin, Manchester
Anastasis Stephanou, London

United States

Kamran Akram, Omaha
Arshad Ali, Ashland
Mouaz Al-Mallah, Detroit
Naser M Ammash, Rochester
Vignendra Ariyarajah, Philadelphia
Wilbert S Aronow, Valhalla
S Serge Barold, Tampa
Gregory W Barsness, Rochester
Daniel S Berman, Los Angeles
John F Beshai, Chicago
William E Boden, Buffalo
Somjot S Brar, Los Angeles
David W Brown, Decatur
Lu Cai, Louisville
Christopher Paul Cannon, Boston
Ricardo Castillo, Brooklyn
Jun R Chiong, Loma Linda
Steven G Chrysant, Oklahoma
Timm Dickfeld, Baltimore
Dayue Darrel Duan, Reno
Rosemary B Duda, Boston
Michael E Farkouh, New York
Arthur Michael Feldman, Philadelphia
Ronald Freudenberger, Allentown
Jalal K Ghali, Detroit
Lev G Goldfarb, Bethesda
Samuel Z Goldhaber, Boston
Hitinder S Gurm, Ann Arbor
Julia H Indik, Tucson
Antony Leslie Innasimuthu, Pittsburgh
Ami E Iskandrian, Birmingham
Rovshan M Ismailov, Pittsburgh
Diwakar Jain, Philadelphia
Shahrokh Javaheri, Mason

Jacob Joseph, West Roxbury
Bobby V Khan, Atlanta
Christopher M Kramer, Charlottesville
Rakesh C Kukreja, Richmond
Roberto M Lang, Chicago
Marzia Leacche, Nashville
Jingping Lin, Bethesda
Yi-Hwa Liu, New Haven
Angel López-Candales, Pittsburgh
Frank Marcus, Tucson
Malek G Massad, Chicago
Jawahar L Mehta, Little Rock
Robert M Mentzer Jr, Detroit
J Gary Meszaros, Rootstown
Michael Miller, Baltimore
Emile R Mohler III, Philadelphia
Patrick M Moriarty, Kansas City
Jeffrey W Moses, New York
Mohammad-Reza Movahed, Tucson
Gerald V Naccarelli, Hershey
Andrea Natale, Austin
Tien MH Ng, Los Angeles
Steven Nissen, Cleveland
Gian M Novaro, Weston
Brian Olshansky, Iowa
Robert Lee Page II, Aurora
Weihong Pan, Baton Rouge
Linda Pauliks, Hershey
Philip Jack Podrid, Boston
Vikas K Rathi, Midlothian
Jun Ren, Laramie
Harmony R Reynolds, New York
Clive Rosendorff, Bronx
Samir Saba, Pittsburgh
Rajesh Sachdeva, Little Rock
Sandeep A Saha, Spokane
Tiziano M Scarabelli, Detroit
Robert H Schneider, Maharishi Vedic
Frank W Sellke, Providence
Samin K Sharma, New York
Jamshid Shirani, Danville
Boris Z Simkhovich, Los Angeles
Krishna Singh, Johnson City
Laurence S Sperling, Atlanta
Jonathan S Steinberg, New York
Ernst R von Schwarz, Los Angeles
Richard Gary Trohman, Chicago
Tong Tang, San Diego
Qing Kenneth Wang, Cleveland
Yi Wang, Wilmington
Adam Whaley-Connell, Columbia
Bruce L Wilkoff, Cleveland
Qinglin Yang, Birmingham
Xing Sheng Yang, Atlanta
Yucheng Yao, Los Angeles
Midori A Yenari, San Francisco
Cuihua Zhang, Columbia

Uruguay
Juan C Grignola, Montevideo

January 26, 2013IIIWJC|www.wjgnet.com



 

World Journal of 
CardiologyW J C

375	 Migraine	attack	restores	the	response	of	vascular	smooth	muscle	cells	to	

nitric	oxide	but	not	to	norepinephrine

              Napoli R, Guardasole V, Zarra E, De Sena A, Saccà F, Ruvolo A, Grassi S, Giugliano S, 

De Michele G, Cittadini A, Carrieri PB, Saccà L

382	 Low-dose	CT	coronary	angiography	using	iterative	reconstruction	with	a	

256-slice	CT	scanner

Carrascosa P, Rodriguez-Granillo GA, Capuñay C, Deviggiano A

387	 Left	ventricular	myxoma:	Missed	vs 	metastatic

Seethala S

391	 Medical	management	of	connector	pin	thrombosis	with	the	Amplatzer	cardiac	

plug	left	atrial	closure	device

Fernández-Rodríguez D, Vannini L, Martín-Yuste V, Brugaletta S, Robles R, Regueiro A, 

Masotti M, Sabaté M

394	 Circle	of	Willis	atherosclerosis,	Alzheimer’s	disease	and	the	Dean	number

Ismailov RM

Contents Monthly		Volume	5		Number	10		October	26,	2013

IWJC|www.wjgnet.com October 26, 2013|Volume 5|Issue 10|

BRIEF ARTICLE

CASE REPORT

LETTERS TO THE EDITOR



Contents
World Journal of Cardiology

Volume 5  Number 10  October 26, 2013

EDITORS FOR 
THIS ISSUE

Responsible Assistant Editor: Xin-Xin Che              Responsible Science Editor: Xiu-Xia Song 
Responsible Electronic Editor: Jin-Li Yan              
Proofing Editor-in-Chief: Lian-Sheng Ma

EDITORIAL OFFICE
Jin-Lei Wang, Director
Xiu-Xia Song, Vice Director
World Journal of  Cardiology
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: wjc@wjgnet.com
http://www.wjgnet.com

PUBLISHER
Baishideng Publishing Group Co., Limited
Flat C, 23/F., Lucky Plaza, 315-321 Lockhart Road, 
Wan Chai, Hong Kong, China
Fax: +852-65557188
Telephone: +852-31779906
E-mail: bpgoffice@wjgnet.com
http://www.wjgnet.com

PUBLICATION DATE
October 26, 2013

COPYRIGHT
© 2013 Baishideng. 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 repro-
duction in any medium, provided the original work 
is properly cited, the use is non commercial and is 
otherwise in compliance with the license.

SPECIAL STATEMENT 
All articles published in this journal represent the view-
points of  the authors except where indicated otherwise.

INSTRUCTIONS TO AUTHORS
Full instructions are available online at http://www.
wjgnet.com/1949-8462/g_info_20100316161927.htm.

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

IIWJC|www.wjgnet.com

APPENDIX

ABOUT COVER

AIM AND SCOPE

FLYLEAF

October 26, 2013|Volume 5|Issue 10|

NAME OF JOURNAL 
World Journal of  Cardiology

ISSN
ISSN 1949-8462 (online)

LAUNCH DATE
December 31, 2009

FREQUENCY
Monthly

EDITORS-IN-CHIEF
Raúl Moreno, MD, Director of  Interventional Car-
diology, Interventional Cardiology, Hospital La Paz, 
Paseo La Castellana, 261, 28041 Madrid, Spain

Victor L Serebruany, MD, PhD, Associate Profes-
sor, Johns Hopkins University School of  Medicine, 
President, HeartDrug™ Research Laboratories, Osler 
Medical Center, 7600 Osler Drive, Suite 307, Towson, 
MD 21204, United States

I-V Instructions to authors

Strategy Associate Editor-in-Chief of World Journal of Cardiology , Amitesh 
Aggarwal, Assistant Professor, Department of Medicine, Preventive Cardiology, 
University College of Medical Sciences and GTB Hospital, Delhi, 110095, India

World Journal of  Cardiology (World J Cardiol, WJC, online ISSN 1949-8462, DOI: 10.4330) 
is a peer-reviewed open access journal that aims to guide clinical practice and improve 
diagnostic and therapeutic skills of  clinicians.
    WJC covers topics concerning arrhythmia, heart failure, vascular disease, stroke, 
hypertension, prevention and epidemiology, dyslipidemia and metabolic disorders, 
cardiac imaging, pediatrics, nursing, and health promotion. Priority publication will 
be given to articles concerning diagnosis and treatment of  cardiology diseases. The 
following aspects are covered: Clinical diagnosis, laboratory diagnosis, differential 
diagnosis, imaging tests, pathological diagnosis, molecular biological diagnosis, 
immunological diagnosis, genetic diagnosis, functional diagnostics, and physical 
diagnosis; and comprehensive therapy, drug therapy, surgical therapy, interventional 
treatment, minimally invasive therapy, and robot-assisted therapy. 
    We encourage authors to submit their manuscripts to WJC. 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  Cardiology is now indexed in PubMed Central, PubMed, Digital Object 
Identifier, and Directory of  Open Access Journals.

