
Published by Baishideng Publishing Group Inc

World Journal of 
Hypertension
World J Hypertens  2015 August 23; 5(3): 104-114

ISSN 2220-3168 (online)



World Journal of 
HypertensionW J H

EDITORS-IN-CHIEF
Bernard Man Yung Cheung, Hong Kong
Ryuichi Morishita, Suita

GUEST EDITORIAL BOARD 
MEMBERS
Hsueh-Wen Chang, Kaohsiung
Nen-Chung Chang, Taipei
Ching-Feng Cheng, Hualien
Tzu-Hurng Cheng, Taichung
Po-Shiuan Hsieh, Taipei
Chii-Min Hwu, Taipei
Wei-Chuan Tsai, Tainan
Chuen-Mao Yang, Taoyuan

MEMBERS OF THE EDITORIAL 
BOARD

Argentina

Ernesto Alejandro Aiello, La Plata
Nidia Basso, Buenos Aires
Cesar G Fraga, Buenos Aires
Carlos J Pirola, Buenos Aires
Ramiro Sanchez, Buenos Aires
Patricia G Valles, Mendoza

Australia

John F Beltrame, Adelaide
Alexander Bobik, Melbourne
Dominique AM Cadilhac, Melbourne
Kade Davison, Adelaide
Xiao-Ming Gao, Melbourne
Shaun L Sandow, Sydney
Daniel Machado Luiz Vianna, Sydney

Brazil

Emmanuel Gomes Ciolac, Bauru
Maria Franco, São Paulo
Wilson Nadruz, Campinas
Edilamar M Oliveira, São Paulo
Katya Vianna Rigatto, Porto Alegre
Gil Salles, Rio de Janeiro
Angelina Zanesco, São Paulo

Canada

Suhayla Mukaddam-Daher, Québec
Ashok K Srivastava, Montreal

Chile

Jorge E Jalil, Santiago

China

Feng Cao, Xi’an
Yang-Xin Chen, Guangzhou
Yu Huang, Hong Kong
Zhi-Cheng Jing, Shanghai
Zhi-Yong Li, Nanjing
Chang Liu, Nanjing
Wen-Quan Niu, Shanghai
Ying-Xian Sun, Shenyang
Xue-Rui Tan, Shantou
Jun Tao, Guangzhou
Angela Yee-moon Wang, Hong Kong
Kong Wei, Beijing
Martin Chi Sang Wong, Hong Kong

Jian-Bo Wu, Luzhou
Jin Xu, Ningbo
Xiao-Qiang Yao, Hong Kong
Chun-Yu Zeng, Chongqing
Di Zhao, Zhengzhou

Croatia

Zvonko Rumboldt, Split

Cyprus

Chrystalleni Lazarou, Nicosia

Czech Republic

Michal Pravenec, Prague

Denmark

Robert A Fenton, Aarhus
Erik Lerkevang Grove, Skejby

Egypt

Sherifa Ahmed Hamed, Assiut

Finland

Thomas Kietzmann, Oulu
Eero Matti Antero Mervaala, Helsinki

I

Editorial Board
2011-2015

The World Journal of Hypertension Editorial Board consists of 306 members, representing a team of worldwide 
experts in hypertension. They are from 44 countries, including Argentina (6), Australia (7), Brazil (7), Canada 
(2), Chile (1), China (27), Croatia (1), Cyprus (1), Czech Republic (1), Denmark (2), Egypt (1), Finland (2), France 
(5), Germany (15), Greece (19), India (5), Iran (1), Israel (2), Italy (18), Japan (32), Kuwait (1), Malaysia (1), Mexico 
(1), Mongolia (1), Netherlands (5), New Zealand (1), Nigeria (1), Norway (1), Pakistan (1), Poland (3), Qatar (1), 
Russian (1), Saudi Arabia (2), Serbia (1), Singapore (3), Slovakia (3), Slovenia (1), South Korea (7), Spain (14), 
Sweden (4), Switzerland (1), Turkey (4), United Kingdom (12), and United States (81).

May 23, 2013WJH|www.wjgnet.com



France

Douraied Ben Salem, Brest
Claudine Kieda, Orléans Cedex
Alain Simon, Paris
Dinko Susic, New Orleans
Radia Tamarat, Fontenay aux Roses

Germany

Ingo Ahrens, Freiburg
René Pascal Andrié, Bonn
Ferdinand H Bahlmann, Saarbrücken
Andreas Daiber, Mainz
Dobromir Dobrev, Heidelberg
Raimund Erbel, Essen
Ioanna Gouni-Berthold, Cologne
Thomas Jax, Neuss
Jens Jordan, Hannover
Florian Lang, Tübingen
Masoud Mirzaie, Lemgo
Ludovit Paulis, Berlin
Frank Pistrosch, Dresden
Christoph Wanner, Würzburg
Corde Wit, Lübeck

