Cardiology

Baishideng Publishing Group Inc



World Journal of
Cardiology

W J

A peer-reviewed; online; open-access jowrnal of Cavdiology

Editorial Board

2014-2017

The World Journal of Cardiology Editorial Board consists of 416 members, representing a team of worldwide experts
in cardiology. They are from 46 countries, including Argentina (3), Australia (7), Austria (6), Belgium (2), Brazil (8),
Canada (11), China (37), Croatia (1), Cuba (1), Cyprus (1), Czech Repoublic (2), Denmark (3), Egypt (1), Finland (3),
France (3), Germany (32), Greece (10), Hungary (5), India (4), Iran (2), Ireland (1), Israel (5), Italy (63), Japan (32),
Kosovo (1), Malaysia (1), Mexico (1), Morocco (1), Netherlands (9), New Zealand (1), Nigeria (2), Norway (2), Poland
(8), Portugal (2), Saudi Arabia (2), Singapore (3), Slovenia (1), South Korea (9), Spain (14), Switzerland (3), Thailand (3),
Turkey (13), United Arab Emirates (1), United Kingdom (20), United States (73), Uruguay (2), and Venezuela (1).

JRaishideng®

EDITORS-IN-CHIEF
Jian-Jun Li, Beijing
Giuseppe De Luca, Novara
Nathan D Wong, Irvine

ASSOCIATE EDITOR

Fabio Barili, Cuneo

Raffaele Bugiardini, Bologna

Olaf Walter Franzen, Ziirich
Philipp Kahlert, Essen

Giora Landesberg, Jerusalem
Elsayed Z Soliman, Winston Salem

GUEST EDITORIAL BOARD
MEMBERS

Shih-Tai Chang, Putz
Mien-Cheng Chen, Kaohsiung
Juei-Tang Cheng, Tainan
Woei-Jer Chuang, Tainan
Shih-Hung Hsiao, Kaohsiung
Wei-Chun Huang, Kaohsiung
Tsung-Ming Lee, Tainan
Tzong-Shyuan Lee, Taipei
Jiun-Yi Li, Taipei

Gen-Min Lin, Hualien
Ping-Yen Liu, Tainan

Kou-Gi Shyu, Taipei
Chin-Hsiao Tseng, Taipei

MEMBERS OF THE EDITORIAL
BOARD

Argentina

Mariano Falconi, Buenos Aires
Ricardo R Forastiero, Buenos Aires
Gaston A Rodriguez-Granillo, Bueros Aires

WJC | www.wjgnet.com

V%
\

Australia

Christoph E Hagemeyer, Melbourne
Christian Hamilton-Craig, Brisbane
Kwok Ming Ho, Perth

Tin Kyaw, Melborune

Kazuko Masuo, Melbourne

Hamish C Prosser, Sydney
Zhonghua Sun, Perth

I
N Austria

Alexander Binder, Graz
Mariann Gyongyosi, Vienna
Rudolf Kirchmair, Innsbruck
Deddo Moertl, Vienna

Gert Reiter, Graz

Toannis Tentzeris, Vienna

..

BSN Alzand, Ronse
Paul Vermeersch, Antwerpen

)
Brazil

Edimar A Bocchi, Sao Paulo

Antonio CC de Carvalho, Rio de Janeiro
Guilherme V Guimaraes, Sao Paulo
Ronaldo Lima, Rio de Janeiro
Christiane Malfitano, Sao Paulo
Antonio P Mansur, Sao Paulo
Gilberto De Nucci, Campinas

Andre Talvani, Ouro Preto

Ld o

Rodrigo Bagur, Quebec
Jagdish Butany, Toronto
Mohamed Chahine, Québec
Paul Farand, Sherbrooke
Michael E Farkouh, Toronto
Robert Gros, London
Joseph F Ndisang, Saskatoon
Simon W Rabkin, Vancouver
Jacqueline WL Saw, Vancouver
Caroline Sirois, Levis

Sara S Nunes Vasconcelos, Toronto
* r

*

China

Feng Cao, Xi'an

Xiao-Shu Cheng, Nanchang
Jie Du, Beijing

Jun-Bao Du, Beijing
Deng-Feng Gao, Xi'an
Chang-Qing Gao, Beijing
Kai-Zheng Gong, Yangzhou
Kai Huang, Wuhan

Bin Jiang, Beijing

Zhi-Yong Li, Nanjing

Tong Liu, Tianjin

Jing-Ping Sun, Hong Kong
Jun Tao, Guangzhou
Malcolm ] Underwood, Hong Kong
Song Wan, Hong Kong

Yi Wan, Xi'an

Chi-Ming Wong, Hong Kong
Jian-Bo Wu, Luzhou
Hai-Wei Wu, Nanjing

Yong Xu, Nanjing
Chen-Jiang Ying, Wuhan
Hong-Kun Zhang, Hangzhou

March 26, 2014




Roishidenge ~ WJC | www.wjgnet.com March 26, 2014




Raishidenge ~ WJC | www.wjgnet.com March 26, 2014




Raishidenge ~ WJC | www.wjgnet.com March 26, 2014




/{/ (]‘ World Journal of
Cardiology

Contents Monthly Volume 11 Number 9 November 26, 2017

REVIEW
796 Effects of energy drinks on the cardiovascular system
Wassef B, Kohansieh M, Makaryus AN

ORIGINAL ARTICLE
Randomized Clinical Trial

807 Randomized study comparing incidence of radial artery occlusion post-percutaneous coronary intervention
between two conventional compression devices using a novel air-inflation technique

Voon V, Ayyaz Ul Haq M, Cahill C, Mannix K, Ahern C, Hennessy T, Arnous S, Kiernan T

Raishidenge ~ WJC | www.wjgnet.com I November 26, 2017 | Volume 9 | Issue 11 |



Contents

World Journal of Cardiology
Volume 11 Number 9 November 26, 2017

ABOUT COVER

Editorial Board Member of World Journal of Cardiology, Ping-Yen Liu, FACC,
MD, PhD, Associate Professor, Institute of Clinical Medicine and Division of
Cardiology, Internal Medicine, National Cheng Kung University, Tainan 70401,
Taiwan

AIM AND SCOPE

World Journal of Cardiology (World | Cardiol, W]C, 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.

W]C 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.

INDEXING/ABSTRACTING World Journal of Cardiology is now indexed in Emerging Sources Citation Index (Web of
Science), PubMed, and PubMed Central.
FLYLEAF I-IV  Editorial Board

EDITORS FOR

Responsible Assistant Editor: Xiang i
Responsible Electronic Editor: Li-Min Zhao

Responsible Science Editor: Jin-Xin Kong
Proofing Editorial Office Director: Xiu-Xia Song

THIS ISSUE Proofing Editor-in-Chief: Lian-Sheng Ma

NAME OF JOURNAL sity of California, Irvine, CA 92629, United States PUBLICATION DATE

World Journal of Cardiology November 26, 2017
EDITORIAL BOARD MEMBERS

ISSN All editorial board members resources online at http://

: - wwwwignet.com/1949-8462 /editorialboard htm COPYRIGHT
ISSN 1949-8462 (online) e © 2017 Baishideng Publishing Group Inc. Aricles
published by this Open-Access journal are distributed

LAUNCH DATE Eg}_lg%{il- OD[]:;IC(E(I)EI under the terms of the Creative Commons Attribution

December 31, 2009 3 N Non-commercial License, which permits use, distribution,
World Journal of Cardiology d duction i di ided the oficinal
Baishideng Publishing Group Inc and reproduction in any medium, provided the origina

FREQUENCY 0015 eng | Drive Sui 5% 1 Dl CA 94588, USA work is propetly cited, the use is non commercial and is

Monthly 7901 Stoneridge Drive, Suite 501, Pleasanton, , Ul otherwise in compliance with the license.