I-III Editorial Board

INDEXING/
ABSTRACTING 



Raffaele Napoli, Vincenzo Guardasole, Emanuela Zarra, Antonietta De Sena, Francesco Saccà , Antonio Ruvolo, 
Simona Grassi, Speranza Giugliano, Giovanna De Michele, Antonio Cittadini, Pietro Biagio Carrieri, Luigi Saccà

Migraine attack restores the response of vascular smooth 
muscle cells to nitric oxide but not to norepinephrine

Raffaele Napoli, Vincenzo Guardasole, Emanuela Zarra, An-
tonietta De Sena, Antonio Ruvolo, Simona Grassi, Speranza 
Giugliano, Giovanna De Michele, Antonio Cittadini, Luigi 
Saccà, Department of Translational Medical Sciences, Federico 
Ⅱ University School of Medicine, 80131 Naples, Italy
Francesco Saccà, Pietro Biagio Carrieri, Department of Neu-
rology, Federico Ⅱ University School of Medicine, 80131 
Naples, Italy
Author contributions: Napoli R had full access to all of the 
data in the study and takes responsibility for the integrity of 
the data and the accuracy of the data analysis; Napoli R, Car-
rieri PB and Saccà L studied concept and design; Napoli R, 
Guardasole V, Zarra E, De Sena A, Saccà F, Ruvolo A, Grassi 
S, Giugliano S, De Michele G and Cittadini A did the experi-
ments and acquisition of data; Napoli R, Carrieri PB and Saccà 
L  did the analysis and interpretation of data; Napoli R and 
Saccà L did the drafting of the manuscript; Guardasole V, Zarra 
E, De Sena A, Saccà F, Ruvolo A, Grassi S, Giugliano S, De 
Michele G, Cittadini A and Carrieri PB made critical revision 
of the manuscript for important intellectual content; Napoli R 
and Saccà L performed statistical analysis; Napoli R and Saccà 
L did study supervision; all authors have read and approved the 
final version of the article.
Correspondence to: Raffaele Napoli, MD, Department of 
Translational Medical Sciences, Federico Ⅱ University School of 
Medicine, Via Pansini 5, 80131 Napoli, 
Italy. napoli@unina.it
Telephone: +39-81-7463736  Fax: +39-81-7463198
Received: May 8, 2013           Revised: August 10, 2013
Accepted: September 13, 2013
Published online: October 26, 2013

Abstract
AIM: To clarify whether the vasoconstrictory response 
is impaired and to study vascular function in patients 
with migraine during the headache attack.

METHODS: We studied vascular reactivity in the re-
sistance arteries by using the forearm perfusion tech-
nique associated with plethysmography. We measured 
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forearm blood flow by strain-gauge plethysmography 
during intra-brachial infusion of acetylcholine, sodium 
nitroprusside or norepinephrine in 11 controls and 13 
patients with migraine, 11 of them (M) in the interval 
between the migraine attacks and 4 during a headache 
attack (MH). Written informed consent was obtained 
from patients and healthy controls, and the study was 
approved by the Ethics Committee of the University 
Federico Ⅱ.

RESULTS: Compared to healthy control subjects, in 
patients with migraine studied during the interictal 
period, the vasodilating effect of acetylcholine, that 
acts through the stimulation of endothelial cells and 
the release of nitric oxide, was markedly reduced, but 
became normal during the headache attack (P  < 0.05 
by analysis of variance). The response to nitroprusside, 
which directly relaxes vascular smooth muscle cells 
(VSMCs), was depressed in patients with migraine stud-
ied during the interictal period, but normal during the 
headache attack (P  < 0.005). During norepinephrine 
infusion, forearm blood flow decreased in control sub-
jects (-40% ± 5%, P  < 0.001). In contrast, in patients 
with migraine, either when studied during or free of 
the headache attack forearm blood flow did not change 
compared to the baseline value (-3% ± 13% and 
-10.4% ± 15%, P  > 0.05). 

CONCLUSION: In migrainers, the impaired relaxation 
of VSMCs is restored during the headache attack. The 
vasoconstrictory response is impaired and remains un-
changed during the migraine attack.

© 2013 Baishideng. All rights reserved.

Key words: Migraine; Nitric oxide; Endothelium; Vascu-
lar smooth muscle cells

Core tip: Patients with migraine without aura studied in 
the interictal period are characterized by impaired abil-

375



ity of vascular smooth muscle cells (VSMCs) to relax in 
response to nitric oxide and to contract in response to 
norepinephrine. We hypothesize that the two defects 
compensate for each other and this provides for the 
maintenance of normal vascular resistance and blood 
pressure homeostasis. In contrast, during the headache 
attack, the VSMCs regain their ability to respond to ni-
tric oxide, but remain unresponsive to norepinephrine. 
Such differential effect of the migraine attack is not sur-
prising, given that nitric oxide and norepinephrine acti-
vate different intracellular signaling pathways in VSMCs.

Napoli R, Guardasole V, Zarra E, De Sena A, Saccà F, Ruvolo A, 
Grassi S, Giugliano S, De Michele G, Cittadini A, Carrieri PB, 
Saccà L. Migraine attack restores the response of vascular smooth 
muscle cells to nitric oxide but not to norepinephrine. World J 
Cardiol 2013; 5(10): 375-381  Available from: URL: http://www.
wjgnet.com/1949-8462/full/v5/i10/375.htm  DOI: http://dx.doi.
org/10.4330/wjc.v5.i10.375

INTRODUCTION
Migraine is a widely common disease. Two thirds of  
migraineurs suffer from migraine without aura, whereas 
a third of  patients present with migraine preceded by 
aura. Migraine has been associated with an increased risk 
of  cardiovascular events, including myocardial infarc-
tion and ischemic stroke[1-3]. However, we have recently 
demonstrated that patients with migraine without aura, 
studied during the interictal period, do not present pe-
ripheral endothelial dysfunction, which is classically asso-
ciated with a worse cardiovascular risk profile, but rather 
an abnormal relaxation of  the vascular smooth muscle 
cells (VSMCs), that results in impaired vasodilation[4,5]. 
However, it is unclear whether the inability of  VSMCs 
to respond to vasodilators is an isolated abnormality or, 
rather, reflects a more complex hemodynamic alteration, 
also involving the vasoconstrictory component. Further-
more, the peripheral vascular function in patients with 
migraine has been studied mainly during the interictal 
period. Therefore, whether the abnormalities in vascular 
function observed in patients with migraine are also pres-
ent during the headache attack is unknown. Elucidation 
of  the vascular response in patients with migraine both 
free of  and during the headache episode would be of  
great importance to our understanding of  the mecha-
nisms involved in the pathogenesis of  the disease and to 
better design appropriate therapeutic approaches.

MATERIALS AND METHODS
Patients
We studied 13 patients affected by migraine without 
aura and eleven healthy subjects in whom migraine was 
excluded, who served as controls (Table 1). The control 
subjects (C group) were recruited from hospital and labo-
ratory personnel and were matched to the patients with 

regard to age, body mass index and sex. The diagnosis 
of  migraine was made according to the criteria of  the In-
ternational Headache Society[6,7]. Subjects with hyperten-
sion, diabetes, high cholesterol, history of  cardiovascular 
events and cigarette smoking were excluded from the 
study. None of  the patients was taking any medication 
except those to treat the migraine attack. On the day 
of  study, patients were either headache free for at least 
five days (11 subjects, M group) or were experiencing a 
headache attack that had started a few hours earlier (4 pa-
tients, MH group). These patients abstained from taking 
any medication until the end of  the study period. Two 
patients underwent both studies (free of  or during the 
headache attack). Written informed consent was obtained 
from patients and healthy controls, and the study was ap-
proved by the Ethics Committee of  the University Fed-
erico Ⅱ. This research received no specific grant from 
any funding agency in the public, commercial, or not-for-
profit sectors. 

Vascular reactivity
We studied vascular reactivity in the resistance arteries by 
using the forearm perfusion technique associated with 
plethysmography, as previously described[4,8-11]. Briefly, 
a plastic cannula (20 G) was inserted into the brachial 
artery of  the nondominant arm under local anesthesia 
and used for the infusion of  the test substances and the 
monitoring of  arterial blood pressure and heart rate. 
Forearm blood flow (FBF) was measured in both fore-
arms by strain gauge plethysmography, with a calibrated 
mercury-in-silastic strain gauge applied around the fore-
arm and connected to a plethysmography (Hokanson 045 
EC4, PMS. Instruments, Berks, United kingdom) associ-
ated with a McLab computer. Each subject underwent 
the following step-wise infusions into the brachial artery: 
(1) acetylcholine (Ach) to assess endothelial-mediated 
vasodilation; and (2) sodium nitroprusside (NP), a nitric 
oxide (NO) donor that directly stimulates VSMCs, to as-
sess non-endothelial-mediated vasodilation. At least half  
an hour after the NP infusion and when baseline FBF 
was restored, each subject received the infusion into the 
brachial artery of  norepinephrine (NE) at the rate of  
280 μg/L per minute for 5.5 min to assess the vascular 
response to sympathetic stimulation. This dose of  NE 
was chosen on the basis of  our previous experiments that 
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Sex 
(male/
female)

Age
(yr)

BMI
(kg/m2)

SBP
(mmHg)

DBP
(mmHg)

HR
(beats/min)

  Controls (n = 11) 5/6 33 ± 3.4 24 ± 0.8 127 ± 2.1 60 ± 1.8 65 ± 2
  M (n = 11) 4/7 34 ± 1.9 24 ± 1.1 125 ± 3.3 65 ± 2.6 68 ± 3
  MH (n = 4) 0/4 28 ± 3.9 24 ± 0.9 115 ± 4.2 60 ± 1.8 68 ± 2

Table 1  Baseline clinical characteristics of the subjects 
studied (mean ± SE)

The patients with migraine were studied during the interictal period (group 
M) or the headache attack (group MH). BMI: Body mass index; SBP: Sys-
tolic blood pressure; DBP: Diastolic blood pressure; HR: Heart rate.



showed a near half-maximal fall in FBF. The investiga-
tors making the measurements of  vascular reactivity were 
blind to the clinical status of  the subjects undergoing the 
experiments.