Greece

Panagiotis Anagnostis, Thessaloniki
Stamatios P Efstathiou, Athens
Moses Elisaf, Ioannina
Athanasios D Giannoukas, Larissa
Ignatios Ikonomidis, Athens
Anastasios K Kollias, Athens
Dimitris P Papadopoulos, Athens
Nikolaos Papanas, Alexandroupolis
Kosmas I Paraskevas, Athens
Antonios N Pavlidis, Athens
Despina N Perrea, Goudi
Athanase D Protogerou, Athens
Evangelos Rizos, Ioannina
Pantelis A Sarafidis, Thessaloniki
Andreas Scorilas, Athens
George S Stergiou, Athens
Costas Thomopoulos, Athens
Dimitris M Tousoulis, Athens
Charalambos V Vlachopoulos, Athens

India

Sangiliyandi Gurunathan, Virudhunagar
Shivakumar Kailasam, Trivandrum
Madhu Khullar, Chandigarh
Edwin Stephen, Vellore
P Subash, Kozhikode

Iran

Samad Ghaffari, Tabriz

Israel

Jacob George, Rehovot
Yehonatan Sharabi, Tel Hashomer

Italy

Massimo Chello, Rome
Plinio Cirillo, Naples
Cesare Cuspidi, Meda
Giovanni De Simone, Napoli
Gianluca Faggioli, Bologna
Claudio Ferri, L’Aquila
Giovanni Landoni, Milan
Gianni Losano, Turin
Paolo Manunta, Milan
Giuseppe Nasso, Bari
Maurizio Paciaroni, Perugia
Francesco Panza, Foggia
Alessandro Pingitore, Pisa
Angelo Scuteri, Rome
Leonardo A Sechi, Udine
Carlo Setacci, Siena
Franco Veglio, Turin
Massimo Volpe, Rome

Japan

Xian-Wu Cheng, Nagoya
Toshiro Fujita, Tokyo
Michiya Igase, Ehime
Yoshihiro Ishikawa, Yokohama
Toshihiko Ishimitsu, Mibu
Rui-Cheng Ji, Oita
Akira T Kawaguchi, Kanagawa
Yuhei Kawano, Suita
Kazuhiko Kotani, Shimotsuke
Zhong-Fang Lai, Kumamoto
Shin-ichiro Miura, Fukuoka
Toru Miyoshi, Okayama
Kyoichi Mizuno, Bunkyo
Sachio Morimoto, Fukuoka
Satoshi Morimoto, Tokyo
Noboru Motomura, Tokyo
Tetsuo Nishikawa, Yokohama
Toshio Nishikimi, Kyoto
Akira Nishiyama, Kagawa
Hiroyuki Sasamura, Tokyo
Hideaki Senzaki, Saitama
Kazuaki Shimamoto, Sapporo
Akira Sugawara, Sendai
Jun Sugawara, Tsukuba
Fumiaki Suzuki, Gifu
Masafumi Takahashi, Tochigi
Shinji Takai, Osaka
Kouichi Tamura, Yokohama
Yoshinari Uehara, Fukuoka
Hidefumi Waki, Wakayama
Takuya Watanabe, Tokyo

Kuwait

Ibrahim Fadil Benter, Safat

Malaysia

Aida Hanum Ghulam Rasool, Kota Bharu

Mexico

Martha Rodríguez Moran, Durango

Mongolia

Shuumarjav Uurtuya, Ulaanbaatar

Netherlands

Charles Agyemang, Amsterdam
Ka Lai Cheng, Rotterdam
Heleen M den Hertog, Rotterdam
Barend Mathijs Eduard Mees, Den Haag
Pim Van der Harst, Groningen

New Zealand

Gillian Amanda Whalley, Auckland

Nigeria

Simeon Alabi Simeon, Sokoto

Norway

Tonje Amb Aksnes, Oslo

Pakistan

Mohammad Wasay, Karachi

Poland

Grzegorz Pawel Kopec, Cracow
Tomasz Jan Rechciński, Lodz
Tomasz Andrzej Zielinski, Warszawa

Qatar

Hong Ding, Doha

Russian

Arthur M Melkumyants, Moscow

Saudi Arabia

Mohamed AA Haidara, Abha
Aiman M El-Saed Ramadan, Riyadh

Serbia

Dragan J Milic, Nis

Singapore

Jinsong Bian, Singapore
Chan Yan Yee Mark, Singapore
Vijay Kumar Sharma, Singapore