EDITORS-IN-CHIEF

Jian-Jun Li, MD, PhD, Professor, Center for Coro-
nary Artery Disease, Fu Wai Cardiovascular Hospital,
Chinese Academy of Medical Science, Beijing 100037,
China

Giuseppe De Luca, PhD, Assistant Professor, De-
partment of Cardiology, Piedmont University, Novara
28100, Italy

Nathan D Wong, FACC, FAHA, PhD, Director,
Professor, Heart Disease Prevention Program, Divi-
sion of Cardiology, Department of Medicine, Univer-

Telephone: +1-925-2238242

Fax: +1-925-2238243

E-mail: editorialoffice@wijgnet.com

Help Desk: http:/ /wwwifGpublishing.com,/helpdesk
http:/ /www.wjgnet.com

PUBLISHER

Baishideng Publishing Group Inc

7901 Stoneridge Drive, Suite 501,

Pleasanton, CA 94588, USA

Telephone: +1-925-2238242

Fax: +1-925-2238243

E-mail: bpgoffice@wjgnet.com

Help Desk: http:/ /wwwif6publishingcom/helpdesk
http://www.wignet.com

SPECIAL STATEMENT

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

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

ONLINE SUBMISSION
http:/ /www.f6publishing.com

JRaishideng®

WJC | www.wjgnet.com

II

November 26, 2017 | Volume 9 | Issue 11 |




wJ

World Journal of
Cardiology

Submit a Manuscript: http:/ /www.f6publishing.com

DOI: 10.4330/wijc.v9.i11.796

World | Cardiol 2017 November 26; 9(11): 796-806

ISSN 1949-8462 (online)

REVIEW

Effects of energy drinks on the cardiovascular system

Bishoy Wassef, Michelle Kohansieh, Amgad N Makaryus

Bishoy Wassef, Department of Family Medicine, Eisenhower
Medical Center, Rancho Mirage, CA 92270, United States

Michelle Kohansieh, Stern College for Women, Yeshiva
University, New York, NY 10016, United States

Amgad N Makaryus, Department of Cardiology, Northwell
Health/Nassau University Medical Center, East Meadow, NY
11554, United States

Amgad N Makaryus, Hofstra Northwell School of Medicine,
Hempstead, NY 11549, United States

Author contributions: All of the authors contributed to this
manuscript.

Conflict-of-interest statement: No conflicts of interest exist for
any of the authors with respect to the publication of this article.

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

Manuscript source: Invited manuscript

Correspondence to: Amgad N Makaryus, MD, Associate
Professor, Chairman, Department of Cardiology, Northwell
Health/Nassau University Medical Center, 2201 Hempstead
Turnpike, East Meadow, NY 11554,

United States. amakaryu@numec.edu

Telephone: +1-516-2964949

Received: April 21,2017
Peer-review started: April 21,2017
First decision: June 12,2017
Revised: August 4, 2017

Accepted: August 15,2017

Article in press: August 16, 2017

Baishidenge  WJC | www.wjgnet.com

796

Published online: November 26, 2017

Abstract

Throughout the last decade, the use of energy drinks
has been increasingly looked upon with caution as
potentially dangerous due to their perceived strong
concentration of caffeine aside from other substances
such as taurine, guarana, and L-carnitine that are
largely unknown to the general public. In addition, a
large number of energy drink intoxications have been
reported all over the world including cases of seizures
and arrhythmias. In this paper, we focus on the effect
of energy drinks on the cardiovascular system and
whether the current ongoing call for the products’ sales
and regulation of their contents should continue.

Key words: Energy drinks; Caffeine; Taurine; Guarana;
Cardiovascular effects

© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: The last decade has witnessed a great
surge in the consumption of energy drinks which
coincided with an increased rate of reported cases of
intoxications resulting in cardiovascular adverse effects
especially arrhythmias, although most of such cases
were associated with alcohol, stimulants, or rapid
consumption in a short period of time. In our paper,
we summarized the research pertaining to the most
common components of the energy drinks in an attempt
to evaluate whether the call for control of the products
is merited, some of which had surprising possible health
benefits.

Wassef B, Kohansieh M, Makaryus AN. Effects of energy
drinks on the cardiovascular system. World J Cardiol 2017,
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INTRODUCTION

The last decade has witnessed the greatest rise in the
consumption of non-steroidal energy supplements for
the specific purpose of boosting athletic performance
and concentration. For many years, the use of energy
drinks (ED) has been perceived as potentially
dangerous due to their strong concentration of caffeine
and presence of other substances such as taurine,
guarana, and L-carnitine amongst others. In France,
the use of Red Bull™ was banned at one point until the
rule was reversed by the European Union on claims
of the lack of evidence for its toxicity. The controversy
surrounding energy drinks heightened recently due
to the increasing reports of energy drink toxicities,
most alarmingly in regard to heart rhythm and central
nervous system abnormalities such as atrial fibrillation
and seizures, respectively. We aim to focus on the
effect of energy drinks on the cardiovascular system
and whether the call for the products’ sales and
regulation of their contents has merit.

SCOPE OF THE ISSUE

Wassef B et a/. Cardiovascular effects of energy drinks

for up to 6 h™*. Another study found that subjective
ratings of vigor and fatigue were improved after the
consumption of energy drinks, although, objective
performance did not improve and, in fact, seemed to
worsen over time®,

With increased stress to perform academically,
athletically, and socially, it is not surprising that most
consumers of EDs are teenagers and young male
adults’®”), It should be noted that ED consumption
cannot be looked at as a separate entity as co-ingestion
with alcohol, drugs, and other pharmaceuticals has
become a widespread practice. A cross-sectional
survey conducted in 2012 reported that 85 emergency
department patients, that were there for ED related
events, showed that illicit stimulants such as cocaine
and methamphetamine were often co-ingested™.
Another study found that males were more likely to
co-ingest alcohol or drugs, whereas in females, co-
ingestion of other medications was more common®.. It
should be noted that the half-life of caffeine was found
to increase by up to 72% with its coingestion with
alcohol, thereby enhancing the effects of EDs!'.,

PURPORTED EFFECTS OF ENERGY
DRINKS AND THEIR CAFFEINE-
RELATED CAUSAL ROLES ON THE
CARDIOVASCULAR SYSTEM (FIGURE 1)

In recent years, the market for energy drinks has
thrived and after 50 years in the market, the
consumption of these beverages has increased
exponentially™. Along with a growing global market,
emergency room visits due to the consumption of
energy drinks have increased as well. The Substance
Abuse and Mental Health Services Administration
revealed that 20783 people visited the emergency
department with complaints involving caffeine
rich energy drinks in 2011. Over the period from
2007-2011, ED-related emergency department visits
in the United States doubled®. Due to their high
consumption, lack of evidence, and occasional acute
adverse health effects, the safety of energy drinks has
been called into question. Our review will specifically
focus on the cardiovascular effects of the ingredients
contained in EDs.