Calculations
Based on previously published data[4], we computed the 
minimum sample size with respect to a two-tailed Stu-
dent t test, considering: (1) a difference for the slope of  
the dose response curve to Ach to be detected between 
controls and migrainers as δ ≥ 0.25 mL/(dL·min·μg); 
(2) a value of  SD = 0.156 mL/(dL·min·μg); and (3) a 
type Ⅰ error probability = 0.05 and a power = 0.90. This 
results in a minimum sample size of  n = 9 subjects for 
group. Since no data are available in the literature regard-
ing the response to norepinephrine of  FBF in migrain-
ers, we decided to increase the number of  subjects to be 
recruited to 11 per group.

Statistical analysis
The differences in clinical and metabolic parameters 
between the three study groups were analyzed by the 
unpaired Student’s t test with Bonferroni correction for 
multiple comparisons. Vascular reactivity data are ex-
pressed as absolute values of  FBF. Comparison between 
migraine and control subjects was performed by a two-
way analysis of  variance for repeated measures (General 
Linear Model, version 13.0, SPSS Inc., Chicago, IL, Unit-
ed States) and Least Significant Difference test was used 
for post hoc analysis. Comparison between baseline and 
NE infusion data was performed by the paired Student’s t 
test. Results are expressed as mean ± SE.

RESULTS
The baseline values of  FBF were similar in the three 
groups (Figure 1). Infusion of  ACh, an endothelium-
dependent vasodilator, elicited a progressive vasodilatory 
response in all groups (P < 0.001). However, in patients 

with migraine studied during the interictal period, FBF re-
sponse was lower than that of  control subjects (P < 0.05). 
In contrast, patients studied during the headache attack 
showed a more intense response to Ach infusion (P < 0.02 
vs M; Figure 1). In response to the highest dose of  Ach, 
FBF rose to 19.6 ± 3.1, 8.8 ± 2.4, and 22.9 ± 2.2 mL/dL 
per minute in controls and migraine patients without or 
with headache attack, respectively (P = 0.036 for M group 
vs C and P < 0.02 vs MH). The response to ACh was also 
analyzed using the slope of  the dose-response curves. In 
the patients with migraine without headache the average 
slope was markedly less steep than in controls (0.11 ± 0.05 
and 0.31 ± 0.05 mL/(dL·min·μg), respectively; P = 0.03). 
In contrast, the slope of  the dose response curve to Ach 
in migraine patients during the headache attack was simi-
lar to controls (0.39 ± 0.04 mL/(dL·min·μg), P < 0.02 vs M, 
P = NS vs C).

The dose-response curve to NP, an NO donor direct-
ly acting on VSMCs, is shown in Figure 1. As compared 
with controls, patients with migraine without headache 
showed a significantly lower response at all infusion rates 
(P = 0.004 vs C). In contrast, patients with migraine dur-
ing the headache attack showed a response to NP similar 
to controls and markedly increased when compared to 
migrainers studied during the interictal period (P = NS 
vs C and P = 0.002 vs M). The maximal response of  FBF 
to NP was 22.2 ± 1.9, 12.8 ± 1.9 and 26.6 ± 3.8 mL/dL 
per minute in controls and migraine patients without or 
with headache attack, respectively (P < 0.02 for M group 
vs C and MH). The response to NP was also analyzed 
using the slope of  the dose-response curves. In the pa-
tients with migraine without headache the average slope 
was markedly less steep than in controls [1.05 ± 0.19 and 
1.96 ± 0.20 mL/(dL·min·μg), respectively; P < 0.01]. In 
contrast, the slope of  the dose response curve to NP in 
migraine patients during the headache attack was similar 
to controls [2.29 ± 0.29 mL/(dL·min·μg), P < 0.02 vs M, 
P > 0.05 vs C].

In Figure 2, we report the dose response curves to 

October 26, 2013|Volume 5|Issue 10|WJC|www.wjgnet.com 377

Controls (n  = 11)

M (n  = 11)

MH (n  = 4)

0         15         30        45         60             0             1              3             9

30

25

20

15

10

5

0

Fo
re

ar
m

 b
lo

od
 fl

ow
 [

m
L/

(d
L·

m
in

)]

Acetylcholine [μg/(L·min)] Sodium nitroprusside [μg/(L·min)]

Figure 1  Forearm blood flow response to infusion of acetylcholine or sodium nitroprusside into the brachial artery in patients with migraine during or free 
from headache, and control subjects. The patients with migraine were studied during the interictal period (group M) or the headache attack (group MH). Data (mean 
± SE) were analyzed by analysis of variance for repeated measures. P < 0.05 for the effect of migraine in the acetylcholine (Ach) test and P < 0.05 for the interaction 
between migraine and Ach. P < 0.005 for the effect of migraine in the nitroprusside test and P < 0.05 for the interaction between migraine and nitroprusside.
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Ach or NP infusions for the two patients who gave us 
a unique opportunity to study the phenomenon both 
during the interictal period and the headache attack. It is 
striking how potently the response to both Ach and NP 
was enhanced by the headache attack as compared with 
the basal response.

Figure 3 shows the data on the effect of  NE infusion. 
FBF was reduced by 1.19 ± 0.17 mL/dL per minute by 
NE infusion in C (-40% ± 6%, P = 0.001 vs baseline). In 

contrast, NE infusion was unable to elicit a vasoconstric-
tory response in migraine patients either when studied in 
the headache-free period or during the headache attack 
(-0.29 ± 0.23 and -0.66 ± 0.69 mL/dL per minute, ac-
counting for a reduction by 3% ± 13% and 10% ± 15% 
in M and MH, respectively; P > 0.05 vs baseline and P < 
0.05 vs C). 

DISCUSSION 
In the present study, we measured vascular reactivity in 
patients with migraine without aura either during the in-
terictal period or during a headache attack. We confirm 
our previous finding that patients with migraine studied 
in the interictal period suffer from impaired vasodilation 
in response to acetylcholine and sodium nitroprusside. 
Furthermore, we extend our observation to the vaso-
constrictory response to an adrenergic agonist and show 
that in these patients a defect in the response to NE also 
coexists. In addition, we studied a group of  patients with 
migraine during the headache attack. Under these cir-
cumstances, the marked defect in vasodilation completely 
reverted, as documented by the normal responses to Ach 
and NP. In contrast, the vasoconstrictory response to the 
sympathetic agonist NE remained blocked.