II May 23, 2013WJH|www.wjgnet.com



III May 23, 2013WJH|www.wjgnet.com

Slovakia

Iveta Herichova, Bratislava
Olga Pechánová, Bratislava
Fedor Simko, Bratislava

Slovenia

Janja Pretnar Oblak, Ljubljana

South Korea

Jong HoLee, Seoul
Inho Jo, Seoul
Dong-Ik Kim, Seoul
In-Kyu Lee, Daegu
Chang Gyu Park, Seoul
Moo-Yong Rhee, Gyeonggi-do
Ki-Chul Sung, Seoul

Spain

Adrià Arboix, Barcelona
Francisca Barceló, Palma
Vivencio Barrios, Madrid
PJ Morillas Blasco, San Juan de Alicante
Carlos Escobar Cervantes, Madrid
Pablo García de Frutos, Barcelona
Carlos Félix Sanchez Ferrer, Madrid
Vicente Lahera, Madrid
Raul Moreno, Madrid
Alberto Ortiz, Madrid
Miguel Rivera Otero, Valencia
Mercedes Salaices, Madrid
García Salom, Murcia
Rosa Solà, Reus

Sweden

Axel Carl Carlsson, Stockholm
Mattias Carlström, Stockholm
Folke Sjöberg, Linköping
Cang-Bao Xu, Lund

Switzerland

Thomas Dieterle, Basel

Turkey

Murat Biteker, Istanbul
Teoman Kilic, Kocaeli
Ilker Tasci, Ankara
Okan Turgut, Sivas

United Kingdom

Charalambos Antoniades, Oxford
Jonathan Birns, London
Pierluigi Costanzo, Cottingham
Timothy Mark Curtis, Belfast
Christopher Jackson, Bristol
Juan-Carlos Kaski, London
Ludwig Neyses, Manchester
Jeetesh Valijibhai Patel, Birmingham
T Alexander Quinn, Oxford
Alexander Marcus Seifalian, London
Bryan Williams, Leicester
Junxi Wu, Glasgow

United States

Ali Ahmed, Birmingham
Vignendra Ariyarajah, Philadelphia
George Bakris, Chicago
Arlin Blood, Loma Linda
Michael D Brown, Philadelphia
Oscar A Carretero, Detroit
Kejing Chen, Woodstock
Yanfang Chen, Dayton
Gregory Cherr, Buffalo
Steven G Chrysant, Oklahoma
Julia L Cook, New Orleans
David Eugene Dostal, Temple
Scott Earley, Fort Collins
Brent M Egan, Charleston
Khalid Mustafa Elased, Dayton
Guo-Chang Fan, Cincinnati
Ming-Guo Feng, New Orleans
Andrew W Gardner, Oklahoma
Robert Joel Goldberg, Worcester
Prasenjit Guchhait, Houston
Alok K Gupta, Baton Rouge
Gang Hu, Baton Rouge
Arshad Jahangir, Scottsdale-Phoenix
Muthuvel Jayachandran, Rochester
Huanguang Jia, Gainesville
Xian-Cheng Jiang, Brooklyn
Kai Jiao, Birmingham

Pedro A Jose, Washington
Raouf A Khalil, Boston
Raj Kishore, Chicago
Peter Kokkinos, Washington
Bruce C Kone, Houston
Theodore A Kotchen, Milwaukee
Richard A Krasuski, Cleveland
Rakesh C Kukreja, Richmond
Rajesh Kumar, Temple
Jason M Lazar, Brooklyn
Eric Lazartigues, New Orleans
De-Pei Li, Houston
Faqian Li, Rochester
Ruisheng Liu, Jackson
Jun Ma, Palo Alto
Robert H Mak, La Jolla
Mahmood S Mozaffari, Augusta
J Peter Oettgen, Boston
Pál Pacher, Bethesda
Jing Pan, Temple
Sampath Parthasarathy, Columbus
Qi Qian, Rochester
Gangjian Qin, Chicago
Xiaoping Ren, Cincinnati
Lindy Marie Rossow, Norman
Juan M Saavedra, Bethesda
Barry William Scheuermann, Toledo
Hossam A Shaltout, Winston-Salem
Joseph Isaac Shapiro, Toledo
Weibin Shi, Charlottesville
Elsayed Z Soliman, Winston Salem
David E Stec, Jackson
Hirofumi Tanaka, Austin
Dale D Tang, Albany
N D Vaziri, Orange
Gang Wang, New York
Jianjie Wang, Springfield
Mingyi Wang, Baltimore
Yi-Xin Wang, Lafayette
Monte S Willis, Chapel Hill
Yi Wu, Philadelphia
James Michael Wyss, Birmingham
DaLiao Xiao, Loma Linda
Lai-Hua Xie, Newark
Jihong Xing, Hershey
Zhice Xu, Torrance
Baojian Xue, Iowa
Zhekang Ying, Columbus
Rogelio Zamilpa, San Antonio
Robert Yuk-Lung Zee, Boston
Chunxiang Zhang, Newark
Li-Ru Zhao, Shreveport
Ming-Sheng Zhou, Miami
Xin J Zhou, Dallas



