


To my beloved wife Luisa

Someone said “Love, pleasant folly…”,
I say “Love, lunatic happiness...”

True love doesn’t know how to speak!

Administrator
Lek4r



13

Current News 
in Cardiology

Proceedings of the 
Mediterranean Cardiology Meeting
(Taormina, May 20-22, 2007)

Michele M. Gulizia (Editor)



Michele M. Gulizia, MD
Chief of Cardiology Division
“Garibaldi-Nesima” Hospital
Catania, Italy

Library of Congress Control Number: 2007927712

ISBN     13: 978-88-470-0635-5   Springer Milan Berlin Heidelberg New York 
e-ISBN 13: 978-88-470-0636-2

This work is subject to copyright. All rights are reserved, whether the whole or part of the
material is concerned, specifically the rights of translation, reprinting, reuse of illustra-
tions, recitation, broadcasting, reproduction on microfilm or in any other way, and stora-
ge in data banks. Duplication of this publication or parts thereof is permitted only under
the provisions of the Italian Copyright Law in its current version, and permission for use
must always be obtained from Springer.Violations are liable to prosecution under the
Italian Copyright Law.

Springer is a part of Springer Science+Business Media
© Springer-Verlag Italia 2007
Springer.com

The use of general descriptive names, registered names, trademarks, etc. in this publica-
tion does not imply, even in the absence of a specific statement, that such names are
exempt from the relevant protective laws and regulations and therefore free for general
use.
Product liability: The publisher cannot guarantee the accuracy of any information about
dosage and application contained in this book. In every individual case the user must
check such information by consulting the relevant literature.

Cover design: Simona Colombo, Milan, Italy
Typesetting: Graphostudio, Milan, Italy
Printing: Grafiche Porpora, Segrate, Italy

Printed in Italy
Springer-Verlag Italia S.r.l. – Via Decembrio 28 – I-20137 Milan



It is said that the true essence of the progress is the constant verification of
that which is certain.

Clinical practice is evolving at a rapid pace, nowhere more so than in the
field of cardiology.

Acute Coronary Syndromes, Sudden Cardiac Death, Heart Failure, Atrial
Fibrillation, Syncope, and Prevention of Global Cardiovascular Risk are the
main emerging pathologies, on which many investigators are focusing their
research. Less than 10 years ago, some of them were considered of relevance
only to internists, and some others as common benign arrhythmias or ineluc-
table illnesses. Today, their prevalence amongst the population represents a
major public health problem at the beginning of the third millennium.

The need for a state-of-the-art overview of the epidemiology, physiopatho-
logical and electrogenetic mechanisms, diagnosis, pharmacological or electri-
cal treatment, prognosis, patient management in and out of hospital, organisa-
tional and economical implications of these emerging pathologies, and the
great success of the previous editions, inspired us to organise the third edition
of this biannual International Meeting, to give you the “Current News in
Cardiology”.

This book contains the Proceedings of the Mediterranean Cardiology
Meeting held in Taormina, Italy, 20-22 May 2007. Like the previous volumes, it
boasts the participation of many nationally and internationally renowned
speakers in the field of clinical and interventional cardiology who will interact
actively with delegates.

The exceptional novelty of this edition is that all participants to the
Meeting will receive a password for a free pdf download of all chapters of the
book, which can, be found on the website of the Mediterranean Cardiology
Meeting (www.mcmweb.it) via SpringerLink.

The book is divided into 8 sections, 11 sub-sections, and a total of 54 chap-
ters, each devoted to a different topic: Atrial Fibrillation and Atrial Flutter;
Heart Failure; Sy ncope; Sudden Cardiac Death; Cardiac Pacing;
Electrocardiography; Acute Coronary Syndromes; Global Cardiovascular Risk
Prevention.
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It aims to provide the latest information on the most recent and modern
aspects of the above mentioned pathologies. It is intended not only for cardio-
logists, but also for those who are actively interested in the evidence-based
approach to clinical care, such as internists, emergency and critical care clini-
cians, physicians of general medicine, fellows, students, nurses, and techni-
cians. It may also be helpful for individuals engaged in the development and
coordination of research strategies in biological engineering, industry, and
regulatory affairs, who have a strong interest in the overall management of
these cardiac pathologies.

A Faculty selected from leading Italian and International experts ensures
the highest quality of this volume: the publications of many of them have con-
tributed to the scientific progress in cardiology and influenced many of our
professional considerations and decisions. I am most indebted to all these
authors, who have devoted the invaluable time and effort without which this
book would not have been completed.

I also wish to thank the staff of Springer, and in particular Donatella Rizza,
Executive Editor, who has facilitated the publication of this book since the
first edition of the Mediterranean Cardiology Meeting, and who has kindly
assisted me throughout this project together with her staff member Eleonora.
Special and deep thanks are addressed to Rita Reggiani, professional, tireless,
and wonderful Project Leader of Adria Congrex, who has helped and suppor-
ted me in achieving the best possible organisation of this International
Meeting, together with her staff members Silvana, Sara and Elisa.

I cannot forget to acknowledge the role of my two teachers, Antonio Circo
and Salvatore Mangiameli, who encouraged my passion for cardiology and
particularly for arrhythmology and clinical management.

In addition, I would like to thank my co-workers Cacia, Cardillo, Francese,
Mangiameli, Portale, Raciti, Ragusa, the chief of nursing Salpietro and the
entire staff of my Cardiology Division at the “Garibaldi-Nesima” Hospital of
Catania for their active collaboration and support during these years of work
and for the organisation of this Meeting.

Finally, a special mention goes to my dear wife Luisa, my daughters Alice
and Raffaella, and my parents Raffaele and Cettina. I am especially and deeply
grateful to them. Without their love and patience I could not have spent so
many nights and weekends preparing the Meeting and this volume.

Michele M. Gulizia
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Anti-arrhythmic Drugs in Atrial Fibrillation:
Historical Perspectives and New Developments 

BERNDT LÜDERITZ

Introduction

The treatment of atrial fibrillation (AF) remains challenging in everyday
practice. Even with the introduction of catheter ablation, decision-making
about the type of therapy has become more complex. The recently published
guidelines of the American College of Cardiology, American Heart
Association, and the European Society of Cardiology clearly show the thera-
peutic approaches for the different types of AF (Fig. 1).

Department of Medicine - Cardiology, University of Bonn, Bonn, Germany

No Heart Disease Minimal Heart Disease
LVH, Hypertens. Heart Disease

Flecainide
Propafenone

Sotalol

Amiodarone
(Dofetilide)

Catheter
ablation

Fig. 1. From guidelines to individual treatment and maintenance of sinus rhythm.
Adapted from [1]. LVH, Left ventricular hypertrophy



The fear of thromboembolism in a patient compels the physician to
restore sinus rhythm and obtain perfect anticoagulation. Factors affecting
the overall management strategy of AF are the type and severity of AF, the
corresponding symptoms, associated cardiovascular disease, patient’s age,
associated medical conditions, and treatment options.

AF is the most frequently experienced cardiac arrhythmia, affecting an
estimated 2.2 million people in the USA, and approximately 6 million in
Europe. Approximately 1.2 million patients suffer from paroxysmal AF, and
about 1 million from persistent AF. The conversion rate from paroxysmal AF
to persistent AF is estimated to be 30% [2]. The prevalence of AF increases
with age [3], ranging from less than 1% at 50–59 years to nearly 9% at 80–89
years [4]. In addition to palpitations, patients with AF have an increased risk
of stroke and can develop decreased exercise tolerance and left ventricular
dysfunction [5]. All of these problems may be reversed by the restoration
and maintenance of sinus rhythm. Thus, the treatment of AF is warranted in
the hope of eliminating symptoms, preventing complications, and possibly
decreasing the excess mortality associated with this arrhythmia [6]. The pri-
mary intervention for maintaining sinus rhythm after restoration is use of
anti-arrhythmic drugs (Tables 1, 2).

However, many of the existing drugs have only limited efficacy and are
associated with considerable undesirable adverse effects. Current treatment
is therefore still suboptimal [7].

The features of an ideal anti-arrhythmic drug for the treatment of AF are:
namely effective suppression of symptoms, low incidence of pro-arrhythmia,
low incidence of side effects and drug interactions, good cardiac safety, effec-
tive rhythm control, ease to use, simple dosing regimen, ability to initiate in
an outpatient setting, and cost-effectiveness.

4 Berndt Lüderitz

Table 1. Introduction of antiarrhythmic drugs: chronological overview

1918 Quinidine 1964 Propafenone

1936 Procainamide 1982 Flecainide

1948 Lidocaine 1982 Amiodarone

1950 Phenytoin 1994 Adenosine

1954 Disopyramide 1995 Ibutilide

1958 Ajmaline 1999 Dofetilide

1962 Beta receptor
blocking agents



Concerning pharmacological rate control, we recommend digitalis as the
first choice in patients with congestive heart failure; amiodarone can also be
considered. Beta-receptor blocking agents, e.g., Sotalol, provide first-line
treatment in ischemic heart disease. Class 1c drugs (propafenone, flecainide)
are very effective for rate control; however, they are contraindicated in
patients with structural heart disease. Calcium channel antagonists (vera-
pamil, diltiazem) are first-line drugs in active patients and also in those with
congestive heart disease or lung disease. Amiodarone is the drug of choice in
patients with compromised left ventricular function. The pharmaceutical
management strategy or decision tree in paroxysmal AF (PAF) is shown in
Fig 2. If there is a first episode, observation is appropriate. If frequent
episodes of PAF are observed, asymptomatic PAF requires rate control. In
symptomatic PAF and structural heart disease, amiodarone is drug of first
choice. In those patients without structural heart disease, 1c anti-arrhythmic
drugs, such as propafenone or flecainide, are particularly suitable.
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Table 2. New class III antiarrhythmic drugs

Drug Effect b-Blockade Application Indication

Ibutilide Blocks IKr - i.v. Atrial fibrillation,
atrial flutter

Azimilide Blocks IKr - i.v. and p.o. Atrial fibrillation,
and IKs atrial flutter,

SVT, VT/VF,
SCD-prophylaxis

Tedisamil Blocks I (+) i.v. and p.o. Atrial fibrillation
and ITo

Ersentilide Blocks IKr + i.v. and p.o. Atrial fibrillation
and β1 atrial flutter,

SVT, VT/VF,
SCD-prophylaxis

Dofetilide Blocks IKr - i.v. and p.o. Atrial fibrillation,
atrial flutter, SVT

Trecetilide Similar to - i.v. and p.o. Atrial fibrillation,
Ibutilide atrial flutter

Dronedarone Multiple effects - i.v. and p.o. Atrial fibrillation,
like amiodarone atrial flutter,

VT, VT/VF,
SCD-prophylaxis

SVT, Supraventricular tachycardia; VT, ventricular tachycardia; VF, ventricular fibrilla-
tion; SCD, sudden cardiac death



Rhythm Control or Rate Control and Anticoagulation

Clinical categorization relating to the quality of life of patients who present
with AF is a major determinant of the most appropriate strategy for rhythm
management. For patients with recurrent AF that has not become perma-
nent, the two available strategies are: (1) rhythm control and anticoagula-
tion, and (2) rate control and anticoagulation. Our knowledge about the effi-
cacy and safety of various therapeutic strategies is insufficient, especially
with respect to the direct comparison of re-establishment of sinus rhythm by
drugs with rate control [8].