Although patients with migraine during the headache-
free period have a normal postural increase compared to 
control subjects, they are also characterized by a 50% re-
duction of  absolute circulating NE levels in both supine 
and orthostatic position[12-14], suggesting an abnormal 
regulation of  the sympathetic nervous system activity. 
Because in these patients NE intravenous administration 
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Figure 2  Individual forearm blood flow response to infusion of acetylcholine or sodium nitroprusside into the brachial artery in two patients with migraine 
studied during or free from headache. 
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Figure 3  Forearm blood flow response to infusion of norepinephrine at 
the rate of 280 μg/L per minute into the brachial artery in patients with 
migraine during or free from headache, and control subjects. The patients 
with migraine were studied during the interictal period (group M) or the head-
ache attack (group MH). Data (mean ± SE) were analyzed by paired t test vs 
baseline and unpaired t test among groups. bP < 0.01 vs baseline; cP < 0.05 vs 
controls.
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induces more prolonged elevation in blood pressure (BP) 
than in control subjects, an adrenergic receptor super-
sensitivity was invoked[12]. In addition, the observation 
of  greater and more prolonged BP response to phenyl-
ephrine led to the conclusion that an alpha-adrenergic 
receptor increased sensitivity was implicated[15]. However, 
it must be considered that the intravenous administra-
tion of  NE or phenylephrine does not trigger only the 
receptors localized in the vessel wall, but can potentially 
unleash more complex, systemic mechanisms. In addi-
tion, indirect data obtained by administering the beta-
blocker propranolol to patients with migraine, suggested 
that beta receptors distribution in the radial artery might 
be abnormal[16]. To the best of  our knowledge, the cur-
rent study is the only one in which NE is directly infused 
into the brachial artery in patients with migraine. The 
agonist was infused locally in very small amounts that 
were unable to induce systemic perturbations of  NE 
circulating levels, given its very short half-life. This is also 
supported by the lack of  any change in FBF of  the con-
tralateral arm in control subjects or in systemic BP (data 
not shown). Therefore, under the current circumstances, 
any confounding involvement of  indirect sympathetic 
mechanisms secondary to changes in circulating NE 
levels can be excluded, and the observed effects only 
reflect the direct action of  NE on the forearm resistance 
vessels. It must be also stressed that NE stimulates both 
the alpha-receptors (vasocostrictory response) and the 
beta-receptors (vasodilatory response). Therefore, the 
response to NE infusion represents the net balance of  
two opposite forces. In normal subjects, however, the 
vasoconstrictory response clearly prevails, whereas in 
patients with migraine the resistance vessels are unable 
to respond to the sympathetic agonist. We cannot dis-
sect whether the block of  the vasoconstrictory response 
in migraine patients is due to a relative reduction of  the 
NE effect through the alpha-receptors or an increase of  
the beta-receptor response or a combination of  the two. 
Unfortunately, no information is available in the literature 
regarding the adrenergic receptor relative distribution in 
the cell membranes of  peripheral arterial vessels.

Given the inability of  VSMCs to relax in response 
to endothelial NO in the interictal period, were the va-
soconstrictory ability of  NE intact rather than severely 
impaired, patients with migraine would experience con-
stantly raised vascular resistance and systemic hyperten-
sion. Therefore, the defective NE-induced vasoconstric-
tion observed in patients with migraine might represent 
a chronic hemodynamic adjustment to compensate for 
the reduced vasodilatory response to NO by the VSMCs. 
The hypothesis of  a compensatory down-regulation of  
the vasoconstrictory response of  VSMCs would be well 
in agreement with the generalized reduction of  sympa-
thetic nervous system activity previously reported in mi-
graine patients[12].

We have previously demonstrated the presence of  
impaired vascular reactivity in patients with migraine dur-
ing the interictal period, entirely attributable to VSMCs 

dysfunction[4,5]. The impaired vasodilatory response to 
Ach was associated with normal NO production by en-
dothelial cells. Moreover, the hemodynamic response 
to NP, a direct stimulator of  VSMCs, was markedly im-
paired. In the current study, we confirm the observation 
that in patients with migraine studied free from headache 
the response to Ach and NP is severely impaired. Data in 
the literature have provided divergent results, either when 
flow-mediated dilation or forearm perfusion technique 
associated with plethysmography or other approaches 
were used[17-23]. In previous studies, migraine patients 
have not been discriminated with regard to the presence 
of  aura and different vascular beds (micro- vs macro-
vascular and intra- vs extra-cranial) have been explored. 
The possibility exists that the two types of  migraine 
might be characterized by a different vascular reactivity. 
Accordingly, the cardiovascular risk profile of  the two 
types of  migraine appears to be different, suggesting that 
the intimate mechanism of  vascular function diverge and 
our findings lend support to the hypothesis that migraine 
without aura is not associated with dysfunction of  the 
endothelial cells potentially triggering atherosclerotic pro-
cesses[1,2,24-28].

In patients with migraine during the headache at-
tack, basal FBF was similar to that measured off  the pain 
attack and to that of  control subjects. In contrast, the 
impaired vasodilation in response to the infusion of  Ach 
and NP of  the interictal period was fully restored. Taken 
together, our data indicate that the patients with migraine 
in the interictal period have a reduced sensitivity of  their 
VSMCs to the NO released by the endothelial cells. In 
contrast, during the headache attack, the response to NO, 
as suggested by the NP infusion data, becomes similar 
to that measured in the controls, indicating a restored 
sensitivity of  VSMCs. We have previously demonstrated 
that during Ach infusion in patients with migraine dur-
ing the interictal period the release of  NO is normal and 
that endothelial function is intact[4,5]. Interestingly, when 
in previous studies systemic nitroglycerin, an NO donor, 
was administered to patients with migraine, an approach 
used to induce headache in migraine patients or to mea-
sure non-endothelial-mediated vasodilation, an increased 
sensitivity to NO was demonstrated in intra-and extra-
cranial vessels[19-25]. Further studies are necessary to clarify 
the intriguing issue about the mechanisms that come into 
play during the migraine attack to redirect VSMC sensi-
tivity towards normal.

Study limitations 
A potential limitation of  the current study is the small 
sample of  patients studied during the headache attack. 
The forearm perfusion technique requires the cannula-
tion of  the brachial artery and, in general, this approach 
precludes the possibility to study large patients groups. In 
addition, it is quite hard to perform a forearm study that 
lasts several hours in patients who during the headache 
attack abstain from taking analgesics for the potential 
drug impact on vascular reactivity.
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As compared with ultrasonographic techniques, such 
as the flow mediated dilation, the forearm technique 
bears much less variability. Indeed, the effects observed in 
our patients during the headache attack were very clear-
cut, providing solid statistics despite the small sample. A 
final consideration is that we studied patients with spon-
taneous headache attack. This is a point of  great strength 
of  our work, since confounding factors linked to experi-
mental stimuli used to trigger a headache attack were not 
operative.

In conclusion, patients with migraine without 
aura studied in the interictal period are characterized by 
VSMCs impaired ability to relax in response to NO and 
to contract in response to NE. We hypothesize that the 
two defects compensate for each other and this provides 
for the maintenance of  normal vascular resistance and 
blood pressure homeostasis. In contrast, during the head-
ache attack, due to mechanisms still unclear, the VSMCs 
regain their ability to respond to NO, but remain unre-
sponsive to NE. Such differential effect of  the migraine 
attack is not surprising, given that NO and NE activate 
different intracellular signaling pathways in VSMCs. 
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Abstract
AIM: To explore whether computer tomography coro-
nary angiography (CTCA) using iterative reconstruction 
(IR) leads to significant radiation dose reduction with-
out a significant loss in image interpretability compared 
to conventional filtered back projection (FBP). 

METHODS: A consecutive series of 200 patients re-
ferred to our institution to undergo CTCA constituted the 
study population. Patients were sequentially assigned 
to FBP or IR. All studies were acquired with a 256-slice 
CT scanner. A coronary segment was considered inter-
pretable if image quality was adequate for evaluation of 
coronary lesions in all segments ≥ 1.5 mm. 

RESULTS: The mean age was 56.3 ± 9.6 years and 
165 (83%) were male, with no significant differences 
between groups. Most scans were acquired using pro-
spective ECG triggering, without differences between 
groups (FBP 84% vs  IR 82%; P  = 0.71). A total of 3198 
(94%) coronary segments were deemed of diagnostic 
quality. The percent assessable coronary segments 
was similar between groups (FBP 91.7% ± 4.0% vs  IR 
92.5% ± 2.8%; P = 0.12). Radiation dose was signifi-
cantly lower in the IR group (2.8 ± 1.4 mSv vs  4.6 ± 3.0 
mSv; P  < 0.0001). Image noise (37.8 ± 1.4 HU vs  38.2 

± 2.4 HU; P  = 0.20) and signal density (461.7 ± 51.9 
HU vs  462.2 ± 51.2 HU; P  = 0.54) levels did not differ 
between FBP and IR groups, respectively. The IR group 
was associated to significant effective dose reductions, 
irrespective of the acquisition mode. 

CONCLUSION: Application of IR in CTCA preserves 
image interpretability despite a significant reduction in 
radiation dose. 

© 2013 Baishideng. All rights reserved.
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Core tip: A consecutive series of 200 patients referred 
to our institution to undergo computer tomography 
coronary angiography (CTCA) were sequentially as-
signed to filtered back projection (FBP) or iterative 
reconstruction (IR). The percent assessable coronary 
segment was similar between groups. Radiation dose 
was significantly lower in the IR group. Image noise 
and signal density levels did not differ between FBP and 
IR groups. The IR group was associated to significant 
effective dose reductions, irrespective of the acquisition 
mode. Our findings suggest that application of IR in 
CTCA preserves image interpretability despite a signifi-
cant reduction in radiation dose.
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phy (CTCA) has earned a role in diagnostic algorithms 
of  patients at intermediate risk of  coronary artery 
disease[1-3]. However, the high effective radiation dose 
related to CTCA scans remains a limitation and has 
been the foundation of  most of  the criticisms received. 
Indeed, the recently published Prospective Multicenter 
Study on Radiation Dose Estimates of  Cardiac CT 
Angiography Ⅰ and Ⅱ (PROTECTION Ⅰ and Ⅱ) re-
ported a wide range of  effective radiation doses accord-
ing to the acquisition technique, therefore encouraging 
the application of  dose reduction techniques such as 
prospective ECG-triggering, tube current modulation, 
and/or high pitch helical scanning[4,5] .