W J
 

World Journal of 
HypertensionH

Contents

IWJH|www.wjgnet.com August 23, 2015|Volume 5|Issue 3|

Quarterly  Volume 5  Number 3  August 23, 2015

           EDITORIAL
104	 Dairy:	A	lower	percent	investment	in	the	volatile	hypertensive	environment

	 Pearman	ME,	Tanaka	H

           MINIREVIEWS
107	 Multi-slice	computerized	tomography	critical	role	in	transcatheter	aortic	valve	implantation	plan:	Review	of	

current	literature

	 Koifman	E,	Hamdan	A



Contents
World Journal of Hypertension

Volume 5  Number 3  August 23, 2015

EDITORS FOR 
THIS ISSUE

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

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

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

PUBLICATION	DATE
August 23, 2015

COPYRIGHT
© 2015 Baishideng Publishing Group Inc. Articles pub-
lished by this Open-Access journal are distributed under 
the terms of  the Creative Commons Attribution Non-
commercial License, which permits use, distribution, 
and reproduction in any medium, provided the original 
work is properly cited, the use is non commercial and is 
otherwise in compliance with the license.

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

INSTRUCTIONS	TO	AUTHORS
Full instructions are available online at http://www.
wjgnet.com/2220-3168/g_info_20100722180909.htm.

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

IIWJH|www.wjgnet.com

ABOUT COVER

AIM AND SCOPE

INDExINg/ABSTRACTINg

FLYLEAF

August 23, 2015|Volume 5|Issue 3|

NAME	OF	JOURNAL	
World Journal of  Hypertension

ISSN
ISSN 2220-3168 (online)

LAUNCH	DATE
December 23, 2011

FREQUENCY
Quarterly

EDITORS-IN-CHIEF
Bernard Man Yung Cheung, PhD, Clinical Professor, 
Division of Clinical Pharmacology and Therapeutics, De-
partment of Medicine, University of Hong Kong, Room 
802, 8/F, Administration Block, Queen Mary Hospital, 
102 Pokfulam Road, Hong Kong, China

Ryuichi Morishita, MD, PhD, Professor, Department 
of  Clinical Gene Therapy, Osaka University Graduate 
School of  Medicine, 2-2 Yamada-oka, Suita City, Osaka, 
565-0871, Japan

Editorial	Board	Member	of	World	Journal	of	Hypertension ,	Maurizio	Paciaroni,	

MD,	Stroke	Unit	and	Division	of	Cardiovascular	Medicine,	Santa	Maria	della	

Misericordia	Hospital,	University	of	Perugia,	Via	Dottori	1,	06100	Perugia,	Italy

World Journal of  Hypertension (World J Hypertens, WJH, online ISSN 2220-3168, DOI: 
10.5494) is a peer-reviewed open access academic journal that aims to guide clinical 
practice and improve diagnostic and therapeutic skills of  clinicians.

WJH covers topics concerning atherosclerosis, atrial fibrillation, blood pressure 
measurement, cerebrovascular diseases, clinical aspects and trials for hypertension, 
community cardiovascular practice, diabetes, hypertension education programs, 
endocrine hypertension, epidemiology of  hypertension and metabolic disorders, 
experimental hypertension, renal hypertension; and hypertension-related heart failure, 
hemodynamics, imaging procedures, implementation of  guidelines, lifestyle changes, 
microcirculation, molecular biology, neural mechanisms, new therapeutic development, 
obesity and metabolic syndrome, organ damage, pharmacoeconomics, public health, 
renin-angiotensin system, sleep apnea, therapeutics and clinical pharmacology. Priority 
publication will be given to articles concerning diagnosis and treatment of  hypertensive 
disease. The following aspects are covered: Clinical diagnosis, laboratory diagnosis, 
differential diagnosis, imaging tests, pathological diagnosis, molecular biological diagnosis, 
immunological diagnosis, genetic diagnosis, functional diagnostics, and physical diagnosis; 
and comprehensive therapy, drug therapy, surgical therapy, interventional treatment, 
minimally invasive therapy, and robot-assisted therapy. 

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

	 World Journal of  Hypertension is now indexed in Digital Object Identifier.

I-III	 Editorial	Board



Dairy: A lower percent investment in the volatile 
hypertensive environment

Miriam E Pearman, Hirofumi Tanaka

Miriam E Pearman, Hirofumi Tanaka, Cardiovascular Aging 
Research Laboratory, Department of Kinesiology and Health 
Education, University of Texas at Austin, Austin, TX 78712, 
United States

Author contributions: Pearman ME and Tanaka H wrote the paper. 