As promisors of prolonged arousal, boosted athletic
performance, and increased concentration, energy
drinks have become popular supplements in the past
few years. A recent study of 1620 nursing students
noted 78.1% reported ED use. The students consumed
an average of 1.6 cans per week, ranging from 1 to
30 cans per week®!. Certain ED company claims have
been found to be true. One placebo controlled study
found that certain important aspects of cognitive
function can be improved by a single energy shot.
The study was performed on partially sleep-deprived
healthy individuals and the effect was noted to last
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Physiologic effects on vital signs

Evidence of reported energy drinks-related cardiovascular
adverse effects has helped to further raise suspicion
of these beverages. It is widely believed that caffeine,
particularly at high doses, is associated with multiple
cardiac comorbidities including palpitations and a
number of arrhythmias such as atrial fibrillation and
supraventricular and ventricular ectopy. Caffeine’s effect
in acutely raising the blood pressure is also thought
to stress the cardiovascular system, furthering the
likelihood of it causing arrhythmia. Such an elevation
in blood pressure has been also shown to be more
prominent in the elderly and those with underlying
hypertension. A study of 20 young healthy humans
explored the effects of Red Bull along with induced
mental stress. It was found that compared with the
ingestion of water, ingestion of a 355 mL can of Red Bull
imposes a cumulative cardiovascular load, increasing
systolic BP by about 10 mmHg, diastolic BP by about 7
mmHg, and heart rate by 20 beats/min, and decreasing
cerebral blood flow velocity by -7 cm/st*!,

Several studies have found energy drinks have
been shown to induce hypertension compared to
placebo. A recent study asked fifteen recreational
runners to complete five exercise trials. The subjects
ingested one of three energy drinks or a placebo one
hour prior to testing. Results showed that the fifteen
minute systolic BP readings were significantly higher
in the three energy drink trials (163.87, 166.47, and

November 26, 2017 | Volume 9 | Issue 11 |
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Increased cardiovascular demand leading to possible adverse effects

Figure 1 Effects of energy drinks on the cardiovascular system.

165.00) compared to the placebo trials (156)™2.
Other studies have found the same effect as well.
Elitok et al™* studied 50 young, healthy subjects and
found that 2 h after consumption of 355 mL of Red
Bull their systolic blood pressure increased from 112
to 121 mmHg, and diastolic blood pressure 73 to
76 mmHg. Grasser et al'** conducted a randomized
crossover study of twenty-five young non-obese and
healthy subjects and showed that both systolic and
diastolic blood pressure increased as a result of Red
Bull consumption. The water control load did not.
The study also showed increases in cerebrovascular
resistance and breathing frequency, in addition to
decreases in cerebral blood flow velocity and end-tidal
carbon dioxide™.

A recent comprehensive and systematic review of
case studies related to EDs and their adverse health
effects has found that the most common adverse
events affect the neurological and cardiovascular
systems. The neurological effects were most commonly
seizures but also included neuro psychotic agitation,
aggressive behavior, and suicidal ideation. That may be
because caffeine and taurine are known psychoactive
agents. The cardiac related events included reports
of: Arrhythmias (highest percent 35% with the others
being rare), coronary vasospasm, aortic aneurysm
dissection, cardiac arrest, QT prolongation, acute
cardiomyopathies, accelerated hypertension, reversible
postural tachycardia syndrome, acute coronary
thrombosis, and ST-elevation myocardial infarction.
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The authors attribute the cardiovascular adverse effects
to the ingredients in ED, such as caffeine and taurine
which have shown to increase platelet aggregation,
disturb the endothelial function, and possibly
causing vasospasm in association with hypertension™',
Although there has been a link between energy drink
consumption and platelet aggregation and endothelial
dysfunction, the exact agent that is causing the effects
is still unknown™®, It should be noted that many of
the adverse events described in these case reports
have been linked to haphazard use of ED’s and ED use
combined with alcohol and other substances. Thus,
emergency department case reports offer a hurdle to
clearly understanding the adverse effects of EDs alone.

Another study was conducted with fifteen healthy
adults. Their blood pressures were taken after
abstaining from caffeine for 48 h, and, baseline BP,
HR, and electrocardiographic (ECG) parameters were
measured. Participants were asked to consume 500
mL of an energy drink and measurements were
repeated 30 min, 1 h, 2 h, 3 h, and 4 h later, then
drank 500 mL of energy drink daily for the next 5 d
and measurements taken again on the final day. No
significant ECG changes were noted, yet HR and SBP
measurements increased by 5-7 beats/min and 10
mmHg, respectively. The cardiovascular effects were
greater after five days of consumption than after the
first day of consumption®”.,

Another study enrolled fourteen volunteers, who
completed a three-session study. In each session,
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they received a 20z. 5-h Energy shot, 20z. Ocean Spray™
Diet Cranberry Juice as the placebo, or no drink with
BP readings measured each hour. The energy shot
condition showed diastolic BP readings that were
significantly higher when compared to both the no
drink and placebo drink conditions. Interestingly, it was
also significantly higher at 240 and 360 min when
compared to 60 min. There was no difference in BP
between the placebo and no drink™,

Physiologic effects on heart rhythm and induction of
arrhythmia

A number of documented cases correlated the
consumption of energy drinks to the development
of atrial fibrillation such as: Atrial fibrillation in a
16-year-old Caucasian boy after consuming an
unknown amount of Red Bull™ mixed with vodkal®.
A case of atrial fibrillation in a patient with dilated
cardiomyopathy that experienced seizures after the
cessation of his excessive caffeine consumption™,
and, atrial fibrillation in a 14-year-old Caucasian
boy after an athletic event where he consumed an
unknown amount of energy drink. He noted that he
felt the same fluttering feeling 5 d before as well when
he ingested a Red Bull™™®!, It is noteworthy that in
all of such cases, there is a high suspicion for the
excessive consumption of the beverages as the causal
event.

CAFFEINE CONTENT AND DOSE

The caffeine content of energy drinks has been the
center of the controversy, as it is widely believed that
most such products contain a significantly higher
concentration of caffeine than what is found in an
average cup of coffee. The cardiovascular effects of
caffeine have been heavily studied. Caffeine’s inotropic
effect on the heart muscle has been long looked at
with suspicion as a possible culprit for heart disease
in some people®®™. The last couple of decades saw
coffee be linked with various harmful effects such as
hypertension, gastric ulcers, palpitations, anxiety,
tremulousness, and, ultimately, heart disease!*?!.
Hence, caffeine has an essential role in understanding
the possible dangers of energy drinks.

In healthy individuals, caffeine, a methylxanthine,
increases sympathetic nerve activity. Caffeine’s
molecular mechanism lies in its competitive inhibition
of phosphodiesterase. This results in an elevation in
myocardial cyclic AMP and, as a consequence, the
positive inotropic action on the myocardium. On the
other hand, the inhibition of adenosine receptors
prevents the negative inotropic effect elicited by
adenosine, namely, blocking the vasodilatory effect of
adenosine and adenosine’s inhibitory effects in platelet
aggregation, catecholamine levels, renin release, and
lipolysis. Thus, acute caffeine administration may
increase blood pressure and increase levels of plasma
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catecholamine, renin, and free fatty acid®*.

As noted above, there is an extensive amount
of literature that reveals that caffeine moderately
increases blood pressure and heart rate!* ! and
also linked to a drop in myocardial blood flow*>%,
However, caffeine has also been shown to have some
positive benefits as well. One study showed that
caffeine consumption was associated with a significant
increase in flow-mediated dilation and a decrease in
hs-CRP level in healthy volunteers and volunteers
with coronary artery disease alike. It is noteworthy
that these positive effects in endothelial dysfunction
and inflammation were not seen with nitroglycerin
application®. While these results seem promising,
other studies have found negative effects that
caffeine may have on endothelial function, such as a
study conducted by Papamichael et a/*¥ they found
that after ingestion of 80 mg of caffeine by healthy
individuals, flow-mediated dilation was decreased in
these individuals, most acutely in the first hour after
ingestion. These results may not come as a surprise,
as caffeine has been known to promote endothelial
dysfunction through sympathetic activation™?.