Which patients with AF will benefit from rhythm control? Patients with
intolerable symptoms due to AF; those with AF lasting longer than 1 year;
young, physically active individuals; patients suffering from paroxysmal AF;
those with good response to therapy; patients with significant left ventricu-
lar (LV) hypertrophy and LV dysfunction; those with left atrial diameter > 50
mm; and patients  with contraindications to anticoagulation. In concise
terms, in a given patient, normal sinus rhythm is an appropriate goal if the
advantages of treatment (pharmacologically or electrically) outweigh the
disadvantages.

In AF patients, restoration and maintenance of sinus rhythm are the pri-
mary therapeutic goals. Once sinus rhythm is maintained, physiological rate
control is restored and LV ejection fractions, cardiac output, and exercise
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Fig. 2. Paroxysmal atrial fibrillation (PAF): pharmacological management



capacity are increased. This improved cardiovascular performance enhances
the patient’s ability to perform the functions of normal daily life. Effective
treatment of AF is based on these objective criteria, but subjective criteria
such as quality of life are also important. Rigorous yet practical approaches
are needed to enable a comprehensive understanding of quality of life in
patients with AF [9]. For example, it has been shown that pharmaceutical
treatment can enhance quality of life in patients with AF [1]. The data are
shown in Table 3, in which the components of a health-related quality of life
(SF-36 categories) were assigned scores. Higher score indicates higher quali-
ty of life.

Discussion

The pharmacological treatment of AF continues to challenge physicians in
everyday practice. Despite the introduction of catheter ablation, the choice of
the most appropriate therapy has become increasingly complex. Recently
published guidelines delineate the therapeutic approaches for different types
of AF. The need to avoid thromboembolism in an AF patient underlines the
physician’s need to restore sinus rhythm and perform a perfect anticoagula-
tion.

The history of anti-arrhythmic therapy of AF is long and fascinating.
Initially, not only the anatomy and physiology of the heart but also an analy-
sis of the pulse, which indicates the electric and hemodynamic activity of the
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Table 3. Medical Therapy Estimates by scoring points of health-related quality of life
(SF-36 categories)

SF-36 category Medical therapy
Baseline Follow-up p

Physical function 71 ± 26 81 ± 24 < 0.05

Physical role 54 ± 41 65 ± 38 < 0.05

Bodily pain 67 ± 17 63 ± 245 ns

General health 68 ± 19 69 ± 21 ns

Vitality 50 ± 16 55 ± 21 ns

Social function 68 ± 24 78 ± 26 < 0.01

Emotional role 74 ± 40 78 ± 36 ns

Mental health 69 ± 15 73 ± 19 < 0.05

ns, Not significant



heart, were important considerations. The analysis of the (peripheral) pulse
as a mechanical expression of heart activity goes back several millennia.
Digitalis, probably the oldest “anti-arrhythmic” agent, was discovered as a
cardiac active substance in the 16th century, by Leonhart Fuchs, and clinical-
ly introduced by William Withering, in Birmingham, England. Modern-day
anti-arrhythmic drugs came into use at a much later stage than the cardiac
glycosides. Quinidine, an optical isomer of quinine, became available as anti-
arrhythmic agent in 1918. Today, the most widely used anti-arrhythmic
drugs were developed in the 1960s and 1970s (e.g., disopyramide, beta-recep-
tor blocking agents, propafenone, flecainide, amiodarone, adenosine, and
ibutilide). Candidate drugs for the treatment of AF include azimilide,
dofetilide, dronedarone, tedisamil, trecetilide, and ambasilide. Further non-
pharmaceutical developments consist of radiofrequency ablation, atrioven-
tricular defibrillators, and advanced anti-arrhythmic surgery. Advances in
the development of pharmacological and electrical tools as well as alterna-
tive strategies, including gene and cell therapy, will continue as rapidly as
before, thus equipping clinicians with a broad palette of possibilities with
which to care for their patients.
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Lone Atrial Fibrillation: Prophylactic Anti-arrhythmic
Treatment

GIANLUCA BOTTO, MARIO LUZI, GIOVANNI RUSSO, BARBARA MARICONTI

Introduction

Atrial fibrillation is a common arrhythmia and the cause of substantial mor-
bidity [1, 2]. Management strategies for its control are far from satisfactory
[3]. Most importantly, whether by restoring sinus rhythm or by controlling
ventricular rate, arrhythmic strategies bring with them a proarrhythmic or
arrhythmogenic risk [4]. In such cases, the basic arrhythmia may be aggra-
vated or new and more devastating arrhythmia may be produced.

The question of long-term anti-arrhythmic medication for the treatment
of lone atrial fibrillation often arises. In individuals with frequent recur-
rences of rapid and symptomatic atrial fibrillation, prophylactic therapy is
clearly indicated. In those with less frequent or asymptomatic recurrences
with controlled heart rate, the major concern becomes the risk of proar-
rhythmic events [2]. The risk of therapy must be balanced by the known
adverse effect of anti-arrhythmic medication and the benefit from its utiliza-
tion.

Where to initiate anti-arrhythmic therapy is another important issue.
There are two major reasons to initiate drug therapy in-hospital: to observe
the effects of anti-arrhythmic agents on the arrhythmia being treated, and to
permit surveillance for adverse reaction to the drugs. However, the actual
risk of proarrhythmia in patients undergoing treatment for atrial fibrillation
is not yet well-defined [2].

Department of Cardiology, Sant’Anna Hospital, Como, Italy



Defining the Risk of Proarrhythmic Events

Most studies of ventricular proarrhythmia include patients undergoing
treatment for ventricular tachyarrhythmias [5], not supraventricular tachy-
cardia. While most patients with ventricular arrhythmias have underlying
structural heart disease, this is not the case for many patients with supraven-
tricular tachycardia. In a review of the literature of ventricular proarrhyth-
mia in patients treated with anti-arrhythmic drugs for supraventricular
tachycardia, almost all cases occurred in patients with heart disease [6].

Thus, it is important to define more precisely which patients with
supraventricular tachycardia, undergoing treatment for maintaining sinus
rhythm, are at risk for proarrhythmia (particularly, ventricular proarrhyth-
mia), and possibly sudden death.

Many of the studies assessing the proarrhythmic risk of anti-arrhythmic
drugs are related to the prophylactic indication of a specific drug [7]. The
assumption that proarrhythmia will occur during the initial day of therapy,
when it can be detected while the patient is still under surveillance, has not
been well-documented for different types of anti-arrhythmic agents.
Nonetheless, in-hospital initiation of drug therapy would be unwarranted if
the time from initiation of treatment to proarrhythmic event took several
weeks or longer.

Types of Proarrhythmia

Proarrhythmia occurs with anti-arrhythmic drug therapy when the drug has
an adverse interaction with one or more types of cardiac tissue. The various
forms of proarrhythmia are reported in Table 1.

Ventricular proarrhythmia is far from being a rare event. Drugs that pro-
long repolarization can cause torsade de pointes, and drug-associated ven-
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Table 1. Various forms of proarrhythmic events

Sinus node dysfunction with marked bradycardia

Increase in the frequency or duration of atrial arrhythmias

Slowing atrial tachycardia rate during drug therapy, facilitating rapid atrioventricular

conduction

Atrioventricular nodal or His-Purkinje block

Ventricular proarrhythmia



tricular fibrillation has been reported with most anti-arrhythmic agents,
regardless of their anti-arrhythmic action [8].

However, the type of ventricular proarrhythmia depends to some degree
on the anti-arrhythmic drug used. In a review of 51 papers in the literature,
quinidine was most commonly implicated, but this may be due in part to the
sole use of quinidine for many years [7].

Torsade de pointes is the most frequently reported proarrhythmic event,
probably for the above-mentioned reason. However, it has also been
observed during chronic treatment with drugs that block potassium chan-
nels, such as sotalol [9], or the relatively new class III anti-arrhythmic drugs
[10]. Ventricular hypertrophy appears to predispose to torsade de pointes,
favoring the development of early after-depolarization. For this reason, the
risk for ventricular arrhythmias is increased in patients with left ventricular
hypertrophy [11].

Torsade de pointes may occur as an idiosyncratic reaction at low, even
subtherapeutic plasma concentrations of drugs like quinidine [12]. For other
drugs, such as sotalol, the condition is related to drug dose, with an
increased incidence at doses > 320 mg per day [9].

There is little information regarding ventricular arrhythmia with class IC
drugs. Heart disease is present in most patients with ventricular proarrhyth-
mia who are on flecainide treatment, and the proarrhythmic effect was
reported to occur most often during exercise [6].

The most common proarrhythmic effect during treatment with class IC
drugs is atrial flutter due to regularization of atrial waves together with a
slowing of tachycardia atrial rate. This facilitates atrioventricular nodal con-
duction, leading to a more rapid ventricular rate. An example is conversion
of atrial fibrillation to a relatively slow atrial flutter with the possibility of
1:1 atrioventricular conduction, particularly during adrenergic drive (e.g.,
during effort). This phenomenon is more frequent with flecainide than with
propafenone [13].

More than half of the proarrhythmic events that occur with drugs such as
quinidine, procainamide, or dysopiramide happen within the first 3 days of
therapy [6]. However, when the time from onset of therapy to the proar-
rhythmic event was documented for quinidine, the duration was within a few
weeks of treatment [6]. Torsade de pointes was observed to occur during the
first 3 days of treatment with sotalol, dofetilide, or ibutilide [10]. Atrial
proarrhythmic events occurring during acute administration of class IC
drugs to convert recent-onset atrial fibrillation were observed within 6 h
from the onset of therapy [13]. Proarrhythmia with amiodarone often occurs
during the first week of drug therapy, during the loading phase [14].
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What Is the True Incidence of Proarrhythmia in Atrial Fibrillation?

Recently, a large prospective study comparing treatment strategies
(AFFIRM) designed to achieve either rate or rhythm control in patients with
atrial fibrillation demonstrated that patients randomized to the rhythm-con-
trol arm did not have lower all-cause mortality than those randomized to the
rate-control approach. There was a trend toward a higher death rate in the
rhythm-control arm [3]. In this study, the percentage of patients with lone
atrial fibrillation was fairly low (16%). A few years later, the AFFIRM investi-
gators published a further study describing the cause-specific modes of
death in the main study with respect to treatment approach [15]. It was con-
cluded that the excess mortality in the rhythm-control arm may have been
associated with an increased non-cardiovascular (pulmonary and cancer)
death rate instead of the more-expected increase in proarrhythmia-related
deaths. In the AFFIRM study, there were 3,030 exposures to anti-arrhythmic
drugs in 2,023 patients; in a 6-year follow-up 96 (3.16%) arrhythmic adverse
events were detected, w ith an annual incidence of 0.53% per year.
Furthermore, 12 episodes of torsade de pointes occurred, all of them related
to the use of class III drugs and/or to coexistent favorable factors
(hypokalemia, interaction with other drugs). The authors thus concluded
that the overall risk of adverse arrhythmic events upon exposure to anti-
arrhythmic drugs was reasonably low in the AFFIRM study [16].

Which Drugs Maintain Sinus Rhythm in Lone Atrial Fibrillation?

Very recently, the Italian Association of Arrhythmia and Cardiac Pacing
(AIAC) published its national guidelines on the treatment of patients with
atrial fibrillation, with particular attention given to patients with lone atrial
fibrillation [17].

In patients without structural heart disease there is a trend to prescribe
class 1C anti-arrhythmic drugs (propafenone or flecainide) or sotalol. These
agents appear to have similar efficacies with good long-term tolerance [18].
Amiodarone and quinidine are second-choice drugs in the treatment of this
subset of patients.