In the past few years, iterative reconstruction (IR), an 
alternative to conventional image reconstruction filtered 
back projection (FBP), has gained interest in order to 
attempt to attenuate the increase in image noise related 
to tube current modulation and low tube voltage ac-
quisitions[6]. IR has the ability to reduce image noise by 
iteratively comparing the images obtained to a modeled 
projection. Thus, it can be used to reconstruct images 
with similar image quality despite a significant reduction 
in tube current, resulting in a reduction in overall radia-
tion dose. This has particular interest in CTCA studies in 
order to attempt to overcome the main limitation of  the 
technique for cardiovascular purposes[7-11]. The aim of  
our investigation was to explore whether CTCA using IR 
can achieve a substantial effective dose reduction without 
a significant loss in image interpretability.

MATERIALS AND METHODS
The present was a single-centre, investigator-driven, obser-
vational, prospective study that aimed to explore whether 
IR of  CTCA scans leads to a significant radiation dose 
reduction without impairment of  image interpretability. 
For that purpose, a consecutive series of  patients referred 
to our institution to undergo CTCA constituted the study 
population. Patients were assigned to FBP or, sequentially, 
to IR. Inclusion criteria included adult patients (≥ 18 
years), without a history of  contrast related allergy, renal 
failure, or hemodynamic instability, that were referred to 
CTCA to exclude coronary artery disease. Baseline heart 
rate, arrhythmia, or body mass index did not impact the 
enrollment decision. Patients with pacemakers or im-
plantable devices were excluded. The institution’s Ethics 
Committee approved the study protocol, which complied 
with the Declaration of  Helsinki, and written informed 
consent was obtained from all patients.

CTCA acquisition
All studies were acquired with a 256-slice CT scanner 
(Philips Healthcare, Cleveland). Patients with a heart rate 
of  > 65 beats/min received 50 mg oral metoprolol one 
hour prior to the scan or 5 mg intravenous propralonol 
if  needed in order to achieve a target heart rate of  less 
than 60 bpm. A dual phase protocol with 70 mL of  io-
bitridol (Xenetix 350TM, Guerbet, France) followed by a 

50-mL saline flush was injected through an arm vein after 
administration of  0.4 mg of  sublingual nitroglycerin. A 
bolus tracking technique was used to synchronize the 
arrival of  contrast at the level of  the coronary arteries 
with the start of  the scan. Scanning parameters were as 
follows. Rotation time 270 ms; tube voltage in FBP with 
body mass index (BMI) < 25 kg/m2: 100 kV, BMI > 25 
kg/m2: 120 kV; tube voltage in IR with BMI < 20 kg/m2: 
80 kV, BMI 20-30 kg/m2: 100 kV, BMI > 30 kg/m2: 120 
kV. Tube current was adjusted according to the scan pro-
tocol and BMI (range 170-1200 mA). Prospective ECG-
triggering axial scanning was used when possible based 
on heart rate. ECG-based tube current modulation was 
performed for all helical studies. 

CTCA analysis
Image analysis and coronary segment interpretability were 
assessed by consensus of  two experienced level 3-certified 
coronary CTA physicians using dedicated software (Com-
prehensive Cardiac Analysis, Philips Healthcare) on a CT 
workstation (Brilliance Workspace, Philips Healthcare, 
Cleveland, OH, United States), blinded to the acquisition 
mode. A coronary segment was considered interpretable 
if  image quality was adequate for evaluation of  coronary 
lesions in all segments ≥ 1.5 mm.

Slice CT images were reconstructed preferably at end 
diastole using axial planes, multiplanar reconstructions, 
and maximum intensity projections at 1 mm slice thick-
ness. Image noise and signal density for both FBP and 
IR (iDoseTM, level 5, Philips Healthcare) reconstruction 
algorithms were evaluated. The signal density and noise 
were evaluated using standardized regions of  interest of  
10 mm2 within the aortic root at the level of  the left main 
coronary artery on axial images, being the signal density 
defined as the mean Hounsfield units and the signal 
noise as the mean standard deviation of  the signal den-
sity. Studies were evaluated using the previously reported 
17-segment model, and effective dose radiation estimates 
were calculated using the dose-length product[12].

Statistical analysis
Discrete variables are presented as counts and percent-
ages. Continuous variables are presented as mean ± SD, 
or median (25th, 75th percentile) for variables with non-
Gaussian distribution. Comparisons between groups 
were performed using independent Student’s t test, or χ 2 
tests as indicated. We explored correlations between con-
tinuous variables using Pearson correlation coefficients. 
A two-sided P value of  less than 0.05 indicated statistical 
significance. Statistical analyses were performed with the 
use of  SPSS software, version 13.0 (Chicago, IL, United 
States).

RESULTS
A consecutive series of  200 patients referred to undergo 
CTCA constituted the study population (FBP, n = 100) 
and (IR, n = 100). The mean age was 56.3 ± 9.6 years 
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and 165 (83%) were male, with no significant differences 
between groups. The mean heart rate was 58.3 ± 7.0 bpm 
for the FBP group and 58.2 ± 6.4 bpm for the IR group (P 
= 0.88). Patients assigned to IR had a significantly lower 
body mass index (26.3 ± 3.4 kg/m2 vs 27.2 ± 2.7 kg/m2; 
P = 0.03), despite both groups had similar proportion 
of  patients with BMI ≥ 30 kg/m2 (Table 1). Most scans 
were acquired using prospective ECG triggering, without 
difference between groups (FBP 84% vs IR 82%; P = 0.71).

A total of  3198 (94%) coronary segments were 
deemed of  good diagnostic quality. The percent of  as-
sessable coronary segments was similar between groups 
(FBP 91.7% ± 4.0% vs 92.5% ± 2.8%; P = 0.12). Im-
age noise (37.8 ± 1.4 HU vs 38.2 ± 2.4 HU; P = 0.20) and 
signal density (461.7 ± 51.9 HU vs 462.2 ± 51.2 HU; P = 
0.54) levels did not differ between FBP and IR groups, 
respectively. The median effective radiation dose was 3.35 
mSv (interquartile range 2.45-3.35). The IR group was as-
sociated to significant effective dose reductions, irrespec-
tive of  the acquisition mode (helical or axial). Prospective 
scans with IR exhibited the least radiation doses (Table 1). 

We found no significant relationships between radia-
tion dose and the percent of  interpretable segments (r 
= -0.01, P = 0.85). In turn, we found a significant, albeit 
weak, correlation between the effective radiation dose 
(mSv) and the signal to noise ratio (r = 0.25, P < 0.001), 
as well as between the mA and the signal to noise ratio (r 
= 0.31, P < 0.001).

DISCUSSION
In the past decade, CTCA has rapidly emerged as a 
non-invasive diagnostic tool with the ability to identify 

obstructive coronary disease, and has gained a role in dif-
ferent risk stratification and diagnostic algorithms. More-
over, it has demonstrated a significant prognostic value 
independent of  traditional risk factors and functional 
tests[13-17]. Notwithstanding, one of  the main challenges 
of  CTCA is the relatively high radiation dose related to 
the technique[18-20]. Several different strategies have been 
proposed in order to attempt to decrease effective radia-
tion dose, including tube modulation and prospective 
(axial) scanning[21-24]. One of  the latest developments 
aimed at lowering dose radiation is IR. 

The main finding of  our investigation was that com-
pared to conventional FBP, IR in CTCA preserved image 
interpretability despite a significant reduction in radia-
tion dose. Compared to FBP, IR achieved a 50% dose 
reduction in helical scans, and a 29% dose reduction in 
prospective scans, being these results within the range of  
previous findings in different populations[7]. Such signifi-
cant reduction might be attributed to the fact that more 
than half  of  the IR scans were performed using low volt-
age (80-100 kV), whereas within the FBP group only 5% 
of  the scans were performed using 100 kV. 

Tube current reduction with FBP, a commonly used 
dose reduction strategy, leads to an increment in image 
noise. In turn, IR consists in synthesized projection data 
that are compared to real data in an iterative manner, 
resulting in a significant reduction of  image noise[6]. By 
reducing image noise, IR allows tube current reduction 
and, consequently, effective dose reduction. This explains 
the significantly larger dose reduction in helical compared 
to axial scans using IR. 

A number of  limitations must be recognized. Despite 
patients were sequentially assigned to FBP or IR, ran-
domization was not performed, leading to an expected 
significantly higher body mass index of  FBP patients, al-
though it should be stressed that no significant differenc-
es were observed regarding the number of  obese patients 
(BMI ≥ 30 kg/m2). Furthermore, coronary angiography 
was not performed in order to evaluate the diagnostic ac-
curacy of  each technique; therefore our results should do 
not allow making assumptions in this regard and should 
be limited to the image interpretability. 