A large prospective study followed 130054 members
of a healthcare plan in Northern California gathering
subjects from 1978 to 1985 and following them until 2008
to note the amount of coffee consumed by each individual
and whether that added a risk for hospitalization for
arrhythmias or any other cardiomyopathy. Results showed
a strong inverse relationship of coffee consumption
to risk of hospitalization for arrhythmia. The inverse
relationship was consistent in men, women, whites,
blacks, and persons younger or older than 60 years
old at baseline®". This result shows that participants
who consumed more cups of coffee generally were
significantly less likely to develop cardiac arrhythmias.
This shows the reverse of the idea traditionally held of
increased caffeine consumption leading to more cardiac
arrhythmias. Additionally, a comprehensive literature
review dealing with the effects of habitual caffeine
consumption on the cardiovascular system found that
moderate consumption resulted in beneficial to neutral
effects®’.

There is evidence, however, that point to caffeine’
s possible adverse effects especially when consumed
at high doses. Toxic doses may affect conductance
and refractoriness on the heart, which results in the
development of various arrhythmias®®®. Symptoms of
caffeine overdose also include palpitation, hypertension,
irritability, insomnia, tremors, and seizures. In
addition, the hypertensive effects of caffeine should
not be overlooked as they may lead to hazardous
cardiovascular events. The HARVEST study found
that when after adjusting for possible confounding
variables, cardiovascular events were more common
among coffee drinkers than non-coffee drinkers. The
authors suggested that hypertensive patients should be

discouraged from drinking coffee™®.
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Table 1 Caffeine concentration in common drinks

Caffeinated beverage

Amount of caffeine/drink, mg

5-h energy™ bottle

Arizona Iced Black Tea (160z)

Bang Energy (160z)

Caffeine Powder (1/16 Tsp.)

Coca Cola, Coke Zero, Diet Pepsi (120z)

Dannon Coffee Yogurt (60z)

Dunkin Donuts™ Medium Brewed Coffee (140z)
Dunkin Donuts™ Medium Latte (140z)

FDA official limit for cola and pepper soft drinks(120z)
Herbal Tea (80z)

Lipton Decaffeinated Black Tea (80z)

Maxwell House Decaf Ground Coffee (2 Tbs. makes 120z)
Maxwell House Light Ground Coffee (2 Tbs. makes 120z)
Monster Energy™ (160z)

Mountain Dew (120z)

Pepsi (120z)

Red Bull™ (8.40z)

Rockstar™ (160z)

Snapple Lemon Tea (16 oz)

Starbucks Grande Chai Latte (160z)

Starbucks Hot Chocolate (160z)

Starbucks Refreshers Can (120z)

Starbucks™ Grande Caffe Americano (160z)
Starbucks™ Grande Caffe Mocha (160z)

Starbucks™ Grande Coffee Frapuccino (160z)
Starbucks™ Grande Ice coffee (160z)

215
30
357
200
34
30
178
97
71
0
b
2-10
50-100
160
54
38
80
160
37
95
25
50
225
175
95
165

There is a widespread belief that caffeine may be
arrhythmogenic in those who regularly consume it.
However, a large-scale Danish study did not find a
higher risk for atrial fibrillation/flutter with different
amounts of caffeine consumed®™. In addition, the
stimulant effects of caffeine seems to vary amongst
individuals, in fact, the degree of tolerance and
dependence to it is likely heritable and may be linked
to polymorphisms™®.

Two comprehensive meta-analyses both determined
that caffeine is unlikely to promote cardiovascular
disease. In fact, the opposite may be true. The first
review, conducted by Cheng et a®*” found an inverse
relation was found between habitual caffeine intake
and risk of atrial fibrillation. For every 300 mg per
day increment in habitual caffeine intake, incidence
of AF was found to drop by 6%. One explanation for
these results is caffeine’s association with lower risks
of obesity, and metabolic disease. Thus, adverse
cardiovascular effects of caffeine seem to represent
itself with a J-shaped curve, with higher doses
increasing the risks of heart disease, and normal doses
proving to be beneficial*”.

The discrepancies in these studies can be difficult
to reconcile although some of the variation in results
may be attributed to differences in study design,
varied caffeine dosages administered, and different
study cohorts. Most studies do an inclusion criteria
exercise for their cohorts. However, many did not
take into account the regular coffee consumption
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of volunteers prior to the study. This is important
because coffee metabolism is extremely variable in
humans; thus, the effects of caffeine are not uniform.
The half-life is 4.9 h, however absorption rates are
largely based on the individual’s genes, age, sex,
liver health, and drug uptake, such as use of oral
contraception, antidepressants, and antiarrhythmics,
as well as their tolerance to the stimulant™*. Caffeine
is primarily metabolized through the liver’s cytochrome
P450 1A2 (CYP1A2) enzyme and defects in such an
enzyme have been implicated in the population’s
variation in metabolism and half-life. Hence, genetic
polymorphisms in the CYP1A2 pathway may explain
some of the inconsistencies in studies of coffee and its
effects on health™?,

To examine the caffeine amounts, Table 1 shows
the caffeine concentrations of some popular drinks at
Starbucks™ and Dunkin Donuts™ along with some of
the most popular caffeine containing drinks™. Note that
all EDs or energy shots surpass the FDA official soft drink
concentration limit of 71 mg per twelve-ounce drink,
sometimes by over triple the amount. According to the
Mayo Clinic and the US food and Drug Administration
up to 400 mg of caffeine a day appears to be safe for
most healthy adults***!, One study that supports this
quantity mentions that maximum safe caffeine intake for
pregnant women, children, and those taking medications
is still undetermined™*®', Unfortunately, proper labeling
has also been an issue, with companies reportedly
falsely labeling caffeine content on their products, and
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misguiding consumers’,

OTHER ACTIVE INGREDIENTS IN ENERGY
DRINKS AND THEIR ADDED EFFECTS

Taurine

Taurine is a derivative of the amino acid cysteine,
and is found in high quantities in heart and skeletal
muscle!®, It is added in a large number of energy
drinks such as 5-h energy™ and Red Bull™,
Although taurine is considered an essential nutrient
for humans, clinical studies evaluating the effects of
taurine are limited. Taurine has been shown to be
beneficial in improving the lipid profile by increasing
the transcription of CYP7A1, an important enzyme
in bile conjugation™*”, as well increasing the liver’s
LDL uptake and up-regulation of LDL receptors®®. Its
supplementation has also been linked with a decrease
in blood pressure possibly through the attenuation
of angiotensin II, which causes vasoconstriction™"
or by “enhancing” the kinin-kallikrein system, which
normally causes vasodilation®”. An ethnic Chinese
study found an inverse correlation between twenty-
four hour taurine excretion and diastolic blood pressure
in Han (the major Chinese ethnic group) individuals
and a decrease in both systolic and diastolic BPs in
Tibetan subjects when consumed™. Similarly, there
was a significant decrease in systolic and diastolic BPs
in 19 borderline hypertensive subjects®™.

In addition, taurine deficiency was found to be
associated with a decrease in the sensitivity of the
cardiac muscle to Ca**, and, hence, a decreased
inotropic capability of the organ®®. This may be the
reason for the supplements alleged boost in physical
performance through an improved blood supply to
the rest of the organs, specifically the musculoskeletal
system. Interestingly, concentration of taurine have
been found to be higher in the left ventricular muscle
of hearts of patients who died of chronic congestive
heart failure than that of patients who died of other
causes and had no cardiac pathology”®®. The study
hints that taurine may, in fact, have an inotropic effect
which may shed some light on the cardiovascular
adverse effects of energy drinks.