Unfortunately, restoration and maintenance of sinus rhythm are some-
times not possible or only attainable with high-dose medications. In these
circumstances radiofrequency ablation is becoming increasingly popular.
The use of radiofrequency energy is particularly safe and well-tolerated in
patients without structural heart disease and could become an alternative to
anti-arrhythmic drug administration [19].
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Out-of-Hospital Administration of Anti-arrhythmic Drugs

Patients are hospitalized to receive anti-arrhythmic drug therapy for safety
reasons, typically to prevent proarrhythmic events. Thus, whenever in doubt,
in-patient initiation of therapy is acceptable. However, the low frequency of
proarrhythmia suggests that in-hospital initiation of therapy may not be
cost-effective [20]. Instead, there are data to support out-patient anti-
arrhythmic drug treatment in patients who have no or minimal ventricular
dysfunction.

In conclusion, the following strategies are recommended:
1. The first episode of atrial fibrillation or supraventricular tachycardia

must be treated in-hospital to observe the effects of any anti-arrhythmic
agents on the arrhythmia being treated, and to permit surveillance for
adverse reactions to the drug.

2. Patients must be treated in-hospital, when quinidine, dysopiramide, pro-
cainamide, sotalol, or new class III agents are prescribed. Observation
should be extended for at least 48–72 h after initiation of the drug.

3. Amiodarone loading can be initiated out-of-hospital, even in patients
with structural heart disease; monitoring of multiple possible adverse
events related to drug administration is mandatory in the first 2 weeks of
drug loading.

4. Initiation of therapy with flecainide or propafenone should be discour-
aged in patients with structural heart disease, particularly when ischemic
heart disease or ventricular dysfunction is present.

5. Patients without structural heart disease, sinus node dysfunction, or atri-
oventricular conduction abnormalities who have a normal basal QTc
interval do not usually need to be hospitalized when treated with class IC
drugs.
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“Pill-in-the-Pocket” Approach

PAOLO ALBONI

In the clinical setting, some patients with recurrent atrial fibrillation (AF)
present with episodes that are not frequent (< 1 per month) and are hemo-
dynamically well-tolerated, but which are long enough to require emer-
gency room (ER) intervention or hospitalization. These patients need treat-
ment, but long-term oral prophylaxis or catheter ablation may not be the
most appropriate first-line therapy. Rather, in this group of patients the
“pill-in-the-pocket” approach, consisting of a single-dose oral ingestion of
an anti-arrhythmic agent at the time and place of palpitation onset, may
offer a more appropriate treatment strategy. The pill-in-the-pocket has
already been investigated in studies carried out in hospital, in patients with
recent-onset AF. The oral drugs that have been used to convert recent-onset
AF to sinus rhythm are class IA, class IC, and class III anti-arrhythmic
agents [1–7]. The class IC agents flecainide and propafenone have the
advantage of being conveniently administered in a single oral dose that
acts rapidly and causes minimal side effects [1, 6, 8–16]. The efficacy of a
single oral loading dose of flecainide and propafenone in converting
recent-onset AF to sinus rhythm has been documented by several placebo-
controlled trials [1, 6, 8, 9, 11, 13, 16]. The two drugs showed similar effica-
cy, and their success rate varied from 58 to 95% [1, 6, 8–13], depending on
the duration of AF and the observation period after drug administration.
In all controlled studies, a low incidence of adverse effects has been report-
ed [1–6, 8–13, 15, 16], the most of which is the appearance of a transient
atrial flutter with high ventricular rate owing to 1:1 atrioventricular (AV)
conduction (in about 1% of patients).
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Very recently, out-of-hospital treatment with the “pill-in-the-pocket”
approach was investigated in an Italian multicenter study [17]. Inclusion cri-
teria were as follows: (1) patients between the ages of 18 and 75 years requir-
ing ER intervention for recent onset (< 48 h) AF; (2) a history of palpitation
with abrupt onset but hemodynamically well-tolerated (absence of symp-
toms such as dyspnea, presyncope, or syncope); (3) number of episodes in
the last year < 1 per month; (4) absence of cardiologic symptoms apart from
the arrhythmic episodes. Patients with contraindications to class IC agents
were excluded. The patients could be treated either in the ER or in the cardi-
ology ward. For AF conversion, oral propafenone and flecainide were admin-
istered in a single dose according to the weight of the patient: flecainide 300
mg for patients weighing ≥ 70 kg, or 200 mg otherwise; propafenone, 600 mg
for patients weighing ≥ 70 kg, or 450 mg otherwise. Treatment was consid-
ered “successful” if the conversion time to sinus rhythm was < 6 h after drug
administration, without severe side effects.

An in-hospital oral loading dose of flecainide and propafenone was
administered to 268 patients with recent-onset AF. Of these, 58 were exclud-
ed from the out-of-hospital treatment: in three (1%), findings included in the
exclusion criteria emerged during echocardiographic recording, in 41 (14%)
the drug was not effective in restoring sinus rhythm within 6 h, and in 14
(6%) the drug induced side effects (transient hypotension in four, atrial flut-
ter in seven, including one with 1:1 AV conduction, and slightly symptomatic
bradycardia in three). The remaining 210 patients (age 59 ± 11 years) were
discharged on flecainide or propafenone for “pill-in-the-pocket” treatment of
recurrent AF. Of these, 118 had no signs of heart disease and the remaining
92 (43%) had mild heart disease. The mean follow-up was 15 ± 5 months;
four patients were lost just after enrollment. Of the remaining 206 patients,
41 (20%) did not experience any arrhythmic recurrences during the follow-
up period and 165 reported 618 episodes of palpitation with abrupt onset,
569 of which were treated with flecainide (64 patients) or propafenone (101
patients). The drug was effective in 534 out of 569 arrhythmic episodes
(94%). Similar results on the efficacy of class IC drugs were recently reported
by Capucci et al. [16], who investigated in hospital the reproducibility of effi-
cacy of an oral loading dose of propafenone in restoring sinus rhythm in
patients with recurrent AF. Efficacy was evaluated by electrocardiographic
monitoring and was reproducible in 93% of the patients. In the Italian multi-
center study, time to symptom resolution after drug ingestion was 113 ± 84
min (median 98). Sixteen arrhythmic episodes were interrupted in a time > 6
h without the patients contacting the ER. Twenty-six episodes (5%) required
ER intervention, ten of which (2%) resulted in hospitalization. Out of the 618
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episodes, 49 were not treated, mainly because of drug unavailability and five
(10%) of these required ER intervention. Therefore, during the follow-up
period, there were 31 (5%) ER contacts among the treated and untreated
arrhythmic episodes, ten of which led to hospitalization. Out of the 31 calls
for ER intervention, 19 were due to AF lasting > 6 h, one to acceleration of
heart rate after drug ingestion (atrial flutter with 1:1 AV conduction), and 11
to anxiety (request for ER intervention although palpitation had ceased).

During follow-up, the number of calls for ER intervention per month was
significantly lower than in the year before the target episode (4.9 vs. 45.6, p <
0.001). Even the number of hospitalizations per month during the follow-up
period was significantly lower (1.6 vs. 15, p < 0.001). Adverse effects during
one or more arrhythmic episodes were reported in 12 out of the 165 patients
(7%) who used the drug during follow-up. One (0.7%) felt a marked acceler-
ation of heart rate after drug ingestion and contacted the ER; electrocardio-
gram showed atrial flutter with 1:1 AV conduction. This implies that success-
ful in-hospital treatment does not completely prevent the appearance of atri-
al flutter at a high rate during follow-up. The remaining 11 patients reported
non-cardiac side effects, such as nausea, asthenia, or vertigo.

These results show that out-of-hospital treatment of recurrent AF with
the “pill-in-the-pocket” approach is feasible and safe, in view of the high rate
of patient compliance and the very low incidence of adverse effects. Data
from the Italian study show that the “pill-in-the-pocket” strategy with fle-
cainide or propafenone is effective in treating over 90% of arrhythmic
episodes, after patient selection on clinical grounds and on the basis of the
results of in-hospital treatment. Episodic treatment minimizes the need for
ER and hospital admission during the acute event. It is noteworthy that
about one-third of ER contacts were due to anxiety. Therefore, psychological
management of these patients (particularly reassurance) may further reduce
calls for ER intervention. The marked reduction in ER and hospital admis-
sions, in addition to the avoidance of prophylactic treatment, will help to
reduce the economic impact of AF, although in a rather small group of
patients with this tachyarrhythmia. The safety of this approach without pre-
vious evaluation of in-hospital treatment remains to be investigated; there-
fore, at present, oral flecainide or propafenone must be tested once in hospi-
tal before it can be prescribed for the out-of-hospital treatment.

Contraindications to class IC drugs must always be considered. If the
patient is treated over the long-term with anti-arrhythmic drugs, the loading
dose of flecainide or propafenone cannot be used, but if the patient appears
suitable for “pill-in-the-pocket treatment”, long-term therapy can be sus-
pended and the loading dose administered during the next AF relapse.

13“Pill-in-the-Pocket” Approach



Atrioventricular nodal blockers (beta-blockers, verapamil, diltiazem) for the
treatment of hypertension or other diseases can be chronically administered.

Before discharge, patients should receive the following recommendations:
They must take the drug 5–10 min after any subsequent onset of typical pal-
pitation; after ingestion of the drug, the patient should rest (supine or sitting
position) until the palpitation has stopped or for at least 4 h have passed; the
patient must contact the ER if palpitation has not ceased 8 h after ingestion
of the drug, if he/she has symptoms that have not occurred during previous
arrhythmic episodes (e.g., dyspnea, presyncope, or syncope) or if he/she
senses a marked increase in heart rate after ingestion of the drug; the patient
must not take more than one oral dose during a 24-h period; the patient
must not self-reduce the prescribed dosage of the drug. The practical man-
agement of patients suitable for out-of-hospital treatment with the “pill-in-
the-pocket” approach is summarized in Fig. 1. In the recent ACC/AHA/ESC
guidelines for the management of patients with AF, this form of treatment is
a class IIA recommendation [18].

14 Paolo Alboni

Fig. 1. Practical management of patients suitable for the “pill-in-the-pocket” approach
to treating atrial fibrillation

Patients with mild heart disease or none, requiring emergency room (ER) intervention for an

episode of recent onset (< 48 h) atrial fibrillation (AF), with a history of palpitations with an

abrupt onset, seldom (≤ 1 per month), hemodynamically well-tolerated but long enough to

require hospital intervention, in the absence of contraindications to class IC drugs after

clinical and electrocardiographic evaluation

In-hospital treatment (ER or ward) with a loading dose of flecainide (300 mg or 200 mg if

body weight < 70 kg) or propafenone (600 mg or 450 if body weight < 70 kg)

If successful AF interruption within < 6 h, without severe side effects, an echocardiogram and

laboratory tests (thyroid hormones, creatinine, transaminases, potassium) must be requested

If contraindications do not emerge, the drug used in hospital, can be prescribed

at the same dose for out-of-hospital interruption of AF episodes
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Clinical Profile, Electrophysiological Characteristics, and
Outcome after Radiofrequency Catheter Ablation of Atypical
Atrial Flutter

GOLMEHR ASHRAFPOOR, AMIR-ALI FASSA, HENRI SUNTHORN, HARAN BURRI,
PASCALE GENTIL-BARON, DIPEN SHAH

Although radiofrequency (RF) catheter ablation is well accepted as the treat-
ment of choice for typical atrial flutter, there is limited experience with its
use in the treatment of atypical atrial flutter (AAF).

A study at our institution consisted of patients who underwent RF
catheter ablation for an AAF pattern on the electrocardiogram between 2002
and 2006. Conventional and electroanatomic mapping were performed in
most cases (90%). The ablation strategy involved delineation of the individ-
ual circuit, followed by ablation of the narrowest isthmus(es). Procedural
success was defined as arrhythmia termination during RF delivery.