Conflict-of-interest statement: There are no conflicts of interest 
to report.

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: Hirofumi Tanaka, PhD, Cardiovascular 
Aging Research Laboratory, Department of Kinesiology and 
Health Education, University of Texas at Austin, 2109 San 
Jacinto. Blvd, D3700, Austin, TX 78712, 
United States. htanaka@austin.utexas.edu
Telephone: +1-512-2324801
Fax: +1-512-4710946

Received: March 26, 2015
Peer-review started: March 28, 2015
First decision: May 13, 2015
Revised: June 1, 2015
Accepted: July 7, 2015
Article in press: July 8, 2015
Published online: August 23, 2015 

Abstract
In cross-sectional and intervention studies, low-fat dairy 
has proven to be effective in lowering blood pressure 
in a hypertensive population. Contributing mechanisms 
include the angiotensin-converting enzyme-inhibiting 
effects of peptides and possible interplay between 

calcium and vitamin D. Easily added to the diet, low-fat 
dairy is an attractive addition to nutritional, lifestyle, and 
pharmacological interventions to treat hypertension.

Key words: Dairy; Blood pressure; Hypertension; Milk; 
Cardiovascular

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

Core tip: Low-fat dairy has shown to be effective in 
lowering blood pressure in a hypertensive population. 
Contributing mechanisms include the angiotensin-conver-
ting enzyme-inhibiting effects of peptides and possible 
interplay between calcium and vitamin D. Easily added 
to the diet, low-fat dairy is an attractive addition to 
nutritional, lifestyle, and pharmacological interventions 
to treat hypertension.

Pearman ME, Tanaka H. Dairy: A lower percent investment in the 
volatile hypertensive environment. World J Hypertens 2015; 5(3): 
104-106  Available from: URL: http://www.wjgnet.com/2220-3168/
full/v5/i3/104.htm  DOI: http://dx.doi.org/10.5494/wjh.v5.i3.104

BRIEF REVIEW: LOW-FAT DAIRY AND 
HYPERTENSION
Hypertension affects nearly 1/3 of Americans over 
the age of 20 and 3/4 of those over 65 years of 
age[1]. Hypertension can be treated with pharmaco
logical interventions, but the drug therapies are often 
accompanied by unwanted side effects including 
reduced functional capacity and orthostatic hypo
tension[2]. Accordingly, nonpharmacological lifestyle 
modifications that can help resolve hypertension 
without the associated side effects of medication are 
increasingly emphasized. Indeed, recommendations 
by the Joint National Committee on Prevention, 
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Detection, Evaluation, and Treatment of High Blood 
Pressure indicate that lifestylebased interventions can 
elicit hypotensive effects and should be incorporated 
into any treatment plan for high blood pressure[3]. 
Some interventions require a lot of effort (e.g., regular 
exercise)  or drastic changes (e.g., hypocaloric diet) that 
compliance and adherence rates may be substantially 
low. In this context, an idea of simply adding milk into 
the routine diet is attractive as it is easy and simple to 
implement. Does that help lower blood pressure?    

Crosssectional studies have found higher intakes 
of lowfat dairy are associated with lower risk of 
hypertension[4]. Consuming 2 or more servings a day 
of low fat dairy products decreased the relative risk 
of incident hypertension by 11%[5]. The results of the 
dietary intervention studies are consistent with the 
crosssectional or observational findings. The Dietary 
Approaches to Stop Hypertension (DASH) diet is low in 
total fat, saturated fat, and sodium, but high in fruit and 
vegetables. In a hypertensive population, consuming 
the DASH diet combined with lowfat dairy products 
decreased blood pressure more than a diet high in fruits 
and vegetables alone[6]. The hypotensive effects seen 
from the inclusion of lowfat dairy in the DASH diet 
are preserved by adding 4 servings/d of lowfat dairy 
without further adjustments to a typical diet[7]. Yet this 
effect is not seen with the addition of a single serving of 
lowfat dairy[8] suggesting that there is minimum dose 
required for the hypotensive effects of low fat dairy. 
Further, beneficial effects of dairy on retinal vascular 
structures offer promise for improved microcirculation 
and endorgan vascular health potentially achieved with 
chronic dairy consumption[9,10]. 

Physiological mechanisms underlying the hypoten
sive effects of dairy are unknown but multiple mech
anisms are likely involved. Increasing serum calcium 
through dietary intake would decrease serum 1,25OH2
vitamin D concentrations and decrease the calcium 
ion flux into cells thereby preventing the intracellular 
calciummediated vasoconstriction of smooth muscle 
cells in the muscularis externa of the arterial wall[11]. In 
fact, the DASH diet with lowfat dairy included lowered 
1,25OH2vitamin D and intracellular calcium more than 
the DASH diet alone; the decreased intracellular calcium 
correlated with a fall in blood pressure[12]. Additionally, 
an independent association between the isoform of 
vitamin D and increased blood pressure has been 
established further reinforcing the link between calcium, 
vitamin D, and blood pressure[13]. 