Application of  IR in CTCA preserves image inter-
pretability despite a significant reduction in radiation 
dose, being this mainly attributed to the use of  lower 
voltage scans. 
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FBP IR P  value

  Age (yr)  55.6 ± 9.1    56.0 ± 10.1 0.67
  Male        85 (85)        80 (80) 0.35
  Body mass index (kg/m2)  27.2 ± 2.7  26.3 ± 3.4 0.03
  Body mass index ≥ 30      15 (15)        13 (13) 0.68
  Heart rate (bpm)  58.3 ± 7.0  58.2 ± 6.4 0.88
  Acquisition technique
     Prospective (axial)        84 (84)        82 (82) 0.71
     Retrospective (helical)        16 (16)        18 (18)
     Tube voltage (kV)      119.0 ± 4.4  109.0 ± 10.4  < 0.0001
     Percent 80-100 kV         5 (5)        54 (54)  < 0.0001
     mAs in prospective  203.1 ± 15.4  195.7 ± 26.8  < 0.0001
     mAs in helical    943.2 ± 119.5    870.1 ± 122.8  < 0.0001
  Radiation dose (mSv)
     Total    4.6 ± 3.0    2.8 ± 1.4  < 0.0001
     Prospective (axial)    3.4 ± 2.4    2.4 ± 0.7  < 0.0001
     Retrospective (helical)  10.3 ± 3.9    5.2 ± 1.6  < 0.0001
  Image quality
     Attenuation level (HU)  461.7 ± 51.9  462.2 ± 51.2 0.54
     Image noise (HU)  37.8 ± 1.4  38.2 ± 2.4 0.20
     Signal to noise ratio  12.2 ± 1.4  12.1 ± 1.4 0.28
     Coronary assessment (%)  91.7 ± 4.0  92.5 ± 2.8 0.12

Table 1  Demographical characteristics, acquisition parameters, 
radiation dose and image quality

Data are expressed as absolute numbers (percentage) or mean ± SD. FBP: 
Filtered back projection; IR: Iterative reconstruction.
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Abstract
Left ventricular myxomas account for 2.5% of all car-
diac myxoma cases. There are very few case reports 
on left ventricular myxoma (LVM) presented after 
complete surgical resection of left atrial myxoma. 
Here we report a case of a 58-year-old male pre-
sented to the hospital for transient limb weakness, 
numbness and dysarthria. Magnetic resonance image 
of the brain revealed multiple thromboembolic cere-
brovascular accidents. Transthoracic echocardiogram 
(TTE) revealed a left atrial myxoma. It was resected 
completely with good surgical margins. After one and 
half year he started having dizziness, and transient 
right sided weakness. Computer tomography scan of 
the head revealed a progression of thromboembolic 
disease. TTE revealed a LVM that was confirmed by 
transesophageal echocardiogram. It was resected 
with good surgical margins 3 wk after recurrent cere-
brovascular accident. 

© 2013 Baishideng. All rights reserved.

Key words: Left ventricular myxoma; Metastatic myxo-
ma; Left atrial myxoma; Recurrent myxoma

Core tip: Left ventricular myxoma (LVM) after surgical 

resection of left atrial myxoma is very rare. Etiologies 
for recurrent LVM after left atrial myxoma resection are 
incomplete surgical resection, metastasis, totipotent 
multicentricity and missed. Here we are describing a 
case that was probably a metastatic LVM as it is un-
common statistically for it to be a recurrent myxoma 
in the left ventricle after complete resection from left 
atrium. If there is a progression of the cerebral hem-
orrhagic lesions it would confirm our diagnosis of the 
metastatic process. 

Seethala S. Left ventricular myxoma: Missed vs metastatic. 
World J Cardiol 2013; 5(10): 387-390  Available from: URL: 
http://www.wjgnet.com/1949-8462/full/v5/i10/387.htm  DOI: 
http://dx.doi.org/10.4330/wjc.v5.i10.387

INTRODUCTION
Left ventricular myxomas account for 2.5% of  all car-
diac myxoma cases. There are very few case reports on 
left ventricular myxoma (LVM) presented after complete 
surgical resection of  left atrial myxoma.

CASE REPORT
A 58-year-old male with a past medical history of  hy-
pertension and diabetes went to see a primary care phy-
sician with complaints of  multiple episodes of  transient 
limb weakness, numbness and dysarthria lasting less 
than 1 h. A magnetic resonance image (MRI) of  the 
brain was obtained revealing multiple bilateral, supra, 
infratentorial, cortical and sub-cortical infarctions in wa-
tershed areas consistent with multiple thromboembolic 
strokes. Upon admission to the hospital, routine lab 
work (complete blood count, complete metabolic pro-
file, lipid panel, thyroid function tests, coagulation stud-
ies), and carotid doppler failed to reveal any significant 
abnormalities other than poorly controlled diabetes, 
and a serum cholesterol of  113 mg/dL. A transthoracic 
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echocardiogram (TTE) demonstrated a 3.5 cm homog-
enous mass in the left atrium with mild dilation and a 
normal left ventricle (LV). A pre-operative coronary an-
giogram failed to reveal any significant coronary artery 
disease. The left atrial mass was subsequently resected 
with good surgical margins and a small incidental pat-
ent foramen was successfully closed. Final pathology 
of  the mass confirmed it to be a transparent myxoma. 
Patient was discharged home in stable condition and did 
well for few months without any major symptoms other 
than generalized weakness.  

Nearly one year later the patient was diagnosed with 
generalized partial seizures following an episode of  
right-side weakness and was started on antiepileptic 
medication, which he refused to take. Over the next 
2-3 wk he experienced two more episodes of  right 
sided weakness associated with dizziness and admitted 
for non-adherence with medication. He then presented 
to our institution with near syncope and atypical chest 
pain. Routine cardiac evaluation was negative and he 
was discharged after 2 d. Later, he again presented 
to the emergency department, this time for intermit-
tent right-sided weakness and transient dizziness. A 
computer tomography (CT) scan of  the head revealed 
interval progression of  thromboembolic disease. An 
MRI confirmed the CT scan findings; multiple small 
hemorrhagic lesions were subsequently identified and 
later confirmed by cerebral angiography. Multiple my-

cotic aneurysms were ruled out by blood cultures. TTE 
was performed and it revealed a 0.94 cm × 0.74 cm 
mass attached to lateral wall of  LV. A transesophageal 
echo (TEE) then confirmed the presence of  a mobile, 
round homogenous mass attached to the anterolateral 
wall of  the LV (Figure 1). Three weeks after the re-
current cerebrovascular accident (CVA) the mass was 
resected. Initially, a left atrial and then aortic approach 
was attempted to locate and isolate the mass. Both ap-
proaches were unsuccessful. Eventually, an anterolateral 
approach located the mass buried in trabecular muscles 
of  the posteroapical area without any valvular attach-
ment. Excision was done without a difficulty. Pathology 
confirmed a LVM and the patient was discharged 1 wk 
later. 

DISCUSSION
Primary cardiac tumors are rare and have an average 
incidence of  0.02%[1,2]. Of  these, cardiac myxomas ac-
count for 88% of  cases and are primarily benign in 
nature[3]. Myxomas constitute 0.23% of  all the open 
heart surgical procedures[2]. The most common loca-
tion for myxoma is the left atrium followed by the right 
atrium. A biatrial location is occasionally seen but all 
other locations are quite uncommon[3]. Myxomas found 
in the left ventricle account for only 2.5% of  cases[3,4]. 
Myxomas are primarily sporadic while familial cases 
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Figure 1  Transesophageal echocardiogram. A: Mid esophagus view of the transesophageal echo (TEE) revealing left ventricular myxoma; B: TEE, four chamber 
view showing Left ventricular myxom; C: Magnified view showing a myxoma, size 1 cm x 2 cm; D: Magnified view showing a myxoma of 1 cm in horizontal direction. 
Showing its close proximity to trabecular muscles.



constitute up to 10%[2]. Familial myxomas have unusual 
locations and recurrences, and some are associated with 
Carney’s Complex (myxomas of  the heart, and skin, 
spotty skin pigmentation, blue nevi, and endocrine over 
activity)[3]. 

Most myxomas are either asymptomatic or produce 
non-specific symptoms such as malaise, fatigue or heart 
failure symptoms. Embolic events are one of  the major 
clinical presentations of  myxomas. The risk of  embo-
lization is mostly determined by the morphology of  
the myxoma rather than its size. As in this case, semi-
transparent polyploid myxomas carry a high risk for 
embolization compared to round myxomas[2]. Valvular 
myxomas carry high risk of  embolization[2,5]. This varia-
tion in prevalence of  emboli seen in published series can 
be explained by the fact that valvular myxomas carry a 
high risk of  embolization compared to myxomas located 
elsewhere. Even though the final embolic destination is 
commonly the cerebrovascular territory other arterial 
territories such as the pulmonary or coronary circulation 
can be involved[1-4] .