The 58 patients (67% males, mean age 57 ± 14 years) included in the
study underwent 70 RF catheter ablation procedures (12 patients underwent
a single repeat intervention) for 109 AAF types. A high proportion of
patients had a history of atrial fibrillation (57%), stroke (16%), cardiac
surgery (47%), previous RF catheter ablation (57%), and pulmonary-vein
isolation (41%). Mean cycle length was 282 ± 58 ms. The reentrant circuit
was located in the left atrium in 43 patients (74%) and in the right atrium in
13 patients (22%). In two patients (3%), a circuit dependent on both atria
was identified. A pseudo-AAF (cavotricuspid isthmus dependent) was found
in four patients (7%). The mean number of RF lesions was 28 ± 25.
Fluoroscopic and procedure duration times were, respectively, 45 ± 19 and
185 ± 67 min. Success was achieved in 80% of the procedures, and in 79% of
the patients after 1.2 procedures. Complications occurred during four proce-
dures (6%): regressive stroke (1%), heart block requiring pacemaker implan-
tation (1%), and local bleeding requiring intervention (1%). There were no
fatalities.

Geneva University Hospitals, Geneva, Switzerland



The results indicated that patients with AAF usually have a complex sub-
strate, characterized by significant heart disease, previous cardiac surgery, or
catheter ablation. This results in a wide and variable range of reentrant cir-
cuits. Despite this complexity, an individualized strategy of catheter ablation
for AAF is a safe and effective treatment in a majority of patients.
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Complications of Atrial Fibrillation Ablation:
How To Prevent Them

GIUSEPPE DE MARTINO1, GIOVANNA RODIO2, CARMINE MANCUSI1, STEFANO DE VIVO3

Introduction

In recent years, increasing surgical experience in high-volume centers,
greater consistency in surgical technique, and the support of sophisticated
electromedical navigation tools have increased the success treatment of atri-
al fibrillation ablation to 80% after the first procedure and to > 90% after the
second procedure. Moreover, these results are associated with a progressive
decrease in the incidence of complications. According to the data in Table 1,
taken from a study published in 2003–2004 [1], major complications associ-
ated with the ablation of all pulmonary veins outside the tubular segment
occurred in 2.9% of cases, as reported by the six leading centers that have
adopted this approach. This compares favorably with the 5.9% reported in a
worldwide survey of such procedures performed between 1995 and 2002 [2].

1Arrhythmology and Decompensation Division, Santa Maria Hospital, Bari; 2Cardiology
Division, Altamura Hospital, Altamura (BA); 3Cardiology Division, Monaldi Hospital,
Naples, Italy 

Table 1. Complication rates compiled from 1,033 patients

Events (n) Rate (%) Range in studies (%)

Transient ischemic attack 4 0.4 0–3

Permanent stroke 1 0.1 0–1

Severe PV stenosis (> 70%, symptomatic) 3 0.3 0–3

Moderate PV stenosis (40–70%, asymptomatic) 13 1.3 0–5

Tamponade/perforation 5 0.5 0–3

Severe vascular access complication 3 0.3 0–4



Cerebrovascular Events

The prevalence of permanent stroke and of transient ischemic attack is,
respectively, 0.1 and 0.4%. The main cause is embolism from thrombus mobi-
lization. Common sites of thrombus formation are the left atrial appendage,
adjacent to the catheter tip and, in most cases, at the transseptal sheath.
Prevention includes: (1) pre-ablation visualization of a thrombus in the left
atrial appendage by transesophageal electrocardiography (TEE); (2) avoid-
ance of thrombus formation on the ablation catheter by using irrigated-tip
catheters and intracardiac echocardiography imaging (ICE) of the amount of
micro-bubble formation, which allows titration of the radiofrequency (RF)
energy output; (3) avoidance of thrombus formation at the transseptal sheath
by high-flow perfusion (180 ml/h) and by pulling back the sheath in the right
atrium; (4) aggressive anticoagulation to obtain an ACT > 300 s.

Pulmonary Vein Stenosis

The prevalence of this complication, which manifests within the first 6
months after ablation, is rapidly decreasing and was estimated at around 1.6
± 0.3% in a recent survey [1]. Severe (> 70%) and symptomatic stenosis
occurs in 0.3% of patients, and mild to moderate and asymptomatic stenosis
in 1.3% of patients. The significant reduction in the incidence was obtained
by adopting the technique of ablation outside the pulmonary veins, reducing
the radiofrequency energy output, and by using ICE and electromedical nav-
igation tools.

Stenosis of one pulmonary vein is frequently asymptomatic. Severe
stenosis of more than one pulmonary vein may manifest as exertional dysp-
nea or, less frequently, dyspnea at rest, pleuritic-type chest pain, cough, and
hemophthisis. Chest X-ray may reveal parenchymal consolidation and pleur-
al effusion, which are not diagnostic. An increased pulmonary flow velocity,
detected by TEE, reinforces the diagnostic suspicion. Direct diagnosis may
be obtained by spiral computed tomography (CT) scanning, magnetic reso-
nance imaging (MRI), ICE, or pulmonary-vein angiography. Percutaneous
angioplasty is a proven and effective treatment of this currently very rare
complication.

Cardiac Tamponade

The latest data from high-volume laboratories report the occurrence of this
serious complication in < 0.5–1% of patients [1, 3]. Cardiac tamponade must
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be immediately diagnosed when arterial hypotension (< 90 mmHg) occurs,
as visualized by motionless cardiac borders on fluoroscopy or by the pres-
ence of pericardial fluid on echocardiography. Percutaneous drainage is suc-
cessful in most patients; rarely, surgical drainage is needed.

Tamponade occurs mostly because of tissue boiling and subsequent
endocardial rupture (associated with a typical popping noise), due to exces-
sive RF power and a high catheter-tip temperature during linear ablation of
the atrial wall, especially if the tip is positioned perpendicular to the wall. In
a minority of patients, mechanical perforation is responsible for this compli-
cation.

Prevention is mainly based on the use of externally irrigated tip catheters
and by reducing the delivered power to ≤ 30 W or, certainly, to ≤ 40 W, which
minimizes the risk of “popping.” The power reduction often implies an
increased duration of RF delivery especially during mitral isthmus ablation.
The risk of mechanical perforation has been addressed by the use of non-flu-
oroscopic three-dimensional mapping systems, which enable better visual-
ization of the atrial chambers and thus facilitate catheter manipulation. ICE
is another option for obtaining the same information to appropriately guide
the catheter.

Severe Vascular-Access Complications

These are mainly femoral pseudoaneurysm and arteriovenous fistula. The
prevalence is 0.3% in patients treated in high-volume centers and it corre-
lates inversely with surgical skill level.

Two complications not listed in Table 1 are atrioesophageal fistula and
diaphragmatic paralysis from phrenic nerve injury (PNI). While both are
currently very rare, they are clinically relevant because the first is almost
always fatal and in the second there is a possibility of permanent impairment
of respiratory function.

Atrioesophageal Fistula

Although very infrequent, atrioesophageal fistula is the more devastating
complication and is almost always fatal. This was confirmed in a recent
series obtained from leading high-volume centers (0.05%) [4].

The occurrence of atrioesophageal fistula depends on the variable and
sometimes minimal distance (< 5 mm) between the esophagus and the pos-
terior wall of the left atrium. Surgical intervention is the only effective treat-
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ment; early diagnosis is mandatory and the condition must be suspected as
soon as a clinical picture of endocarditis following ablation develops. Others
symptoms include dysphagia, gastrointestinal bleeding, and neurological or
cardiac symptoms related to ischemia from embolism. The final picture is
that of cardiogenic shock. Among the diagnostic procedures, TEE and
esophagoscopy must be avoided because of the danger of aggravating the
lesion. Noninvasive imaging, such as MRI, transthoracic echocardiography
(TTE), and thoracic CT scan with water-soluble contrast, are the most useful
diagnostic tools.

Prevention is based on the following techniques: (1) ICE [5] allows detec-
tion of both the amount of echogenicity changes and accelerated bubble for-
mation at the ablated site, indicating rapid development of a lesion and pos-
sible wall necrosis. These changes indicate the necessity to reduce the power
(≤ 50 W) and RF duration (≤ 20 s). (2) CT-based and electroanatomic
CARTO-derived imaging [6] give a more-defined visualization of the
anatomical relationships between the esophagus and posterior wall of the
left atrium. When used in association with imaging fusion software, they
allow navigation with the ablation catheter according to a map in which both
structures are simultaneously displayed. However, since the esophagus is a
mobile structure that can readily migrate in the time interval between CT
acquisition and the ablation time or during the ablation procedure, these sta-
tic images may be of limited value. (3) Electroanatomic reconstruction
obtained with the NavX system [7, 8] is an easy and accurate approach for
visualizing the left atrium and esophagus, and it overcomes some of the limi-
tations of the previously described method. The course and relationship of
the two structures are recorded and displayed in real time, so that even mod-
est movements of the esophagus due to the mechanical pressure of the abla-
tion catheter may be detected.

Phrenic Nerve Injury

The currently reported prevalence of PNI is 0.11–0.48% [9]; however, it may
be asymptomatic in around one-third of patients. The main symptom is dys-
pnea; other symptoms include cough or hiccup. The diagnosis is made on
chest X-ray, which shows hemidiaphragmatic paresis or paralysis with para-
doxical movement. The outcome is often favorable, with complete or partial
recovery after 7 ± 7 months, but some patients fail to recover. Pulmonary
rehabilitation may play a role in improving recovery. In rare cases, surgical
diaphragmatic plication has been performed.
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PNI is related to the close proximity of the right phrenic nerve to the pos-
tero-septal part of the superior vena cava and to the antero-inferior part of
the right superior pulmonary vein and of the left phrenic nerve to the left
atrial appendage roof. The risk at these critical areas is independent of the
type of ablation catheter or energy source employed.

To reduce the risk at these critical areas, high-output pacing should be
done before the ablation procedure is started and, in the case of diaphrag-
matic stimulation, energy application should be avoided. Early diagnosis of
PNI during RF application, suggested by cough, hiccup, or a reduction of the
diaphragmatic excursion, necessitates immediate interruption of energy
delivery.

Case reports describe the possible complications as including transient
paralysis of the vocal cords from recurrent laryngeal nerve injury, pyloric
spasm and gastric hypomotility, and vasospastic angina.
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Cryocatheter Ablation for Atrial Flutter

PETER ANDREW1, ANNIBALE SANDRO MONTENERO2

Overview of Atrial Flutter

Atrial flutter (AFl), a common supraventricular tachyarrhythmia (SVT),
results in the atria beating up to five times faster than normal, i.e., 240 to 400
beats per minute [1]. A 2:1 relation between atrial and ventricular contrac-
tions is typically observed by electrocardiogram (ECG) [2], and under these
conditions of accelerated and mismatched contractile activity of the heart
chambers there is ineffective pumping of blood to the systemic circulation.
While AFl is usually a non life-threatening arrhythmia, it can be a chronic,
life-long condition that is episodic and transient. It can cause hypotension,
impair cardiac output, exacerbate pulmonary congestion, initiate myocardial
ischemia, and in rare cases may lead to a tachycardia-mediated cardiomyopa-
thy [2]. Symptoms commonly experienced by individuals with AFl include
palpitations, dizziness, chest tightness, shortness of breath, and fatigue.
However, some individuals are asymptomatic.