Bovine milk is comprised of 31%33% protein of 
which 80% is casein and 20% is whey. Both forms of 
proteins have been implicated in eliciting the hypotensive 
effects of dairy[1417]. These effects are likely due to the 
ACE-inhibiting properties of peptides, specifically casein 
and whey derived lactotripeptides, casokinins and 
lactokinins, respectively[11,18]. Both require enzymatic 
hydrolysis to release the functional peptides, which 
is accomplished through the fermentation process of 
digestion by lactic acidproducing bacteria. Proline

proline dipeptides, including IleProPro and ValPro
Pro, have shown to resist degradation during digestion 
and may be more effective at lowering blood pressure 
than other peptides[11,18]. Twelve weeks of casein and 
whey supplementation in overweight men and women 
decreased blood pressure with no difference between 
the two forms of proteins[19]. These hypotensive 
effects may require regular consumption of proteins 
as acute ingestion of whey and casein do not exert 
an effect on blood pressure[15]. Certain milk peptides 
may inhibit endothelin1 release by endothelium cells, 
reduce chronic vasoconstrictor tone, and exert the 
hypotensive effects[20]. Interestingly, fermented strains 
of Lactobacillus helveticus (naturally high in ACE 
inhibitory tripeptides) have also been shown to reduce 
blood pressure, suggesting the bacteria responsible for 
fermentation may also play a role[17,21].

Is there any benefit of consuming whole milk and 
fullfat dairy products? In the 1970s, the link between 
saturated fat intake and cardiovascular disease (CVD) 
was identified, but it wasn’t until the early 1990s when 
recommendations to reduce saturated fat intake led 
to the emergence and popularity of low fat diets. As 
a result, the notion that whole milk/dairy would exert 
unfavorable effects on blood cholesterol and thus 
cardiovascular health became wide spread among the 
public. Recent reviews and metaanalyses on dairy and 
blood pressure have found no such link between fullfat 
dairy and CVD[14,22]. In regards to blood pressure, while 
low fat dairy has consistently demonstrated hypotensive 
effects, fullfat dairy showed no such association[4,23].  
Interestingly, if peptides and calcium are the primary 
contributors to the hypotensive effects of dairy, it seems 
reasonable that fullfat dairy products would also elicit 
the hypotensive effects seen from lowfat dairy as these 
components are still present at similar quantities. Future 
dietary interventions using whole milk and fullfat dairy 
are needed to answer this important and relevant 
question. 

Clearly, simply adding milk and dairy to the routine 
diet does not elicit unwanted side effects and is an 
easy lifestyle modification to make. It is much easier 
than performing strenuous exercise or undergoing 
hypocaloric diet. Obviously, this dietary intervention 
is not suitable for those with lactose intolerance but 
is highly generalizable to most individuals with high 
blood pressure. However, there are a lot of unanswered 
questions regarding the relation between dairy 
products and hypertension. Is whole milk and full
fat dairy effective in lowering blood pressure? What 
is the dominant physiological mechanisms underlying 
the hypotensive effects of dairy? What dairy products 
(e.g., milk, yogurt, cheese) are most effective in 
reducing blood pressure? Is there any additive 
hypotensive effects of dairy when they were combined 
with other lifestyle modifications[24]? Regardless, 
for those diagnosed with hypertension, adding low
fat dairy to a treatment plan of nutritional, lifestyle, 
and pharmacological interventions could be a small 
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investment that yields a lifetime of returns. 
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Abstract
Transcatheter aortic valve implantation (TAVI) has been 
shown in improve outcome of severe aortic stenosis (AS) 
patients, deemed surgical high-risk or inoperable, and 
has grown popular in the past decade. The procedure 
requires accurate prior planning, and demands an 
integration of a “Heart Team” consisted from cardiac 

surgeons, interventional cardiologists, and imaging 
experts. The role of cardiac imaging and especially 
multi-slice computerized tomography (MSCT) has been 
a mainstay of pre-evaluation of severe AS patients that 
allows to accurately depict and size the cardiac and 
vascular structures, and has become the primary tool 
for procedural planning. This article is aimed to evaluate 
current uses of MSCT in severe AS patients undergoing 
TAVI, delineate the various measurements derived from 
this modality and review current literature regarding it’s 
advantages over other techniques.