Certain studies have compared the effects of
energy drinks containing just caffeine, and those
containing caffeine and taurine. One study randomized
nine volunteers to receive either an ED containing 80
mg of caffeine and 1000 mg of taurine or a control
that contained 80 mg of caffeine solution in water.
They were asked to consume their respective drink
every 3-4 h for a single day. Mean 24-h systolic
blood pressure, diastolic blood pressure, and mean
arterial pressure recordings were significantly higher
in the ED group than in the control (123.2 mmHg
vs 117.4 mmHg, 73.6 mmHg vs 68.2 mmHg, 90.1
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mmHg vs 84.8 mmHg, respectively)®®. Another study
asked 13 athletes to ingest either Red Bull, a similar
caffeinated drink without taurine, or a placebo prior to
performance of exhaustive endurance exercises. ECGs
performed before ingestion, before exercise, after
ingestion, during the recovery period showed that
the only significant increase in stroke volume during
the recovery period was the group that consumed
taurine containing Red Bull. This study suggests that
taurine and caffeine may interact together to increase
cardiac contractility™. A third study explored the peak
systolic strain in 32 healthy individuals at baseline,
and one hour after consumption of an ED containing
caffeine and taurine, or just caffeine. While the drink
with caffeine did not seem to have any significant
cardiovascular effects shown by magnetic resonance
imagine, those that ingested the combination of
caffeine and taurine had a significant increase in peak
systolic strain®®,

Schaffer et af*® conducted a comprehensive literature
review regarding the interaction between taurine and
caffeine and in agreement with the European Union’
s Scientific Committee on Food, they concluded that
taurine should neutralize several untoward effects
of caffeine excess. They noted that the physiological
functions of taurine appear to be inconsistent with the
adverse cardiovascular symptoms associated with
excessive consumption of beverages containing caffeine
and taurine.

B vitamins

Referred to as vitamin B complex, the eight B
vitamins, thiamine (B1), riboflavin (B2), niacin (B3),
pantothenic acid (B5), pyridoxine hydrochloride (B6),
biotin (B7), inositol (B8), and cyanocobalamin (B12),
act as coenzymes for proper cell function, especially
mitochondrial function and energy production. Thus,
some believe that B vitamins may increase energy
expenditure®. One study has shown lower fat mass in
men who regularly consumed multivitamins®!, Energy
drinks often contain a large quantity of B-group vitamins,
often at larger doses than the recommended daily intake
for healthy individuals.

Studies have shown that high dietary intakes of
folate and vitamin B6 has been linked with reduced
risk of mortality from stroke, coronary heart disease,
and heart failure®™, B vitamins have also been shown
to reduce levels of the amino acid homocysteine
whose elevation have been linked to numerous
comorbidities including pregnancy complications,
cognitive impairment and mental disorders, as well as
cardiovascular risks >,

A meta-analysis established that while B vitamin
supplementation the B vitamin reduced homocysteine
levels and has a significant protective effect on stroke,
no benefit was found to reduce cardiovascular disease,
myocardial infarction, coronary artery disease,
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cardiovascular death, or all-cause mortality™®.

Guarana

Paullinia cupana, also known as guarana, is a South
American plant that has been mentioned as early as
1872 for the treatment of “Sick-Headache"™®”), The
Amazonians have used the seeds of its fruit to increase
awareness and energy™®. Guarana’s stimulant effect
is due to its similar chemical composition to that of
caffeine. There is 2%-4.5% caffeine in the guarana
seeds, compared to 1%-2% in the coffee bean™.
The effect of guarana is not yet known. Whether it is
of additive or synergistic effect when combined with
caffeine is not clear. Guarana in a 16 ounce energy
drink ranges from 1.4 mg to as much as 300 mg. The
FDA generally recognizes guarana as safe, although
there are no established dosages and it is unclear
how much guarana is in each drink because many
companies do not list a milligram amount. Therefore,
it should be assumed that the amount of caffeine in
the products is, in reality, larger than the amount of
caffeine noted especially when guarana is present. It is
not surprising that young adults have been admitted to
emergency departments with cardiovascular adverse
effects after excessive ingestion of guarana-based
EDs!.

L-carnitine

A meta-analysis on the effect of the L-carnitine
supplement on the cardiovascular system found a 40%
reduction in angina (RR, 0.60; 95%CI, 0.50-0.72; P <
0.00001; I' = 0%). Compared with placebo or control,
L-carnitine was found to be associated with a highly
significant 65% reduction in ventricular arrhythmias
(RR = 0.35; 95%CI: 0.21-0.58, P < 0.0001, I’ =
0%)"". An increase in cardiac output after intravenous
administration of L-carnitine in hormotensive coronary
artery disease patients has also been observed?.
Another study showed that L-carnitine supplementation
increased the left ventricular ejection fraction in studied
individuals. The mean percent of increase of ejection
fraction in the L-carnitine group was 12.5% =+ 8.3%
(P < 0.01), while the control group had an increase
of ejection fraction of 6.1% % 4.3% (P < 0.01)". In
addition, the supplementation of L-carnitine has been
shown to decrease left ventricular remodeling in post-
myocardial infarction patients”*. However, Koeth et
al”® recently found a possible link of L-carnitine in
red meat with cardiovascular disease through the
development of atherosclerosis. This effect may simply
be due to the long acknowledged negative effect of
red meat on the cardiovascular system instead of
L-carnitine itself.

L-carnitine is a naturally occurring amino acid
made predominantly by the liver and kidneys. It is
involved in B-oxidation of fatty acids and is thus linked
to changes in metabolism and energy levels. It is
commonly added to energy drinks to help promote
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muscle function and physical performance. It is found
in energy drinks such as Monster™ and Rockstar™
energy drinks.

L-carnitine’s popularity in EDs is due to its possible
ability to burn more fat and increase endurance during
exercise, however, those claims remain elusive. Some
data has indicated that L-carnitine plays an important
role in the prevention of cellular damage and positively
affects recovery from exercise stress. Uptake of
L-carnitine by blood cells has been implicated in
stimulation of hematopoiesis, a dose-dependent
inhibition of collagen-induced platelet aggregation;
and the prevention of programmed cell death in
immune cells. Carnitine was recently shown to have
direct effects in the regulation of gene expression and
is potentially involved in modulating intracellular fatty
acid concentration. Hence, there is evidence for a
positive effect of L-carnitine supplementation. It may
be especially beneficial in training and recovery from
strenuous exercise”®. In high doses, L-carnitine has
been shown to have a side effect of nausea, vomiting,
abdominal pain, and diarrhea; in addition, it has been
associated with seizures in patients with no known
disease and to increase seizure frequency in patients
with seizure disorder”. However, as with ginseng, the
amount of L-carnitine in energy drinks is likely not high
enough to be of concern.

Ginseng

This East Asian herb is one of the most popular
herbal supplements in the world and has also been
a popular additive in EDs. The claims about ginseng
range far and wide-reducing stress, curing diabetes,
insomnia, erectile dysfunction, improving memory, and
increasing stamina are all purported benefits of the
herb. However, very few claims are rooted in scientific
research. A recent review concluded that evidence
of enhanced physical performance after ginseng
administration in well-designed investigations remains
to be demonstrated”’”’.

In 2013, one Mayo Clinic study did show that
after eight weeks of taking 2000 milligrams of pure
American ginseng root in a capsule, patients undergoing
cancer treatment found a sudden jump in the general
energy levels reported by the group on ginseng when
compared to the placebo control group™®.