Management of Patients with AFl

Essentially, the treatment of AFl involves treating the fast heart rate, convert-
ing to or maintaining normal sinus rhythm, and reducing the risk of throm-
boembolic events that predispose to stroke. Nonetheless, there are many fac-
tors to be considered when selecting the appropriate treatment approach for
any given patient. Presenting symptoms, symptom history (e.g., frequency,
duration, and severity), risk assessment, previous response to alternative

1ATLAS Medical Research Inc, Miami (FL), USA; 2Cardiology Department and
Arrhy thmia Center of Cardiovascular Research Institute, IRCCS Policlinico
MultiMedica, Sesto S. Giovanni (MI), Italy 



treatment options, convenience and patient preference for a specific treat-
ment option, and cost-effectiveness of a treatment option are among the
many factors that should be considered.

Correct diagnosis, termination of any episode in the presenting patient if
they are hemodynamically unstable, and identification of the cause of the
arrhythmia are typical immediate actions to be taken. Treatment of predis-
posing factors (e.g., hyperthyroidism, alchoholism, and obesity) can yield
significant clinical benefit, and oral coagulation is recommended for patients
with recurrent or chronic AFl. The goal of controlling the ventricular rate
while attempting to restore sinus rhythm and prevent recurrences may be
achieved by various treatment strategies that are available in clinical practice
(Table 1).

Catheter Ablation

Catheter ablation is a minimally invasive, non-surgical procedure that has
moved from being an experimental technique to an accepted treatment
option for AFl. The procedure involves insertion of a catheter into the
femoral vein, where it is subsequently advanced to within the heart. Once
placed endocardially, the ablation catheter is directed to cardiac tissue con-
ducting the signals that cause the heart to beat abnormally [3–6]. The tradi-
tional ablation method involves destroying the reentry circuit, which is com-
monly (but not always) within the region of the cavotricuspid isthmus (CTI),
so as to create a bi-directional conduction block (BCB) across the isthmus
(Fig. 1). Although the traditional ablation method is the standard approach
that is used in clinical practice, preliminary evidence from a recent study
documented the successful use of a non-traditional ablation method to treat
AFl [7]. This latter method relies on the specific electrogram characteristics
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Table 1. Treatment options for atrial flutter commonly available in clinical practice

Electrical cardioversion

External electrical cardioversion

Internal (implantable) electrical cardioversion
1. Pharmacological therapy
2. Catheter ablation

Radiofrequency catheter ablation

Cryocatheter ablation



of the targeted cardiac tissue to identify the site for ablation, rather than cre-
ating a continuous line of block across the CTI.

The catheter ablation procedure involves several key steps. First, the
arrhythmia is mapped in order to determine whether the AFl is isthmus-
dependent, non-isthmus-dependent, or atypical. This is necessary to define
the conduction boundaries within the reentrant circuit. Second, the
macroreentrant circuit is interrupted by creating either focal or linear
lesions within the critical zone of slow conduction that extends to anatomi-
cal borders. Finally, termination of the arrhythmia is verified by demonstrat-
ing BCB within the AFl circuit post-ablation by electrophysiological study
(EPS). A number of endpoints used to assess the safety, efficacy, and proce-
dure characteristics of catheter ablation have been reported in clinical stud-
ies of AFl (Table 2).
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Fig. 1. The right atrium, in a 45° left anterior oblique projection, with presentation of the
anatomical boundaries that demarcate the cavotricuspid isthmus (CTI), which is the
target area for creation of a line of conduction block. CCA, Cryocatheter ablation; CS os,
coronary sinus os; IVC, inferior vena cava; RFCA, radiofrequency catheter ablation; SVC,
superior vena cava



When Should Catheter Ablation Be the First-Line Treatment for AFl?

The high efficacy and outstanding safety record reported by many studies
are strong evidence to support catheter ablation as the first-line treatment
for many patients with AFl [8–16]. Catheter ablation should not be reserved
as a last resort treatment for patients with AFl, but should be considered, in
some patients, as first-line therapy [17]. These are likely to include patients
with AFl who have heart disease and/or who have had cardiac surgery. AFl
also arises in some patients due to the presence of initiating factor(s), such
as metabolic imbalance and overexposure to cardiac stimulants. However,
addressing the underlying initiating factor(s) is the most prudent approach
to managing these patients prior to any consideration of catheter ablation. In
general, suitable candidates for catheter ablation includes those patients who
experience an unacceptably high frequency of recurrences, patients adminis-
tered pharmacological therapy that is neither particularly effective nor well-
tolerated, and patients who have contraindications for other therapeutic
options for managing AFl. Natale and colleagues also suggested that catheter
ablation should be the first-line treatment for patients with AFl who have a
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Table 2. Endpoints commonly reported in studies concerning catheter ablation of atrial
flutter (AFl)

1. Safety outcomes
Procedure-related adverse events and complications
Device-related adverse events and complications
Discomfort on energy delivery to cardiac tissue

2. Efficacy outcomes
Bi-directional conduction block across the isthmus
Non-inducibility of AFl post-ablation
Double potentials
Symptom recurrencea

Conduction recurrenceb

3. Procedure characteristics
Procedure time
Fluoroscopy time

aSymptom recurrence may be documented by subjective methods (e.g., patient diary
records) or objective methods (e.g., ECG, Holter monitoring, etc.). The general experi-
ence is that most cases of symptom recurrence occur within the first 6 months post
ablation
bOnly a few studies have measured persistency of bi-directional conduction block by
performing a repeat electrophysiological study at 1 to 3 months post ablation



normal or mildly enlarged left atrium [8]. Catheter ablation should not be
considered as first-line treatment in all episodes of AFl. For example, this
procedure is not suitable for patients with rhythm disturbances that are like-
ly to spontaneously resolve or unlikely to recur [18].

Some questions concerning catheter ablation treatment of AFl remain.
First, ablation and interruption of isthmus conduction do nothing to the dis-
ease mechanisms that cause the arrhythmia in the first place [19]. Hence,
catheter ablation across the CTI is considered by some to not be a curative
procedure, because it does not address the cause of flutter, and is only a nec-
essary link in the circuit, i.e., the electrophysiologic and/or anatomic abnor-
malities within the atria persist after catheter ablation [18]. Second, there is
evidence of an increase in the occurrence of atrial fibrillation following abla-
tion treatment for AFl [20], although evidence to the contrary also exists [21,
22]. Despite a high proportion of patients developing atrial fibrillation after
catheter ablation for AFl, a majority of treated patients consider the inter-
vention beneficial due to improved quality of life [23]. But this benefit may
be restricted to those patients without predominant AFl prior to ablation for
AFl [23]. Third, there has been a narrow range of patient characteristics
(e.g., cardiac function, associated comorbidities, prior ablation status, previ-
ous failure on AA drugs, etc.) associated with individuals enrolled in clinical
studies investigating catheter ablation treatment for AFl. Consequently, it is
difficult to clearly identify those patients who are likely to achieve the best
results with catheter ablation over the long term. However, variation in the
success rate of catheter ablation for patients with different types of AFl has
been reported [14, 24].

The costs associated with catheter ablation, although not trivial, are less
over time than the cost of alternatives [25, 26]. Catheter ablation requires an
experienced electrophysiologist and comprehensive catheterization facilities,
both of which may be resource impediments to the widespread use of this
treatment option.

Cryocatheter Ablation

Cryocatheter ablation (CCA) has been reported to offer a number of poten-
tial advantages compared to radiofrequency catheter ablation (RFCA) (Table
3). Despite these many advantages, the lengthier procedure time, limitation
to point-by-point focal ablation, and lack of investigator familiarity with the
technology have dampened the canabalization of the AFl ablation market by
cryocatheters. There are a number of recent clinical studies involving CCA
for treatment of AFl (Table 4) [11, 14, 15, 27–30]. Acute success rates reported
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with CCA range from 87 to 100%. Greater short-term success and procedure
benefits (e.g., shorter procedure time) are delivered with larger-tipped cryo
catheters [15]. Most studies report a relatively low rate of symptom recur-
rence over a reasonably lengthy period of follow-up.

The lack of large randomized controlled trials comparing CCA to RFCA
for treatment of AFl has impeded a valid determination of which ablation
energy is superior in a head-to-head comparison. This issue is now being
addressed by a few ongoing clinical studies. The general consensus among
users of both CCA and RFCA for treatment of AFl appears to be recognition
of a superior safety profile for CCA, an equivalent effectiveness, but a longer
procedure time.

Conclusions

Since its availability in clinical practice in the 1990s, CCA has rapidly
become a curative option for AFl. This is not surprising given the excellent
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Table 3. Advantages and disadvantages of cryocatheter ablation (CCA) versus radiofre-
quency catheter ablation (RFCA) for the treatment of AFl (data from [11, 14, 15,
27–40])

Advantages
1. Safety benefits

Ability to create reversible (transient) conduction block at a target site prior 
to creation of permanent irreversible conduction block
Greater catheter stability (cryoadhesion) enabling shorter fluoroscopy exposure
Less patient discomfort on energy delivery during the ablation procedurea

Fewer complications e.g., less thrombogenic, less endothelial cell disruption,
and less collagen shrinkage

2. Efficacy benefits
High long-term success e.g., symptom recurrence rates relatively low in 
most studies

Disadvantages
1. Longer procedure time and possibly fluoroscopy exposure
2. Cryocatheters are limited to “point-by-point” ablation across the CTI whereas RF
catheters can use both “point-by-point” and the “drag-and-burn” ablation methods

CCA, Cryocatheter ablation; CTI, cavotricuspid isthmus; RFCA, radiofrequency
catheter ablation
aA recent study demonstrated that RFCA-treated patients administered nitrous oxide
had reduced anxiety and discomfort with RF energy delivery [41]
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safety and effectiveness profile associated with regulatory-approved CCA
technologies. A possible ceiling on its use is that it requires an experienced
cardiac electrophysiologist plus comprehensive catheterization facilities.
However, the long-term cost-effectiveness of CCA versus alternative treat-
ment options will likely support the wider use of this curative option.
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Radiofrequency Ablation of Atrial Fibrillation and Atrial
Flutter: Who and When?

JOSEF KAUTZNER, DAN WICHTERLE

Introduction

While typical atrial flutter (AFL) is a characteristic macroreentrant atrial
tachycardia originating in the right atrium, atrial fibrillation (AF) is triggered
in most subjects by arrhythmogenic foci localized in the myocardium around
pulmonary veins and maintained by functional reentrant circuits in the left
atrial myocardium. However, there is a close relationship between the two
arrhythmias. They often coexist in the same patient and may degenerate into
each other [1]. The reasons for this coexistence are not clear. It is possible that
pulmonary venous triggers also initiate AFL or convert AFL into AF [2].

Catheter Ablation of Atrial Flutter

High procedural success rates (close to 100%) have been reported after
cavotricuspid isthmus ablation for typical AFL [3]. Two prospective, ran-
domized studies [4, 5] compared oral anti-arrhythmic therapy to radiofre-
quency ablation as a first-line therapy in patients with AFL. Both studies,
irrespective of certain methodological limitations, demonstrated a signifi-
cantly higher efficacy of non-pharmacological approaches; however, a sub-
stantial incidence of AF episodes was observed during follow-up [5].
Therefore, cavotricuspid isthmus ablation appears to be less successful in
those with more frequent episodes of AF. Some evidence suggests that, in
patients with AFL as the predominant clinical arrhythmia, cavotricuspid
isthmus ablation reduces recurrences of AF over a long period of time.
Patients with AF who develop AFL while receiving class IC or III anti-
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arrhythmic drugs also seem to profit from cavotricuspid isthmus ablation,
displaying a reduced incidence of AF after AFL ablation. In these patients,
the drug that caused conversion should be continued [6]. This notion is sup-
ported by our data from a series of 126 subjects who underwent catheter
ablation for AFL and were followed for 10 ± 8 months. While subjects with
isolated AFL presented with subsequent AF in 22% of cases and those with
IC or III AFL in only 28%, patients with documented AF and AFL developed
recurrences of AF in 71% of cases.