Key words: Transcatheter aortic valve implantation; 
Multi-slice computerized tomography; Aortic annular 
sizing; Vascular access
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Core tip: Transcatheter aortic valve implantation 
(TAVI) has been shown in improve outcome of severe 
aortic stenosis patients, deemed surgical high-risk or 
inoperable, and has grown popular in the past decade. 
The procedure requires accurate prior planning, and 
demands an integration of a “Heart Team” approach 
consisted from cardiac surgeons, interventional cardio-
logists, and imaging experts. The role of cardiac 
imaging and especially multi-slice computerized tomo-
graphy (MSCT) has been a mainstay of TAVI evaluation, 
and allows accurate depiction and sizing of the cardiac 
and vascular structures. This article is aimed to review 
current use of MSCT in TAVI patients.
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INTRODUCTION
Transcatheter aortic valve implantation (TAVI) has 
been shown to improve outcome of severe aortic 
stenosis patients deemed inoperable[1] or high risk[2], 
with mortality rates lower than surgical aortic valve 
replacement[3]. However, this procedure incurs compli
cations such as paravalvular leak, vascular access 
complications, stroke, conduction defects requiring 
pacemaker implantation, and less commonly, annular 
rupture[4,5].

A “heart team” approach is recommended in any 
patient considered for TAVI[6,7]. This team is com
prised of a multidisciplinary team including general 
cardiologists, cardiac surgeons, interventional cardio
logists, anesthesiologists and imaging cardiologists. 
The assessment of each patient requires evaluation of 
symptoms, cardiac and valvular function[8] to determine 
the severity of aortic stenosis and appropriateness 
of intervention. Once a patient is considered for inter
vention, the risk of surgery should be determined 
according to comorbidities, patient function and frailty 
and technical aspects such as porcelain aorta and prior 
cardiac surgery[9,10]. In case of inoperability or high 
surgical risk, additional imaging should be performed 
for the evaluation of suitability for TAVI in order to 
determine annular size, distance between annulus and 
coronary artery ostium, implantation angle, and vascular 
access. This can be done by various methods, most 
commonly by multislice computerized tomography 
(MSCT). This review aim is to describe MSCT for 
evaluation of patients referred for TAVI.

MSCT DATA
Unlike surgery, where direct visualization and sizing of 
the valve is done, TAVI is performed with a 2dimentional 
fluoroscopy guidance, where it is difficult to asses 
proper valvular size and access routes. MSCT enables 
extracting a large amount of data from a 3dimentional 
image which include access options by measuring the 
diameters of the arteries and aorta in the perpendicular 
plane, establishing the presence of protruding athero
sclerotic plaques, assessing the calcification of the 
arteries and aortic annulus and evaluating annular 
dimensions and its proximity to important anatomical 
landmarks such as the coronary arteries ostium (Table 
1). These measurements require an accurate alignment 
of images in the appropriate plane done by an imaging 
expert and reviewed by the interventional cardiologist.

MSCT DATA ACQUISITION
The acquisition of the CT data should be performed 
during an inspiratory breathhold while the electro
cardiogram (ECG) should be recorded simultaneously 
to allow retrospective or prospective gating of the data. 
Imaging of the annulus in systole, when the aortic 
annulus size increases[11], may be preferable over the 

diastole; however, analysis of the aorta and peripheral 
arteries can be performed without ECG synchrony.

ASSESSMENT OF THE AORTIC 
ANNULUS
The aortic root is a complex anatomic structure com
prised from a tri-leaflet valve inserted in a semi-lunar 
mode into the left ventricle and aortic root, which 
creates the sinuses of valsava that accommodate the 
coronaries origin. It lies in a close proximity to the 
atrioventricular node and the left bundle of the cardiac 
conduction system[12].

Accurate measurement of the aortic annulus is a 
critical step in the planning of TAVI, since it enables 
proper valve sizing, grades calcification of aortic annulus 
and measure the distance to the coronaries origin. 
These parameters point to possible complications 
including paravalvular leaks[13,14], annular rupture[15,16] 
and coronary arteries obstruction[17,18], all of which have 
adverse impact on patients outcome[19,20]. 

The aortic annulus has an oval shape, thus mea
suring its diameter in a single plane is inaccurate 
and misleads the operators when sizing the valve[21]. 
Therefore measuring annular diameter by 2D echocar
diography usually provides the shorter diameter and 
consequently undersizes annular dimensions[22]. Precise 
measurement of annular dimensions requires alignment 
of the image in a perpendicular plane to the basal part 
of leaflets insertion (Figure 1). The parameters derived 
from annular measurements include short and long 
diameters, mean diameter, perimeter and area. The 
aortic annulus, generally elliptic, assumes a more round 
shape in systole, thus increasing cross sectional area 
without substantial change in perimeter. Perimeter 
changes are negligible in patients with calcified valves, 
because tissue properties allow very little expansion. 
Aortic annulus perimeter appears therefore ideally 
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  Assessment of the aortic annulus
     Annular shape
     Calcification
     Annular diameters, area and perimeter coronary artery ostia and 
     additional 
  Aortic root dimensions
     Coronary ostium height
     Sinus of valsava diameter and height
     Sinutubular junction diameter
     Ascending aorta diameter
  Aortic annulus plane for fluoroscopy
     Degree of aortic angulation in relation to the annulus
     Optimal projection angle
  Access route evaluation
     Pelvic and aortic minimal diameters
     Vascular calcification
     Vascular tortuosity
     Presence of protruding atherosclerotic plaques and thrombi