Interestingly, several studies in rats have results
suggesting that oral administration of ginseng root may
increase insulin sensitivity and help with weight loss.
Researchers at the University of Chicago administered
daily intraperitoneal injections of Panax ginseng berry
extract to rats and on day 12, extract-treated ob/ob
mice became normoglycemic and were found to have
significantly improved glucose tolerance. A more
than twofold increase in the rate of insulin-stimulated
glucose disposal in treated ob/ob mice was noted in
hyperinsulinemic-euglycemic clamp study. The mice
also lost a significant amount of weight which was
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believed to be associated with the reduced food intake
and the increase in body temperature and energy
expenditure. Other studies revealed that ginsenoside
Re plays a significant role in antihyperglycemic action.
Interestingly, this antidiabetic effect of ginsenoside
Re was not associated with body weight changes,
suggesting that other components in the extract
have distinct pharmacological mechanisms on energy
metabolism. Additionally, plasma cholesterol levels
were notably reduced following the treatment with the
extract”?.

Excessive amounts of ginseng ingestion may
cause diarrhea, vaginal bleeding, headache, vertigo,
mania, hypertension, rashes, insomnia, irritability,
Stevens-Johnson syndrome, and agranulocytosis.
However, some of these symptoms may be related to
contaminants, such as phenylbutazone and aminopyrine
that are used in its production™. However, the amounts
of ginseng found in EDs are thought to be less than the
amount needed to deliver the suggested therapeutic
benefits or cause adverse events™”,

Glucuronolactone
Glucuronolactone is a glucose derivative, metabolized in
the liver. In the sixties, the Japanese were particularly
interested in its performance enhancing properties.
They conducted one published study by injecting
glucuronolactone, glucose, glycogen, and some
other substances directly into the gut of lab rats,
and recording the rats’ ability to swim 30 min post
injection. They repeated the procedure three times.
In two of the three trials, the animals injected with
glucuronolactone were able to swim longer than those
injected with the other substances. The study also
noted that the human equivalent of the dose would be
between 1 and 2 g of glucuronolactone compared to
the 600 mg found in a can of Red Bull®". These results
may be due to glucuronolactone detoxification effects
as supplementation with glucuronolactone may favor
the body’s natural defense mechanism for eliminating
carcinogens and tumor promoters and their effects®,
Glucuronolactone has shown to act as an anti-
platelet aggregative compound®!, however, this
outcome has not been proven to be effective when
mixed in energy drinks, as after consumption an
overall increase in platelet aggregation appears without
any apparent effect of platelet anti-aggregation of
the glucuronolactone™®. There has been minimal
suggested significant contribution towards energy by
glucuronolactone on humans in the scientific literature
and, therefore, no definitive conclusion can be made of
its safety™*.

OVERALL ASSESSMENT

The increasing number of energy drink and caffeine-
related overdoses clearly shows that there seems
to be a real risk for adverse health effects such as
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arrhythmias. However, under moderate use and
without combining other stimulants or alcohol, the lack
of a similar number of case reports makes the risk
for such side effects seem negligible. It is noteworthy
that a large number of serious health risks resulted
were due to overconsumption of the products or their
ingestion in a short period of time. Therefore, it may
well be important for energy drink companies to place
warnings on their products to avoid such habits.

The exact amounts and concentrations that are
ideal in order to minimize the health risks are largely
unknown. Patients with underlying illnesses such as
hepatic failure or cardiomyopathy should likely avoid
such products or, at least, be cautious by consuming
small amounts. In addition, since there seems to be
variation amongst individuals in the enzymatic activity
of CYP1A2 and since testing for such enzymatic activity
is not routinely performed, it is of great importance for
each consumer to cease consuming the energy drinks
if symptoms of an overdose develop. Producers should
place a warning that includes such symptoms.

As for the constituents of the energy drinks
themselves, the concentrations of caffeine seem to be
comparable or even lower than many popular coffee
drinks making the amount of caffeine itself an unlikely
reason to not consume the products. In fact, medical
research has shown that moderate consumption
of caffeine is strongly related to a reduced risk of
arrhythmias.

As for taurine and L-carnitine, the medical literature
shows an overall positive health effect especially for
the cardiovascular system, hence, making it unlikely
that they can cause harm to that same system. In
fact, it may be reasonable to consider those two
compounds for future supplementation to those at risk
for hyperlipidemia, hypertension, and cardiomyopathy.
Guarana, on the other hand, may have a synergistic
caffeine-like effect added to the caffeine already in
these products and more information is needed on
their combined effect.

CONCLUSION

The last decade has seen an exponential increase in
the number of energy drink products as well as the
number of reported cases of arrhythmias and other
health hazards caused by their consumption. Our
review has found that the vast majority of the cases
were due to excessive consumption of the drinks
in a short period of time or when co-ingested with
other stimulants such as alcohol and indicates that
such drinks may be relatively safe when consumed
moderately and separately. Additionally, the research
covering the components of the beverages, such
as caffeine, taurine, L-carnitine, glucuronolactone,
ginseng, and guarana, seems to have a neutral to
positive health effect unlike previously thought.
However, it may be important for energy drink
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producers to place warning labels of symptoms
associated with an overdose in order to promote their
recognition. Until the FDA sanctions these energy drink
products, it is strongly encouraged that individuals
research energy drink consumption and consult their
physician in order to ensure safe consumption. Also,
those with underlying cardiovascular disease should be
careful by limiting the amount consumed or avoiding
altogether, as they may be at increased risk for
arrhythmias or other cardiovascular events.

With the exception of the effects of caffeine, the
ingredients in energy drinks have not been thoroughly
studied to confirm the cardiovascular safety or
the proclaimed energy-boosting benefits. There is
an overwhelming lack of evidence to substantiate
claims that components of EDs, contribute to the
enhancement of physical or cognitive performance.
Additional well-designed, randomized, placebo-
controlled studies are needed in order to assess claims
made for these products and further elucidate potential

adverse effects.
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Absitract

AIM

To compare post-percutaneous coronary intervention
(PCI) radial artery occlusion (RAO) incidence between
two conventional radial artery compression devices
using a novel air-inflation technique.

METHODS

One hundred consecutive patients post-PCI were
randomized 1:1 to Safeguard or TR band compression
devices. Post-radial sheath removal, each compression
device was inflated with additional 2 mL of air above
index bleeding point during air-filled device application
and gradually down-titrated accordingly. RAO was
defined as absence of Doppler flow signal performed at
24 h and at 6 wk post-PCI. Patients with missing data
were excluded. Statistical significance was defined as P
< 0.05.
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RESULTS

All patients had 6F radial sheath inserted. No significant
differences were observed between Safeguard Radial
(n = 42) vs TR band (7 = 42) in terms of age (63
+ 11 years vs 67 £ 11 years), clinical presentation
(electives, n = 18 vs n = 16; acute coronary syndrome,
n =24 vs n = 26) and total procedural heparin (7778
+ 2704 IU vs 7825 £ 2450 IU). RAO incidence was not
significantly different between groups at 24 h (2% vs
0%, P = 0.32) and 6 wk (0%, both).

CONCLUSION

Safeguard Radial and TR band did not demonstrate
significant between-group differences in short-term
RAO incidence. Lack of evidence of RAO in all post-
PCI patients at 6 wk follow-up, regardless of radial
compression device indicate advantage of using the
novel and pragmatic air-inflation technique. Further
work is required to more accurately confirm these
findings.

Key words: Radial artery; Arterial occlusive disease;
Cardiac catheterization

© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Radial artery occlusion (RAQ) is a rare but
significant complication post-transradial percutaneous
coronary intervention (PCI). We found that post-PCI
Doppler flow signal-detected RAO incidence was not
significantly different between Safeguard Radial and TR
band compression devices. However, with the use of a
novel air-inflation technique, we observed significantly
lower incidence of RAO in all patients regardless radial
compression device, in the short-term compared to
current literature. Therefore, this novel air-inflation
technique may offer a pragmatic and effective solution
in reducing RAO incidence.