The above indications were summarized in the joint ACC/AHA/ESC 2003
guidelines for the management of patients with supraventricular arrhyth-
mias [7]. According to the guidelines, catheter ablation of cavotricuspid isth-
mus might be the option for long-term AFL management when the first
episode of tolerated arrhythmia is documented (recommendation class I,
level of evidence B). In the case of a single episode of poorly tolerated (in
exceptional circumstances 1:1 AV conduction associated with life-threaten-
ing symptoms) or recurrent well-tolerated AFL, catheter ablation is the pref-
erential mode of therapy (recommendation class I, level of evidence B). The
only alternative is administration of dofetilide (recommendation class IIa,
level of evidence C), whereas the usefulness or efficacy of other anti-arrhyth-
mic drugs is even less well-established (recommendation class IIb, level of
evidence C). The same strategy applies for AFL appearing after use of class Ic
agents or amiodarone for treatment of AF; catheter ablation should be pre-
ferred to facilitate further pharmacologic management (recommendation
class I, level of evidence B) rather than substituting the current drug with
another (recommendation class IIa, level of evidence C).

Catheter Ablation of Atrial Fibrillation

Enormous progress in catheter ablation of AF has been achieved in the last
decade [8]. The goals of this therapy are elimination of symptoms, improve-
ment in quality of life, prevention of complications and, at least theoretically,
improvement in prognosis. The current criteria for patient selection for AF
ablation are influenced by many factors, such as safety, efficacy, availability,
the risk-to-benefit ratio, and patient preference. As the ablation strategies for
elimination of AF continue to evolve, the reported efficacy varies broadly,
depending on the type of AF, ablation strategy, and the methods and dura-
tion of follow up. Although the classical definition of success has been the
maintenance of sinus rhythm in the absence of anti-arrhythmic therapy, a
significant decrease in AF burden and/or rhythm control with previously
ineffective drugs may also be clinically meaningful. In this respect, it has to
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be emphasized that more extended ECG monitoring will detect a higher pro-
portion of asymptomatic episodes and thus decreases the success rate [9].

The above advances in AF ablation have been partially incorporated in
the recent (2006) update of the ACC/AHA/ESC guidelines [10], with the
recognition that such vital details as patient selection, optimum ablation
sites, absolute rates of treatment success, and the frequency of complications
remain incompletely defined. In patients with AF likely benefiting from
maintenance of sinus rhythm and in whom no precipitating or reversible
causes of arrhythmia (such as hyperthyroidism) have been found, drugs are
typically the first choice. Left atrial catheter ablation is a reasonable second-
line alternative to pharmacological therapy to prevent recurrent AF in symp-
tomatic patients, especially in those with little or no left atrial enlargement
(recommendation class IIa, level of evidence C).

So far, the role of catheter ablation has been established in symptomatic
AF patients, whereas the appropriateness of catheter ablation in asympto-
matic subjects has to be further studied. At present, asymptomatic patients
may be considered for catheter ablation when they are young or have evi-
dence of possible tachycardia-mediated cardiomyopathy. Along the same
lines, a trial of anti-arrhythmic drugs is usually required prior to catheter
ablation. However, catheter ablation is increasingly indicated after the failure
of one or two drugs. The results of a pilot study suggested that catheter abla-
tion may be superior to drug therapy even when applied as the first-line
treatment [11].

With the development of ablation strategies, clinical efficacy has
improved even in subjects with chronic AF. A recent trial documented that
about three fourths of patients with chronic AF may remain in sinus rhythm
with improvement of left ventricular ejection fraction and a decrease in left
atrial size [12]. Similarly, the feasibility and safety of catheter ablation for AF
have been documented even in patients with congestive heart failure and left
ventricular dysfunction [13]. Regarding patient age, catheter ablation has
been performed in those as young as 16 years up to those in their eighties.
Despite comparable efficacies documented in the elderly, some studies
reported a higher incidence of periprocedural complications [14].

Based on data from several series, a left atrial diameter > 50–55 mm
appears to predict lack of procedural success [15]. Similarly, AF of long dura-
tion may be associated with a higher probability of recurrence after ablation.
Finally, in patients who require cardiac surgery for any indication, concomi-
tant ablation for AF is appropriate. In subjects without indications for
surgery, no data are available to support surgical ablation as a stand-alone
procedure.
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Conclusions

Catheter ablation of cavotricuspid isthmus has become the first-line therapy
in patients with typical AFL. Catheter ablation of AF, aimed at electrical iso-
lation of pulmonary veins and various forms of substrate modification, is a
still-developing strategy that should be primarily restricted to symptomatic
subjects who have failed or have contraindications to medical treatment.
However, the indications for catheter ablation are likely to broaden in the
near future.
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The Impact of New Imaging, Mapping and Energy Delivery
Technology on the Current Approach to Ablation of Atrial
Fibrillation

ANDREA COLELLA1, MARZIA GIACCARDI2, LUIGI PADELETTI1, GIAN FRANCO GENSINI1

Atrial Fibrillation

Atrial fibrillation (AF) is the most common arrhythmia encountered in clini-
cal practice. It is frequently symptomatic and contributes to significant mor-
bidity and mortality, independent of all other cardiac comorbidities [1].
Providing effective treatment of AF is one of the challenges of electrophysi-
ology, and it is the focus of major research initiatives in the scientific com-
munity. The level of concern and interest regarding AF has increased over
the years with the advent of curative ablative techniques.

Optimal treatment of AF has yet to be achieved. Drug therapy has always
shown poor efficacy in restoration and maintenance of sinus rhythm (SR)
and reduction of AF complications (heart failure, stroke). In addition, the
potential advantage of maintaining SR with anti-arrhythmic agents is coun-
terbalanced by their propensity to cause serious side effects, including life-
threatening pro-arrhythmic ones, and to exacerbate ischemia or heart failure
by their negative inotropic actions. Moreover, a recent AFFIRM sub-study
showed that only warfarin use and SR maintenance affect mortality, whereas
anti-arrhythmic drugs do not modify survival [2]. For this reason, the search
for therapeutic approaches effective and different from pharmacological
therapy has become an increasingly active one.

The past decade has witnessed extraordinary growth in all fields of
knowledge regarding AF. Many clinicians now agree that AF is not a unique
arrhythmia but is made up of various mechanisms in several clinical set-
tings. These may provide optimal substrates for a “tailored therapy”
approach by catheter-mediated ablation of the trigger or substrate.

1Heart and Vessels Department, Azienda Ospedaliera Universitaria Careggi, Florence;
2Pediatric Cardiology, Azienda A. Meyer, Florence, and Don Gnocchi Foundation,
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Ablation of Atrial Fibrillation 

The remarkable results of surgical Maze procedures in treating AF [3] have
encouraged the introduction and development of the percutaneous ablation
approach in an attempt to expand this surgical technique. The therapeutic
action and target substrates of AF ablation are now understood to be more
complex than previously recognized. While catheter ablation of AF initially
focused on pulmonary vein isolation, more recently it has widened substan-
tially to include alternative or supplementary approaches. Four different
approaches to catheter ablation of AF are emerging [4]:
1. Isolation of the triggers and perpetuating re-entrant circuits located in

the pulmonary veins (pioneered by Jais and Haissaguerre [5, 6]).
2. Disruption of the substrate for perpetuating rotors in the antra of the

pulmonary veins and the posterior left atrium (pioneered by Pappone
[7]).

3. Targeted ablation of ganglionated automonic plexi in the epicardial fat
pad (pioneered by Platt, Jackman, and Scherlag [8, 9]).

4. Disruption of the putative dominant rotors in the left and right atria as
recognized by high-frequency complex fractionated electrograms during
AF mapping (pioneered by Nadamanee [10]).

Technical Developments

As our knowledge regarding AF has grown over the last decade, AF treatment
by radiofrequency (RF) ablation has evolved. Historically, cardiac angiogra-
phy represented the standard methodology to investigate the cardiac struc-
tures and to define their anatomy. In fact, angiography combined with the
electrophysiological assessment has long been used to relate cardiac anato-
my to the electrical physiology of the heart. Unfortunately, this technique is
not able to provide three-dimensional (3D) information and it is inadequate
for preliminary patient evaluation. Additionally, several recently proposed
approaches for AF treatment involve a deeper knowledge of the anatomy of
the left atrium and the pulmonary veins.

New technical developments in the field of catheter ablation of AF
include greater accuracy due to reconstruction of the virtual geometry by 3D
navigation and mapping systems, and integration of 3D magnetic resonance
imaging (MRI) and computed tomography (CT) data sets with those sys-
tems. This advance allows manipulation of catheters in an anatomically
accurate 3D environment, making the procedure easier and, presumably,
safer. Approaches based on magnetic resonance or ultrasound imaging are
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also expected to serve as a stepping stone to the ultimate goal of real-time
anatomical guidance of catheter ablation and potential elimination of radia-
tion exposure. Progress is expected to be facilitated by robotic remote
catheter navigation, both mechanically and magnetically guided. Shorter
procedural times and more extensive practice of catheter ablation techniques
to cure AF will derive from the introduction of customized coil- and bal-
loon-based catheters that make use of alternative energy sources.

Alternative Energy Sources

Nowadays, RF energy ablation remains the gold standard in clinical practice,
as most types of atrial and ventricular arrhythmias can be cured using local-
ized ablation. Despite its widespread use, this type of ablation is commonly
known to have several limitations, i.e., risks of coagulum formation, car-
bonization, steam popping, crater formation, and myocardial rupture.

These limitations have motivated the evaluation of modified electrode
systems and new RF catheter designs, among which the most important is
cooling tips. Cooled RF ablation has been shown to be effective in the pro-
duction of larger lesions and useful in the management of patients with
recurrent VT and AF. Even if the cooling technology does not completely
exclude the risk of increased impedance and popping, it allows the delivery
of sufficient amounts of energy to achieve a larger lesion size and depth. The
success in curing some arrhythmias using RF ablation has been, in itself, a
milestone in the field of arrhythmia management. However, some common
arrhythmias remain difficult to treat by simple ablation; thus, other forms of
ablation energy, including cryothermy, microwave, ultrasound, and laser,
have been evaluated.

Many forms of energy have been used for medical purposes. Tissue
destruction in the treatment of tumors and other tissue anomalies has been
attempted with different kinds of energy [11–19]. Recently, these types of
energy have been implemented in arrhythmology as well. In the treatment of
arrhythmia, cryoablation has been used for many years, as it was found to be
effective for the ablation of any type of arrhythmia substrate, including
accessory pathways as well as the ventricular tachycardia (VT) form in
chronic ischemic heart disease. The safety and efficacy of cryoenergy abla-
tion of myocardial tissue is well-recognized [20]. Its unique, reversible effect
was also demonstrated in a study in which AV nodal conduction resumed
after withdrawal of cooling at -45°C. Permanent block was noted at tempera-
tures below -60°C applied for 90–120 s [21, 22]. The other potential signifi-
cant benefit with cryoablation is the absence of thrombus formation [23, 24],
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which is a major concern when a number of RF applications are required, as
in left-sided ablation cases. The utility of cryoablation for left atrial ablation
was recently reported, and its efficacy, safety, and ease of use were con-
firmed. In particular, there was no occurrence of pulmonary-vein stenosis or
phrenic-nerve paralysis. Thus, cryoablation has indeed evolved as a poten-
tially useful tool in the treatment of complex ablation, e.g., for treating large
or deep lesions. The reversible effect of this technique may also prove to be
useful for the ablation of critical areas, such as sites close to the atrioventric-
ular node, by allowing validation of the ablation site with “cryomapping”
before cryoablation. At the present time, clinical investigations of new proto-
types are ongoing in several countries. If the results obtained show a
decreased risk of recurrence, thus preserving the efficacy of RF ablation
while maintaining the safety profile of cryoablation, this kind of energy has
the potential to become a safe and preferred alternative to current RF tech-
niques.