Table 1  Data derived from multi-slice computerized tomo-
graphy imaging



suited for accurate sizing in TAVI[11]. Inter and Intra
observer variability of these measurement by MSCT 
is small and highly reproducible as shown in a recent 
study[23] and studies comparing different modalities for 
prosthesis sizing have shown reduction in paravalvular 
leak with MSCT measurement compared with 2D 
echocardiography[24,25] and therefore MSCT is currently 
regarded as an essential tool for accurate prosthesis 
sizing.

CORONARY ARTERY OSTIA AND 
ADDITIONAL AORTIC ROOT 
DIMENSIONS
Besides aortic annular dimension, other considerations 
should be taken into account upon deciding valve type  
and size. Coronary ostia height and sinus of valsalva 
diameter should be measured (Figures 2 and 3), and 
coronary obstruction risk must be assessed since the 
native valve leaflets are displaced and could potentially 
obstruct the coronary flow. In a multicenter registry, 
coronary obstruction was reported in less than 1% of 
TAVI patients[17]. Predictors of coronary obstruction 
were low coronary ostia height and small sinus of 
valsalva diameter along with female gender, valvein
valve procedure and balloon expandable valve[17]. The 
outcome of this complication is catastrophic with a 30d 
mortality rate of more than 40%. Therefore, it is crucial 
to measure coronary ostia height, ensure adequate 
sinus of valsalva diameter and height according to the 

device requirements, as published by the manufacturer.
Sinotubular junction diameter (Figure 4) should 

also be considered since a smaller diameter than the 
valve implanted could pose a risk of aortic injury upon 
balloon inflation in balloon expandable valves. In self-
expandable valves the ascending aorta (Figure 5) acts 
as an anchorage point, hence, large diameters as in 
aortic aneurysm are a contraindication for the use of 
this type of valve. 

AORTIC ANNULUS PLANE FOR 
FLUOROSCOPY
Positioning of the valve is a critical step in TAVI proce
dure, which is usually performed under angiography 
guidance. Since, angiography is a 2D image, precise 
planar projection is required for accurate centered 
implantation of the valve in a perpendicular angle 
to the native valve plane. Assessment of the proper 
implantation plane can be located by angiography, 
however, this methods has some caveats such as, 
additional contrast injection and radiation exposure 
along with the inherent requirement for interpreting a 
2D image in a 3 dimensional manner. Moreover, certain 
anatomic features can complicate this task, like severe 
calcification of the aortic valve and root, which can 
obscure the leaflet insertion, and chest deformation, 
which can require extreme angles for implantation. 
MSCT allows a 3D image reconstruction without the 
need for additional contrast or radiation, and has been 
shown to accurately predict the valve deployment 
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Figure 1  Aortic annulus dimensions.
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Figure 2  Sinus of valsalva dimensions. 

Figure 3  Sinotubular junction dimensions
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Figure 4  Sinotubular junction dimensions.

Figure 5  Coronary height for the left main (right image) and right coronary artery (left image).
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thus reducing the size of the true lumen. Tortuosity 
can be evaluated after 3D reconstruction the aorta and 
iliofemoral vessels[28], and although severe tortuosity 
can be straightened. Assessment of alternative routes 
can be performed by reconstructing images depicting 
the subclavian artery diameter, calcification and course 
for this route, and aortic calcification for a transaortic 
route. 

CONCLUSION
TAVI frequency is growing worldwide, and accordingly 
the experience with regard to planning the procedure, 
avoiding complications, and treating them when they 
occur. The utilization of advanced imaging techniques 
such as MSCT, with sophisticated data acquisition 
protocols have significantly improved our ability to 
assess the access site, accurately size the aortic root 
dimension and select the appropriate device size, and 
importantly estimate and avoid fatal complications. 
Accordingly, most of TAVI programs include an imaging 
specialist in the heart team. We expect that the use and 
experience of MSCT will grow and enhanced techniques 
and algorithms will allow us to further improve the 
outcome of patients undergoing TAVI in light of the 
large number of new devices that are currently available 
or on trial.
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