Voon V, Ayyaz Ul Haq M, Cahill C, Mannix K, Ahern C,
Hennessy T, Arnous S, Kiernan T. Randomized study comparing
incidence of radial artery occlusion post-percutaneous coronary
intervention between two conventional compression devices
using a novel air-inflation technique. World J Cardiol 2017;
9(11): 807-812 Available from: URL: http://www.wjgnet.
com/1949-8462/full/v9/i11/807.htm DOI: http://dx.doi.
org/10.4330/wjc.v9.111.807

INTRODUCTION

Radial artery occlusion (RAO) is an increasingly
recognized and significant vascular complication
among those observed post-hemostatic compression
device application for transradial percutaneous
coronary intervention (PCI), the recommended access
route in current guidelines™. As a consequence
of RAO, ipsilateral limb transradial access may be
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rendered unusable for future procedures. This may
be particularly crucial in post-PCI patients, a cohort at
higher risk of requiring further coronary angiography,
conduit for coronary artery bypass surgery or
arterio-venous fistula formation for hemodialysis.
Furthermore, ipsilateral ulnar artery access may
be unusable due to ischemic limb risk on arterial
cannulation.

Several studies have reported rates of RAO from
1%-30%""°1. These figures reflect the complex
pathophysiology involved in RAO, particularly impaired
vascular remodeling and thrombo-inflammatory
alterations post-arterial injury. In addition, reports
to date have been confounded by multiple external
factors. These factors include heterogeneity of study
designs, targeted patient populations, parameters for
assessing RAO, anticoagulation as well as compression
devices and techniques?..

While several compression bands and techniques
tested have demonstrated a modest reduction in RAO,
a more pragmatic and effective approach remains to
be defined™". Therefore, we aimed to prospectively
compare incidence of RAO between two conventional
hemostatic compression devices (Safeguard Radial
and TR band) using a pragmatic and novel air-inflation
technique, in patients post-transradial PCI.

MATERIALS AND METHODS

Ethics approval was obtained from University
Hospital Limerick Ethics committee for our study,
which conformed to the principles of the Helsinski
Declaration. A total of 107 consecutive patients who
had undergone transradial percutaneous coronary
intervention at University Hospital Limerick, were
screened and eligible patients were recruited into the
study. Patients gave written informed consent prior
to PCI and were prospectively randomized to either
Safeguard Radial or TR band compression device
via a pre-specified 1:1 automated randomization.
Exclusion criteria were patients less than 18 years
old, pregnancy, inability to consent, inability to
attend follow-up clinic and difficult radial access
requiring femoral access. Patient demographics and
angiographic profiles were collected. All patients
received dual anti-platelet therapy prior to PCI. Radial
artery procedural preparation and management as
well as RAO assessment are described below.

Radial artery cannulation

After sterile preparation, 1% lidocaine was injected at
puncture site. The radial artery was punctured at the
anterior wall with a 21-gauge arterial needle through
which a 0.018-inch straight floppy tip guidewire (40-cm
length) was advanced upon appearance of pulsatile
flow. Following this, the needle was withdrawn and
a hydrophilic 6F introducer sheath (11-cm length)
with dilator length of 16 cm (Prelude, Merit Medical
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Figure 1 TR band compression device.

Systems) was inserted over the guidewire into the
radial artery. Subsequently, the wire and dilator
were removed. According to operator preference, a
“radial cocktail” consisting of intra-arterial 100-200
mcg nitroglycerin, 250 mcg verapamil and heparin
2000-4000 IU, was given. All patients had total
procedural heparin 70-100 IU/kg given as part of the
PCI procedure.

Radial sheath removal and hemostatic compression
technique

Patients were randomized to either TR band (Terumo
Interventional Systems) or Safeguard Radial (Merit
Medical) hemostatic compression device groups
(Figures 1 and 2). Immediately post-PCI, the radial
sheaths were pulled out 4-5 cm and chosen hemostatic
compression device band was placed around wrist, with
the transparent bladder immediately over the puncture
site. We utilized a novel and pragmatic air-inflation
technique that involved initial syringe-guided inflation
of 2-5 mL of air into device transparent bladder via a
cuff-valve system, with careful simultaneous removal
of sheath. Continued inflation up to 5-10 mL of air
was done to stop bleeding after complete removal of
sheath. This was followed by immediate release of air,
using similar syringe until bleeding/oozing point, at
which an additional 2 mL of air was inflated into device
bladder. This is contrary to current non-personalized
air-inflation techniques utilizing standard 15 mL and
7 mL of air in TR band and Safeguard respectively, as
per manufacturer’s instructions. Subsequent gradual
down-titration of air (1 mL of air removed every 30
min) was performed by nursing staff until completion
of hemostasis.

Activated clotting time measurement
Activated clotting time (ACT) is the routine method
of choice for monitoring heparin therapy during
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PCI. At the end of PCI, for all patients, 5 mL of fresh
arterial blood sample was obtained in a 5 mL syringe
after initially discarding 10 mL of blood from radial
sheath prior to sheath removal. The fresh blood was
immediately measured for ACT, by using a disposable
single-use point-of-care assay. The assay consists of
a cuvette containing manufacturer reagents and is
measured by the accompanying battery-operated,
hand-held device Hemochron Jr Signature + Whole
Blood Microcoagulation System (International
Technidyne) as per manufacturer’s instructions.

RAO assessment

The handheld ultrasonic Doppler signal flow detector
2 MHz (FD1, Huntleigh, Sonicaid) probe was applied
above the puncture site of radial artery of resting and
extended forearm. RAO was defined as absence of
Doppler signal flow. This was performed at 24 h and
6 wk post-PCI by operators blinded to randomization
process.

Outcome measures

Primary endpoint was RAO at 24 h post-procedure and
6 wk follow-up. Secondary endpoints were bleeding
requiring transfusion/surgical intervention, hematoma
and pain/numbness at radial access site.

Statistical analysis

As a pilot study evaluating this technique, exploratory
analyses was performed. Continuous normal data were
expressed as mean £ SD. Continuous non-normal and
categorical variables were expressed as mean (25",
75" percentile) or frequencies (and percentages).
Accordingly, between-group comparisons were
compared using unpaired t-testing, Mann-Whitney
rank sum test or Pearson chi-square tests. All patients
with missing data were excluded from analyses. All
analyses were performed using SPSS version 18
statistical software (SPSS Inc, Chicago, IL, United
states). P < 0.05 was considered significant (two-tailed
significance).

RESULTS

Baseline demographics of patient cohort are presented
in Table 1. A total 84 patients were included for
analyses after excluding patients who were not eligible
(n = 5)/refused (n = 2), had missing data (n = 16).
No significant differences were observed between-
groups in terms of demographics or procedural profiles
(Table 2). Approximately 60% of patients presented
with an acute coronary syndrome. All patients had 6F
radial sheaths inserted. Despite no significant between-
group differences in post-procedural outcomes
measures, both Safeguard Radial and TR band groups
demonstrated very low incidence of RAO at 24 h (2%
vs 0%) and 6 wk (0%, both) (Table 3). No significant
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SAFEGUARD

COMPRESSION DEVICE

Figure 2 Safeguard Radial compression device.