The use of laser, ultrasound, and microwave energies for ablation is cur-
rently under investigation, but applications are still in the development
phase. Both laser and ultrasound balloon delivery systems have been pro-
posed for pulmonary-vein isolation. The laser system is still very dependent
on contact, despite the fact that the lesions created are precise with well-
defined edges and excellent control of their depth is possible. Although
ultrasound must be designed to specifically control the size and depth of
lesions, its advantages are that it does not require intimate tissue contact and
it is able to generate deeper lesions than other modalities. However, long-
term results have to show minimal recurrence and complications.

Finally, microwave is relatively new for AF ablation applications and still
under clinical investigation. Theoretically, this energy should provide suffi-
cient lesions independent of contact, but distance, antenna design, and ori-
entation are still important considerations.

Alternative forms of energy do provide some promise in terms of larger,
deeper, and complex lesions but their application is still relatively in their
early process. Nevertheless, preliminary data are promising. Clinicians and
patients will no doubt soon benefit from safe and effective forms of ablation
for treating the many other types of arrhythmias whose control remains elu-
sive.

Stereotaxis

The advent of the Stereotaxis (Stereotaxis, St. Louis, Missouri) remote
catheter-navigation system offers the opportunity to improve the success of
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complex ablation procedures while maximizing the capabilities of an
advanced 3D mapping system. By reducing the risk of catheter perforation,
limiting fluoroscopy exposure, and improving accuracy, catheter navigation
and mapping provide a unique marriage of capabilities for electrophysiolog-
ical procedures. Stereotaxis technology, currently used for AF ablation,
allows magnetic navigation into the heart by remote control. In contrast to
stiffer traditional catheters, it allows very accurate catheter tip control,
avoiding the stretching of tissue and distortion of cardiac structures, which
can produce false spaces when creating chamber geometry. Beyond radiolog-
ical-exposure reduction, stereotaxis technology has a shorter learning curve
than conventional ablation techniques. Early clinical results have demon-
strated that stereotaxis technology is safe and effective, opening up possibili-
ties that until now were considered to be as unlikely as remote transcatheter
ablation [25].
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Trigger vs Substrate Ablation for the Treatment of Atrial
Fibrillation

ATUL VERMA

Introduction

Radiofrequency ablation of atrial fibrillation (AF) has emerged as a very
effective technique for the treatment of this vexing arrhythmia. When AF
ablation was first described by Haissaguerre et al., nearly 10 years ago, the
technique focused on the elimination of focal triggers for AF emanating
largely from the pulmonary veins (PVs) [1]. In patients with predominantly
paroxysmal AF and little structural heart disease, this paradigm remained
successful, with evidence confirming that elimination of all possible triggers
via pulmonary vein isolation (PVI) would successfully prevent AF recur-
rence. However, the high success rates of PVI procedures were not replicated
in populations with more persistent and permanent AF. In these patients,
there is greater interest in identifying the critical elements of the atrial “sub-
strate” required for maintaining AF. By targeting this “substrate,” it is hoped
that AF ablation will result in better cure rates in a wider spectrum of AF
patients. While markers of AF substrate have been proposed as potential tar-
gets of ablation, the efficacy of using such targets is not well known.
Furthermore, whether such targets should be eliminated alone, or in con-
junction with known triggers is also not well understood.

Trigger-Based Ablation

The goal of most present-day AF ablation techniques is to electrically “dis-
connect” the PVs from the rest of the atrium by ablating around the origin of
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the veins. In their original article, Haissaguerre et al. showed that in the
majority of patients with paroxysmal, lone AF (94%), focal triggers for AF
were found in one or more of the PVs [1]. Although non-PV sites may also
trigger AF, this is less common, occurring in no more than 6–10% of parox-
ysmal AF patients [2]. Thus, most present-day techniques are focused on
ablating around the PVs. This typically involves applying lesions circumfer-
entially around and outside of all four PVs, with the goal of achieving com-
plete electrical disconnection between PVs and left atrium (LA) [3].
Although this technique has many names and variations, including “pul-
monary vein antrum isolation,” “circumferential PV ablation,” and “extraos-
tial isolation,” the lesion sets produced by the procedures are all very similar.
The success rates are also similar, with recent pooled analyses showing suc-
cess in the 80% range [4].

Evidence has also suggested that the success of such ablation procedures
is directly related to eliminating conduction between the PVs and the LA.
Verma et al. studied patients post-PV antrum isolation and found that those
with successful outcomes had significantly more PVs isolated than those
who failed [5]. Furthermore, patients who were responsive to antiarrhythmic
medications had more conduction delay between the LA and PVs than those
who were not responsive. Ouyang et al. found that recurrent LA-PV conduc-
tion was the predominant finding in patients with recurrent arrhythmia
post-PV antrum isolation [6]. In both studies, patients were successfully
cured by re-isolating all of the PV antra. The majority of patients in these
studies had paroxysmal, lone AF; therefore, these results are not necessarily
applicable to more populations with persistent AF. Furthermore, wide PV
antral isolation requires very extensive lesion sets, which presents risks
including perforation and stroke. Additional or alternative lesions may be
required to modify the atrial substrate for AF maintenance beyond trigger-
based ablation.

Substrate-Based Ablation 

There is no general consensus on what exactly constitutes the “substrate” in
clinical AF, making the use of this term somewhat problematic. It seems that
when most clinicians talk about targeting the AF substrate, they are referring
to critical regions or components of the left atrial anatomy/eletrophysiology
that are responsible for allowing AF to perpetuate. Investigators have pro-
posed different ablation targets to try and identify these critical regions,
including complex fractionated electrograms (CFEs), dominant frequencies
(DFs), and autonomic ganglionated plexi (GPs).
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Complex Fractionated Electrograms 

From early animal and human experiments, it was found that atrial regions
exhibiting very rapid activation may represent critical rotors responsible for
maintaining AF [7]. Furthermore, regions demonstrating very fragmented
potentials, to the point of almost continuous baseline activity, may represent
pivot points or regions of very slow conduction responsible for continued
fibrillatory conduction [8]. Nademanee et al. first described targeting these
types of electrograms exclusively to ablate AF [9]. They defined “complex
fractionated atrial electrograms” as electrograms with either: (1) two deflec-
tions or more and/or having a perturbation of the baseline with continuous
deflections from a prolonged activation complex, or (2) very short cycle
length (< 120 ms) with or without multiple potentials. These electrograms
also typically have very low voltages of 0.06–0.25 mV. By ablating these tar-
gets, the authors described a 76% success rate after one procedure (91% after
two). Other investigators have also shown that by adding complex atrial elec-
trograms to ablation, success rates may be increased [10]. However, no other
centers have yet validated the CFE-alone technique. One reason is the subjec-
tivity in identifying CFEs. To this end, mapping algorithms have been devel-
oped to automatically identify CFEs and early results have been promising
(Fig. 1) [11]. Furthermore, there is some controversy as to the relevance of
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Fig. 1a, b. Examples of electrograms that have been labeled as complex fractionated elec-
trograms (CFEs). a Low-amplitude electrograms with multiple components, to the point
of showing almost continuous deflection of the recording baseline. b Electrograms with
two or three components are regarded as “fractionated.” However, they are not of low
amplitude, nor is there continuous electrical activity (extensive lengths of flat lines
between electrograms), and the cycle length is not particularly short. Thus, these elec-
trograms would not be considered as CFEs

a

b



using CFE as a target. There is debate as to the temporal and spatial stability
of CFE and whether these electrograms represent transient regions of wave-
front collision as opposed to critical, stable regions of AF perpetuation [12].
Part of the problem is that the definition of CFE varies in the literature, with
some studies defining any electrogram with more than two components as a
“CFE,” regardless of the cycle length or continuity of the signal (Fig. 2).
While an EGM with two or more components may technically be “fractionat-
ed,” only low-voltage electrograms with rapid or continuous activity have
been described as ablation targets or “CFE.” Perhaps “complex atrial electro-
grams” would be a better term than CFE to avoid confusion. These complex
electrograms have been reported to be spatially stable and their elimination
results in AF cycle-length prolongation, regularization, and possibly long-
term AF reduction [9, 13]. Some investigators have reported searching for
such complex activity sites during sinus rhythm by examining the Fourier
transform of sinus electrograms and looking for multiple late, rightward-
shifted frequencies, or “fibrillar” myocardium [14].

52 Atul Verma

Fig. 2. Example of a three-dimensional representation of the left atrium (AP view) with
different shaded regions indicating areas of complex fractionated activity, as deter-
mined using an automated mapping algorithm (Ensite NavX, St Jude Medical, St Paul,
MN). By performing point-by-point recording of electrograms, the algorithm automati-
cally detects the number of local electrogram peaks. By averaging the number of peaks
over a period of several seconds, an average cycle length can be calculated. Regions of
short cycle length (< 120 ms) represent regions of complex activity (either very rapid
activity, or continuous deflections of the baseline). These regions may then be targeted
for ablation



Dominant Frequency

Since the identification and interpretation of complex signals during AF can
be very challenging, some investigators have used DF sites to identify
regions of high-frequency atrial activity. Sanders et al., for example, reported
that AF termination or AF cycle-length prolongation during ablation was
usually seen during ablation over a DF site [15]. They also showed that the
distribution of DF may vary from patients with paroxysmal AF to those with
permanent disease, with DFs less likely to be associated with the PVs in non-
paroxysmal patients. However, as with CFE, there is some question regarding
the temporal and spatial stability of DFs. Ng et al. showed that DF values
were significantly impacted by local electrogram factors, such as amplitude
variation, frequency fluctuation, and electrogram ordering or phase [16].
Thus, DF sites may not necessarily correlate with atrial regions exhibiting
the most rapid or complex atrial activity. There have not yet been any studies
validating the approach of targeting DF sites for AF ablation.

Autonomic Ganglionated Plexi 

It has been suggested that autonomic inputs from ganglionated plexi sur-
rounding the heart may contribute to both the initiation and maintenance of
AF [17]. High-frequency stimulation of epicardial autonomic plexi can
induce triggered activity from the pulmonary veins and affect the atrial
refractory periods so as to provide a substrate for the conversion of PV fir-
ing into sustained AF [17]. Elimination of vagal inputs prevented AF recur-
rence in animal and patient models of vagal AF [18, 19]. In AF patients,
recent data suggested that the identification and ablation of autonomic gan-
glia during PV isolation may improve the long-term success of treatment
[20]. However, in another report, the use of ganglionated plexus ablation
alone in vagal AF patients had a success rate of less than 30% [19]. The loca-
tion of these plexi has been correlated with the presence and location of CFE
[20], but whether targeting plexi alone will ultimately prove effective
remains unclear.