The other common mechanisms of  symptom pro-
duction with myxomas are mechanical obstruction 
and arrhythmias when cardiac conducting system is in-
volved[1-4]. 

Most myxomas are diagnosed with TTE, but are of-
ten missed when located in unusual places. In this case, 
locating the LV myxoma was difficult both on TTE and 
intraoperatively was difficult due to its concealment by 
trabecular muscle. TEE and MRI are best studies for 
localizing and characterizing myxoma. In all cases of  
suspected myxomas TEE should be performed[3]. 

Surgical resection is the treatment of  choice for 
myxomas and should be performed as early as possible 
as there is a risk of  embolization. In the presence of  a 
recent CVA, surgical resection may be delayed for up 
to 4 wk and should be performed on pump with sys-
temic heparinization[6]. Even though surgical technique 
is changing constantly, resection should include clean 
surgical margins to reduce the likely of  recurrence[7,8]. 
There are very few cases myxoma has recurred in the 
LV after the resection of  the tumor in LA[7]. In this case 
the myxoma recurred in the LV one year after the initial 
resection. The index TTE and the initial surgery did not 
give reason to suspect a LV myxoma. Possible mecha-
nisms for the LVM in this case are recurrence (incomplete 
surgical resection or new growth of  reserve cell or im-
plantation from original tumor), or missed during initial 
evaluation, or metastasis. During the index diagnosis, 
neither MRI nor TEE was performed thus raising the 
possibility of  LV myxoma was initially missed. However, 
though limited, neither TTE nor cardiac cauterizations 
have identified any LVM.  

Recurrent myxomas often grow faster than primary 
tumors and can occur in 3% of  sporadic cases and 20% 
of  familial cases[9]. Incomplete surgical margins is one of  
the major reason to have recurrences[7]. The tumor re-
curs near the original resection site in 85% of  cases with 

an atrial location in 97%[7]. In this case initial sporadic 
myxoma had good surgical margins during the index 
surgical resection. The site of  recurrence however, was 
LV making the recurrence secondary to incomplete re-
section much less likely. Metastatic seeding of  myxoma 
cells is well described in the literature. The malignant 
nature of  myxomas is defined based on growth rate 
behavior rather than histological features. Malignant 
myxoma may be identified by high interleukin 6 levels, 
presence of  constitutional symptoms, elevated gamma 
globulins, and a high erythrocyte sedimentation rate 
(ESR) after complete resection of  the tumor[9]. In this 
case, the patient reported some constitutional symp-
toms malaise and generalized weakness but lack of  
specificity of  these symptoms and the failure to ob-
tain a post-operative ESR make supporting malignant 
potential of  the tumor problematic. Multiple cerebral 
hemorrhagic lesions (probably secondary to small aneu-
rysms) were noted in this patient and may support the 
idea of  metastatic process. A malignant nature may be 
confirmed in future if  the tumor is subsequently found 
at other distant sites. We excluded the probability of  fa-
milial disease by taking a good family history, and there 
were no signs or symptoms of  Carneys Complex[9]. At 
this time, it is believed that this recurrent LV myxoma 
case is most likely due to a metastatic process. Careful 
follow up has been planned for this patient to monitor 
for recurrence of  myxoma as well as any worsening of  
neurological symptoms. 

Follow up echocardiography is required to evaluate 
for recurrence. It is highly crucial in familial cases and 
in those cases where good surgical margins cannot be 
achieved[6].  
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Abstract
Transcatheter closure of the left atrial appendage with 
the Amplatzer™ cardiac plug device and double an-
tiplatelet treatment for 3 mo has become an alterna-
tive treatment for patients with atrial fibrillation at high 
embolism risk and contraindications for chronic oral 
anticoagulation. The inadequate implantation of the left 
atrial appendage closure device and the discontinuation 
of double antiplatelet therapy are well-known as fac-
tors related to device thrombosis. Nevertheless, device 
thrombosis after adequate implantation requiring surgi-
cal treatment or restarting chronic oral anticoagulation 
has been reported and can reach 15% of patients. 
The connector pin thrombosis of the Amplatzer™ car-
diac plug, despite a good adherence to antiplatelet 
treatment, has been recently described as a potential 
mechanism for device thrombosis. Our clinical case 
reports the management of this condition for the first 
time, showing that the early detection of thrombotic 
complications by transesophageal echocardiography 
permits solving this serious complication with medical 
treatment only.

CASE REPORT
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Core tip: Percutaneous closure of the left atrial append-
age has become an alternative treatment for patients 
with atrial fibrillation and with contraindications for 
chronic oral anticoagulation. Recently, the first case of 
connector pin thrombosis of the Amplatzer™ cardiac 
plug device for percutaneous left atrial appendage clo-
sure was described. Our work describes the manage-
ment of this serious problem for the first time. 
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INTRODUCTION
Transcatheter closure of  the left atrial appendage (LAA) 
with the Amplatzer™ cardiac plug (ACP) device has 
become an alternative treatment for patients with atrial 
fibrillation (AF) at high embolism risk and with contrain-
dications for chronic oral anticoagulation (OAC)[1,2]. The 
inadequate implantation of  ACP and the discontinuation 
of  double antiplatelet treatment (DAPT) are well-known 
as factors related to device thrombosis[1,3]. Furthermore, 
device thrombosis after adequate implantation, requiring 
surgical treatment or restarting chronic OAC, has been 
reported[4,5] and can reach 15% of  patients[6]. The connec-
tor pin thrombosis of  the ACP, despite a good adherence 
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to antiplatelet therapy, has been recently described as a 
potential mechanism for device thrombosis[7]. The aim of  
this work is to describe the management of  this serious 
complication after ACP device implantation.

CASE REPORT
A 79-year-old woman with ischemic heart disease, hyper-
tension and diabetes mellitus presented with paroxysmal 
AF. The patient was under OAC because of  a high embo-
lism risk (CHADS2 score of  4 points) but had multiple 
admissions because of  gastrointestinal bleeding (GIB) 
of  unknown cause, despite an intensive etiological study. 
To avoid long-term OAC, a percutaneous closure of  the 
LAA with a 26-mm ACP device was performed and the 
patient was discharged under DAPT (aspirin 100 mg and 
clopidogrel 75 mg) until the 6th month. The post proce-
dural transesophageal echocardiography (TEE) and the 
45 d TEE revealed correct device positioning and the ab-
sence of  thrombosis of  the ACP (Figure 1). The patient 
remained asymptomatic with the absence of  any GIB. 
The 4 mo transthoracic echocardiography (TTE) dem-
onstrated correct device positioning without thrombotic 
complications but the 4 mo TEE detected a thrombus 

over the connector pin of  the ACP despite the DAPT 
(Figure 2). Intravenous anticoagulation with heparin was 
started and TEE 2 wk later showed thrombosis resolu-
tion (Figure 3A). The patient continued with DAPT for 
two more months. The 6 mo TEE showed the absence 
of  thrombus (Figure 3B), allowing the withdrawal of  
clopigrel. The 12 mo TTE confirmed the thrombus reso-
lution and the patient remained uneventful, with no GIB 
or cardioembolic events after 2 years.

DISCUSSION
Four major points about thrombosis of  the ACP could 
be drawn from our report. Firstly, the incomplete en-
dothelization of  the connector pin of  the ACP during 
the initial 6 mo can contribute to the development of  
thrombosis of  the ACP device. Our clinical case is in ac-
cordance with the first description of  the connector pin 
thrombosis in correctly implanted ACP devices[7]. For 
that reason, a second generation of  the ACP (ACP 2 or 
Amulet™) with a modified connector pin has been de-
signed[8]. Secondly, the role of  TEE and TTE in detecting 
device-related complications remains controversial[1]. The 
correct positioning can be detected with both techniques 
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Figure 1  Forty-five day control. Transesophageal echocardiography two-di-
mensional X-plane processing, simultaneous visualization at 70° (left) and 13° 
(right). Successful Amplatzer™ cardiac plug implantation: completely covering the left 
atrial appendage ostium by the occluder disk and no evidence of device thrombosis.

Figure 2  Four month control. Transesophageal echocardiography two-
dimensional image. Adequate covering of the left atrial appendage ostium but 
little thrombus (7 mm × 7 mm) is observed at the top of the button of the Amp-
latzer™ cardiac plug.