DIAL

Table 1 Clinical and angiographic profiles of Safeguard Radial vs TR band groups at baseline-total patient cohort

Variables Safeguard radial, TR band, P value
n =42 n =42

Age, years 63.8+10.9 66.8 £10.8 0.21
Gender, male/female ratio 31/11 37/5 0.16
BMI, kg/m” 29.2+£39 29.0+5.7 0.88
Diabetes 4 (10%) 8 (19%) 0.22
CKD 1(2%) 2 (5%) 0.56
PAD 0% 1(2%) 0.32
Indication

Elective 18 16 0.88
UA 6 8 0.9
NSTEMI 13 8 0.7
STEMI 5 10 0.6

BMI: Body mass index; CKD: Chronic kidney disease; PAD: Peripheral arterial disease; UA: Unstable angina; NSTEMI: Non-ST elevation myocardial

infarction; STEMI: ST-elevation myocardial infarction.

differences in secondary outcome measures were
observed.

DISCUSSION

This study has demonstrated no significant difference
in incidence of short-term RAO between Safeguard
and TR band devices. However, we have for the
first time demonstrated significantly lower incidence
of RAO at 24 h and at 6 wk post-PCI compared to
current literature, regardless of type of conventional
hemostatic compression device using the novel air-
inflation technique. Among the few studies that have
reported short-term RAO, some have observed RAO
incidence as high as 9.2% at discharge'®. Pancholy
and colleagues reported RAO incidence of 4.4% at 24
h and 3.2% at 30 d using TR band in a cohort using 5F
radial sheaths'®.. Dai et a'"! demonstrated that in post-
transradial PCI patients, incidence of RAO was at least
11% at 24 h and 10% at 30 d. The study showed that
air titration based compression strategy using TR band
was superior to non-air titration strategies. However, the
study utilized a non-specific, non-personalized method
using manufacturer’s instructions.

In our experience, additional 2 mL of air above point
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of bleeding/oozing provides personalized and adequate
temporary patent hemostasis without the need of
conventional methods to monitor radial patency. This
has been shown despite different surface area of
compression bladder of both devices. This magnitude
of air may provide sufficient compression on muscle,
adipose tissue and artery although impact of higher
magnitudes of air remains to be determined. This
technique requires confirmation in future studies.

To further support this technique, our study involved
a cohort presenting predominantly with acute coronary
syndrome, a more prothrombotic state, compared
to previous studies. Only 29.7% of transradial PCI-
treated patients presented with acute coronary
syndrome in a study by Rathore and colleagues™.
The study demonstrated a higher incidence of RAO
as aforementioned with manufacturer’s technique of
compression device air inflation. However, several
techniques to measure RAO were used and only 50%
of patients had hydrophilic radial sheaths compared
to our study. Some may argue that lack of sheath
hydrophilicity may account for such results.

Furthermore, sheath size has also been a regarded
as a contributing factor to RAO. Larger diameter
sheaths have been reported to have increase RAO
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Table 2 Procedural profiles of Safeguard Radial vs TR band groups

Variables Safeguard radial, n = 42 TR band, n = 42 P value
Pre-procedure

IR verapamil, % (86%) (83%) 0.77
IR nitroglycerine, % (31%) (45%) 0.18
Procedural

Heparin, IU 7778 £ 2704 7825 + 2450 0.94

Number of target vessels treated with PCI
1

2 39 39 1
23 3 3 1
0 0 1
Target vessels
LM 1 0 0.98
LAD/Diagonal 19 22 0.87
LCx/OM 7 7 0.96
RCA 18 12 0.64
M 0 2 0.77
VG 0 2 0.77
Fluoroscopy times, min 153 +£84 150+ 6.9 0.88
Post-procedure
GP2B3A inhibitor, % 1(2%) 0% 0.32
ACT (s) 197 £38 197 £47 0.97

IR: Intra-radial; LM: Left main artery; LAD: Left anterior descending artery; LCx: Left circumflex artery; OM: Obtuse marginal artery; RCA: Right coronary
artery; IM: Intermediate artery; VG: Vein graft; GP2B3A: Glycoprotein 2B 3A receptor; ACT: Activated clotting time.

Table 3 Post-procedural outcomes in Safeguard Radial vs TR band groups

Variables Safeguard radial, n = 42 TR band, n = 42 P value

Bleeding requiring blood transfusion/surgical intervention 0% 0% 1

Hematoma 7% 0% 0.07

Pain/numbness 2% 0% 0.32

Radial artery occlusion at 24 h 2% 0% 0.32

Radial artery occlusion at 6 wk 0% 0% 1
incidence™ ¥, This effect was not observed in our Several limitations were observed during the

study which used 6F sheaths in all patients who study. Firstly, we observed a high prevalence of
required PCI. Despite that, further studies involving missing data due to procedures performed out-of
improved imaging modalities are required to more hours. However, both groups were well matched in
accurately characterize vessel to sheath ratio. This baseline demographics to negate group bias effects.
is because the higher prothrombotic effects due to Second, as with all exploratory studies, type 1 error
possible oversized sheaths may be offset by heparin may contribute to the results. Despite our study
therapy that all patients received in our study. demonstrating consistent results at discharge and

Heparin itself has been shown to reduce incidence follow-up, this requires further confirmation. Third,
of RAO. The lack of procedural heparin is an Allen’s test was not routinely performed pre-PCI.
independent predictor of RAO™.. Rathore and colleagues However, conventional methods of assessment via
demonstrated RAO incidence of 24.1% at 4-6 mo follow- plethysmography and oximetry have not yielded
up in those without heparin administration. The study consistent results due to influence of collaterals from
showed that in 92% of patients who had transradial PCI palmar arches and recanalization®®*®. Lastly, a known
with 6F sheaths, RAO incidence was 8.9% at discharge confounding factor that was not measured but critical
and 5.6% at follow-up in the TR band group, which for vascular management, was increased vigilance
demonstrated lesser RAO between compression devices using our personalized air-inflation strategy to reduce
compared. Lefvre et al™ reported 30% RAO with RAO.

1000 IU of heparin. This requires further confirmation, In conclusion, Safeguard Radial and TR band did
particularly at different comparator doses. However, not demonstrate significant between-group differences
the results of our study again emphasize the impact in short-term RAO incidence. Lack of evidence of RAO
of the novel air-inflation technique in reducing RAO in all post-PCI patients at 6 wk follow-up, regardless
beyond conventional anticoagulation. of radial compression device indicate advantage of
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using the novel and pragmatic air-inflation technique.
Further work is required to more accurately confirm
these findings.

COMMENTS

Background
Radial artery occlusion is a rare but significant complication post-transradial
percutaneous coronary intervention, which is increasing in its use, globally.
Therefore, better radial artery compression techniques are required to reduce
such complication.

Research frontiers

Conventional radial artery compression devices by varying air-inflation
techniques have shown different results in reducing the incidence of radial
artery occlusion post-percutaneous coronary intervention. These suggest that
novel air-inflation techniques using such devices may yield better results in
reducing incidence of radial artery occlusion.

Innovations and breakthroughs

The authors have shown a much lower short-term incidence of post-
percutaneous coronary intervention radial artery occlusion, compared to
current literature, using a novel and pragmatic air-inflation technique in two
conventional radial compression devices, Safeguard Radial and TR band.

Applications

This pilot study’s methods and results of this study could be used in a larger
prospective study aiming to the impact of this novel air-inflation technique with
two conventional radial compression devices in different settings of transradial
percutaneous coronary intervention.

Terminology

Radial artery occlusion is a rare but significant complication of transradial
percutaneous coronary intervention. Novel and pragmatic radial compression
techniques are required to reduce the incidence of such complication.

Peer-review

This is an interesting manuscript about the comparison of post-percutaneous
coronary intervention radial artery occlusion incidence between two
conventional radial artery compression devices using a novel air-inflation
technique, Safeguard Radial and TR band.
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