Figure 3  Transesophageal echocardiography two-dimensional image. A: Control after 2 wk of intravenous sodium heparin treatment. Complete resolution of but-
ton thrombosis and correct device positioning; B: 6 mo control. Correct device positioning and absence of button thrombosis.
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but TEE is the only method that permits the correct 
diagnosis of  residual or emerging device thrombosis. 
So, the strict monitoring with TEE is mandatory until 
the 6th month because of  the considerable proportion 
of  device thrombosis. Thirdly, recommended antiplate-
let therapy for prevention of  thrombotic events varies 
with the type of  device used for transcatheter closure 
of  the LAA. The ACP manufacturer recommends 
DAPT for 3 mo, based on porcine models[1], but button 
thrombosis in ACP successfully implanted devices in hu-
mans beyond 3 mo suggests the possibility of  extending 
the DAPT until the 6th month with complete exclusion 
of  thrombotic complications by TEE. For these reasons, 
we recommend a strict echocardiographic follow-up 
protocol in order to detect any thrombotic complication 
early (1 d, 45 d, 3 mo and 6 mo TEE and 12 mo TTE). 
Fourthly, the case illustrates the adequacy of  our manage-
ment of  thrombotic complications of  ACP. After ACP 
implantation, DAPT is administered and anticoagulation 
is stopped due to the contraindication of  long-term OAC. 
If  thrombotic complications are detected by a strict TEE 
monitoring during the follow-up, the early initiation of  in-
travenous anticoagulation can remove the thrombus, pre-
venting serious thrombotic complications if  not detected 
early and avoiding the need of  long-term OAC in patients 
at high risk of  complications under OAC treatment.
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Abstract
The important role of atherosclerosis in pathophysiol-
ogy of Alzheimer’s Disease has become evident. Mecha-
nisms such as hyperlipidemia, inflammation, abdominal 
obesity and insulin resistance are important yet they 
may not fully explain the specific involvement of the 
Circle of Willis in these pathologies. The Circle of Wills 
is a complex geometrical structure which has several 
areas with different curvature as well as various branch-
ing angles of vessels composing the circle. The hemo-
dynamics in this region should take into account the 
Dean number which indicates the influence of curvature 
on the resistance to blood flow. Thus, areas with vari-
ous curvature and angles may have different hemody-
namics and there are certain areas in the Circle of Willis 
that are more likely to develop atherosclerotic changes. 
Therefore, this could suggest the novel pathophysiologi-
cal pathway resulting from the geometric peculiarities 
of the Circle of Willis. One of the directions of future 
research is to examine whether specific areas of the 
Circle of Willis are more likely to develop atherosclerotic 
changes compared to other ones. Selective areas of the 
Circle of Willis affected by atherosclerotic changes could 
indicate the primary role of atherosclerosis promoting 
Alzheimer’s disease although other pathophysiological 
mechanisms suggesting the opposite direction should 

be also examined in prospective studies. 

© 2013 Baishideng. All rights reserved.
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Core tip: The Dean number can become an important 
local pathophysiological mechanism that can help to 
explain the specific involvement of the Circle of Willis in 
atherosclerosis and Alzheimer’s Disease as anatomically 
different parts of the Circle of Willis would exhibit vari-
ous degree of the curvature which would predispose to 
Alzheimer’s disease. This could possibly explain some 
sporadic cases of Alzheimer’s disease in the presence of 
minimal damage from atherosclerosis as well as open 
up new avenues for prevention of sporadic Alzheimer’s 
disease.
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TO THE EDITOR
The important role of  atherosclerosis in pathophysiology 
of  Alzheimer’s disease has become evident. Studies that 
examined an association between the Circle of  Willis ath-
erosclerosis, Alzheimer’s disease and some other neurode-
generative conditions are examples of  important research 
directions focused on probable influence of  various 
vascular factors on Alzheimer’s disease[1,2]. On the other 
hand, those studies suggest that these pathologies could 
share some common pathophysiological mechanisms that 
yet need to be investigated. Some of  such mechanisms 
such as hyperlipidemia, inflammation, abdominal obesity 
and insulin resistance were described by authors as prob-
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able candidates[1,2]. However, although all these factors 
are very important, they may not fully explain the specific 
involvement of  the Circle of  Willis in these pathologies.  

The Circle of  Wills is a complex geometrical structure 
which has several areas with different curvature as well as 
various branching angles of  vessels composing the circle. 
On the other hand, there are multiple anatomical varia-
tions of  the Circle of  Willis[3]. When a fluid runs through 
branching pipes a change of  the its direction happens and 
similarly, when blood flows through the branching area 
in the Circle of  Willis it changes direction. In general, 
taking into account that blood flow in the cardiovascular 
system is mostly laminar and the fact that branching areas 
of  many arterial bifurcations have various angles, several 
hemodynamic factors (i.e., radius of  curvature of  internal 
wall at branching area, Reynolds number, diameters of  
bifurcating vessels, etc.) should be taken into account[4]. 
One of  them is the degree of  curvature or the Dean 
number (Di). The Dean number indicates the influence 
of  curvature on the resistance to blood flow[4,5]. If  flow is 
laminar, then the Dean number is determined as: 

Where Re indicates Reynolds number, R is a radius of  the 
vessel, r is a radius of  the curvature[4] (Figure 1).

Thus, areas with various curvature and angles may 
have different hemodynamics. For example, hemody-
namics in the area where the degree of  curvature is 
substantial could be described by the so called “hemo-
dynamic shade” zone[6]. This zone can be characterized 
by a secondary flow and a boundary, therefore, there is 
a significant deterioration of  mass exchange due to the 
attachment of  stacks of  erythrocytes (rouleaux) to the 
vascular wall[6]. This could deteriorate the permeability 
of  the endothelium and decrease the rate of  removal of  
various particles such as lipids and lipoproteins, which in 
turn can lead to the formation of  lipid stripes directed 
along the blood flow and located in the “hemodynamic 
shade” of  the original attached rouleaux. This could also 
explain why hyperlipidemia could be one of  the non spe-
cific yet contributing pathophysiological mechanisms in 
the development of  the Circle of  Willis atherosclerosis. 
Therefore, there are certain areas in the Circle of  Willis 

that are more likely to develop atherosclerotic changes. 
As mentioned earlier, other factors such as hyperlipid-
emia or abdominal obesity should be taken into account 
as well. 

Subsequently, with the development of  atheroscle-
rosis, vascular wall in the certain areas of  the Circle of  
Willis (i.e., with substantial curvature) becomes less elastic 
and more rigid. This could result in the deterioration 
in the cyclic changes in the vascular wall deformation 
produced by cardiac contractions, and, therefore, in the 
performance of  a “deformation pump”[7]. The operat-
ing principle of  this pump is in the cyclic creation of  the 
boundary layer and its separation[7]. This deformation 
pump is important to consider as it could influence the 
dynamics of  the regional brain extravascular extracel-
lular fluid which was previously studied with regard to 
amyloid beta-protein, amyloid-beta building blocks for 
plaques and subsequent involvement in neurodegenera-
tion[8]. Such consideration of  regional brain extravascular 
extracellular fluid dynamics is also particularly important 
in light of  the fact that certain waste products such as 
glutamate or calcium can accumulate there causing deg-
radation of  certain cellular components thus playing an 
important role in the pathogenesis of  Alzheimer’s dis-
ease[9,10]. A consideration of  both the deformation pump 
and extravascular extracellular fluid could become an 
important link between Alzheimer’s disease and athero-
sclerosis.

All this could suggest the novel pathophysiological 
pathway resulting from the geometric peculiarities of  the 
Circle of  Willis. One of  the directions of  future research 
is to examine whether specific areas of  the Circle of  
Willis are more likely to develop atherosclerotic changes 
compared to other ones. Selective areas of  the Circle of  
Willis affected by atherosclerotic changes could indicate 
the primary role of  atherosclerosis promoting Alzheimer’
s disease. On the other hand, other pathophysiologi-
cal mechanisms that could explore local factors (i.e., the 
Dean number) and suggesting the opposite direction 
should be also examined in prospective studies. For 
example, anatomically “different” parts of  the Circle 
of  Willis (i.e., narrowed branching areas) would exhibit 
various degree of  the Dean number and this would 
predispose to Alzheimer’s disease. This could possibly 
explain some sporadic cases of  Alzheimer’s disease in the 
presence of  minimal damage from atherosclerosis in this 
area. More importantly, this would open up new avenues 
for prevention of  sporadic Alzheimer’s disease in the 
light of  the fact that this is an emerging health concern 
in the elderly. In addition, certain rheological factors 
such as blood viscosity should be taken into account as 
a contributing pathophysiological mechanism as well. In 
conclusion, more studies are needed to examine the com-
mon pathophysiological mechanisms related to both Al-
zheimer’s disease and various vascular pathologies. Such 
common pathophysiological pathways should take into 
account multiple factors such as hyperlipidemia, insulin 
resistance, certain local rheological and hemodynamic 
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factors as well as potentially new contributing factors es-
tablished in future research.
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A third series of  P values can be expressed as eP < 0.05 and fP < 0.01. 
Other notes in tables or under illustrations should be expressed as 
1F, 2F, 3F; or sometimes as other symbols with a superscript (Arabic 
numerals) in the upper left corner. In a multi-curve illustration, 
each curve should be labeled with ●, ○, ■, □, ▲, △, etc., in a cer-
tain sequence.
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