The Need for Clinical Trials 

Ultimately, several targets have been proposed for AF ablation, each with
their own supporting evidence and limitations. It is also quite likely that for
any given approach, there will be overlap in the targets that are ablated. The
creation of circumferential lesions around the PVs may not only isolate
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them, but may also eliminate some sites of CFE and some autonomic inputs.
However, whether we need to systematically add other targets to PVI or
move beyond PVI as a whole remains a somewhat controversial issue. The
only way to definitively determine the efficacy and utility of different
approaches is to subject them to the rigor of randomized clinical trials. One
such trial, Substrate versus Trigger Ablation for Reduction of Atrial
Fibrillation (STAR-AF) is designed to specifically look at the utility of target-
ing CFE vs. PVI. In this randomized, three-arm, multicenter comparison
involving AF patients with largely persistent disease, PVI will be compared
to CFE alone as well as to a hybrid procedure combining PVI and CFE. The
primary outcome will be freedom from AF at one year. Canadian and
European centers are now actively enrolling in the pilot phase of this trial
and results should be available within the next 1–2 years.
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Pacing in Atrial Fibrillation: Is It Still Viable?

OSCAR OSEROFF, GUSTAVO IRALDE, ENRIQUE RETYK

Introduction

Atrial fibrillation (AF) is one of the most intensively studied topics in the
cardiology community due to its growing prevalence, its high morbidity and
costs, and its expanding therapeutic options following new insights into the
disease. The prevalence of AF is around 1% of the general population, and
increases to up to 4% in the population over 65 years old. Similarly, the num-
ber of patients that need a pacemaker is constantly growing, and these
patients have much in common with the AF population (elderly, coronary
artery disease, heart failure). Thus, the number of patients with a combina-
tion of AF and pacemakers is increasing [1, 2].

This article offers an analysis of the role of cardiac stimulation therapy in
the prevention and treatment of AF. The different pacing modes are com-
pared and the impact on the incidence of AF, the alternatives that pacing
therapy offer in the prevention of AF, and the results of pacing and cardiac
resynchronization therapy (CRT) in patients who need AV nodal ablation for
heart rate control are discussed.

Physiopathologic Targets for Pacing in AF

Episodes of AF are frequently preceded by atrial premature beats (APBs),
which are the trigger for reentry mechanisms in the atrium. The combina-
tion of short atrial refractory periods, dispersion of atrial repolarization, and
slow conduction favor the init iat ion of AF as well  as recurrences.
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Bradycardia and post-extrasystolic pauses are also associated with APBs and
increase the dispersion of atrial repolarization. Also, atrial wall distension
generated by left ventricular dysfunction or dyssynchrony favors AF [3–8].

AF initiation mechanisms in paced patients mostly followed a greater
density of APBs and bradycardia. In 70% of the observations, a single direct
trigger, such as frequent APBs or a short burst of atrial tachycardia, was
identified. The recurrences mostly took place after finishing a switch mode
episode (early recurrent atrial fibrillation, ERAF) [9, 10].

These observations suggest that, in a pacemaker patient with a risk of AF,
intervention can be targeted to the substratum (bradycardia, dispersion of
repolarization, long conduction times, post-extrasystolic pauses), to dimin-
ishing AF triggers (overdrive suppression of APBs, rate stabilization post-
APBs, post-switch mode overdrive pacing), and to avoiding situations of
high myocardial stress (ventricular dyssynchrony, atrioventricular dissocia-
tion).

Pacing-Mode Selection

During VVI pacing, the ventricular activation pattern begets, in many
patients, atrial contraction against a closed AV valve, VA conduction, or AV
dissociation, and an abnormal pattern of ventricular contraction with
impaired LV function. This inadequate mechanical function of the heart
leads to pressure overload of the atrium, pacemaker syndrome, and AF.

In a retrospective analysis, Santini et al. observed a higher prevalence of
chronic AF in patients with VVI pacing than in patients with AAI or DDD
pacing (46.4 vs 3.7 and 12.6%). This difference was followed by a higher
stroke-related death in VVI paced patients [11].

In a randomized study that compared AAI vs VVI pacing in sinus node
disease (SND), Andersen et al. found a 46% risk reduction in AF incidence
with physiologic pacing [12].

Different studies comprising thousands of patients have shown similar
results in patients with SND, i.e., AF relative risk reductions between 18 and
46% with physiologic pacing. In patients with AV block (AVB), the results
were not as good, probably due to methodology limitations (Table 1)
[13–16].

Thus, physiologic pacing is the preferred approach in SND patients due
to the higher incidence of AF in the VVI mode.
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Right Ventricular Pacing and Dyssynchrony: How Can It Be Avoided? 

Right ventricular pacing (RVP) begets an abnormal pattern of ventricular
contraction, with inter- and intraventricular dyssynchrony. It is therefore not
surprising that in Andersen’s trial, AAI pacing yielded the best results in
terms of reduction of AF episodes [12].

In a MOST (Mode Selection Trial) substudy that compared VVI vs DDD
pacing in SND, the prevalence of RVP and its effects was analyzed in a sub-
group of 1339 patients with SND and normal QRS duration. The observation
was that in patients paced in DDDR mode with a nominal AV interval the
cumulative percentage of RVP was higher than in VVI paced patients (90 vs
58%, p =0.001), and it was linearly related with the number of heart failure
(HF)-related hospitalizations and AF episodes. There was a 25% increase in
AF relative risk for every 25% increase in RVP, and it was not dependent on
the pacing mode [17].

More recently, Tops et al. analyzed 55 AF patients with 100% RV pacing
after AV nodal ablation. They found that 49% of the patients had a septal to
posterior wall motion delay > 130 ms, which is a well-known left ventricular
dyssynchrony parameter. Patients with dyssynchrony showed a worsening in
their New York Heart Association functional class (NYHA FC) and a
decrease in left ventricular ejection fraction (LVEF) [18].

Different algorithms have been developed and employed to maintain a
physiologic pattern of ventricular activation, avoiding RV pacing during
DDD pacing. One option is a pacing feature to maintain AAI pacing until an
atrial event is not followed by a sensed QRS, at which point pacing shifts to a
DDD mode (Managed Ventricular Pacing-MVP, Medtronic, Minnesota, MN,
USA). In a study of this type of pacing, Sweeney et al. showed a decrease in
RV pacing from 59.1% with DDD with a long programmed AV delay to 6.5%
with MVP mode. More recently, with a similar feature (AAIsafeR, Ela
Medical, Montrouge, France), Pioger et al. found similar reductions in RV
pacing (9 vs 95%). Other devices able to search for intrinsic AV conduction
(search AV, AV hysteresis) have achieved similar results [19–25].

Thus, currently, in a patient with SND and a pacemaker with the above-
described programmable possibilities, RV pacing and thereby the incidence
of AF can be reduced.

Special Tools for AF Prevention and Treatment

With the objective of AF prevention, different pacing algorithms have been
developed. The basic mechanism behind all of them is an increase in atrial pac-
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ing, avoidance of post-extrasystolic pauses, prevention of ERAF, and the use of
anti-tachycardia pacing (ATP) to terminate atrial tachycardia episodes which
trigger AF. Also, and with a different focus, atrial stimulation from different
sites has been analyzed with the goal of diminishing repolarization dispersion.

AF-Prevention Algorithms

In several series of patients with DDD pacing for SND, fewer AF episodes
were observed in patients who had higher atrial-paced percentages (APP).
Thus, a rational treatment approach is to maintain atrium pacing most of the
time, with the objective of overdrive suppression of APBs [26].

Levy et al. initially tested the effect of programming the basic rate 10
beats faster than the intrinsic heart rate of the patient, in a fixed form. They
observed a modest increase in the percentage of atrial pacing but without
any effect on AF episodes [27]. Subsequently, different and more complex
algorithms were developed to dynamically maintain the atrium paced over
the rate of the patient’s heart rate. With this feature (APP), (atrial overdrive
pacing, atrial preference pacing, atrial pacing preference, pace conditioning
or dynamic atrial overdrive, depending on the manufacturer) an APP
between 90 and 95% was consistently maintained [28–37].

Another tool available in some devices is post-switch-mode overdrive
pacing (PSOP), which is used to pace at a higher rate when an AF episode
has ended (detected as a finished switch-mode episode) to overdrive sup-
press atrial arrhythmias, which frequently appear shortly after an AF
episode, while avoiding ERAF episodes. These algorithms have been shown
to reduce ERAF episodes, but are limited with respect to the  time necessary
to detect sinus rhythm and begin intervention. In many episodes, the inter-
vention starts when the AF is already in progress [33].

A third feature is the shortening in the escape interval after an APB in
order to avoid short/long sequences, which favor the initiation of arrhyth-
mia. This feature is referred to as atrial rate stabilization or post-PAC
response, depending on the manufacturer [34–37].

Finally, some devices offer overdrive pacing of certain atrial tachycardia
events in order to terminate them (anti-tachycardia pacing, ATP). This fea-
ture has excellent diagnostic accuracy and results in the termination of
> 50% of atrial tachycardia episodes. Of course, success with less-organized
rhythms such as AF is limited [28, 32, 34, 36, 37].

Despite the rationales behind these tools, there is a lack of consistency in
the results of the trials aimed at testing them and methodology limitations
(number of patients, many therapies compared in the same trial, different
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endpoints, etc.). It is therefore premature to draw any conclusions about
these approaches. The SAFARI trial, with more than 500 patients enrolled,
might overcome some of the methodology limitations, but the results are not
yet available [38].

Multisite Pacing

A different strategy for AF prevention is to focus on substrate modification,
that is, to diminish the intra-atrial conduction delay and dispersion of repo-
larization by means of alternative-site or multi-site atrial stimulation [39].

Although this strategy yielded a reduction in activation times across the
atrium, manifested by a shorter duration of P waves, there was no change in
AF recurrence. The only exception was post-cardiac surgery AF, the inci-
dence of which was reduced by biatrial transient epicardial pacing. There are
also technical issues that make this tool less attractive [40–49].

Ablate and Pace: Role of Cardiac Resynchronization Therapy

In patients with permanent AF, one of the most important treatment targets
is rate control. Usually, it is accomplished with combinations of AV nodal
blocking drugs [1].

Although in most of patients, drug therapy improves symptoms, a signifi-
cant number of patients do not achieve rate control objectives ; their symp-
toms persist or they develop tachycardiomyopathy. In the AFFIRM study, a
trial specially designed to test rate control in one of its arms, many patients
needed more than one drug for rate control, and the target of rate control
was achieved only in 70% of the patients [50].

This implies that 30% of patients with permanent AF need a non-phar-
macological alternative for rate control. Ablation of AV node and RV pacing
is a well recognized alternative and has been evaluated in many small trials
with different endpoints. When analyzed together in a meta-analysis, the two
approaches brought about an improvement of symptoms as well as other
endpoints, e.g., HF-related admissions and LVEF [51].

Nonetheless, not all patients improve with this therapy or their symptoms
may even worsen. One possible explanation is the left ventricular dyssyn-
chrony generated by RV pacing. Tops et al. found, in 55 patients with AV
nodal ablation and RV pacing, that 49% developed echocardiographic para-
meters of dyssynchrony, and that the presence of dyssynchrony resulted in a
worst NYHA functional class and a decrease in LVEF [52].
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It is difficult to define a priori which patient will develop symptoms due
to LV dyssynchrony arising from right ventricular (RV) apex pacing. One
alternative is to upgrade to a CRT device in those patients whose symptoms
worsen and who experience LV dyssynchrony in the follow-up. This
approach was tested by Leon et al., who found that the upgrade to a CRT
improved NHYA functional class in those patients with RV pacing after AV
nodal ablation who developed severe symptomatic heart failure and a
decrease in LVEF [53].

If about half of the patients will develop dyssynchrony with RV pacing,
then the implantation of a CRT device should lead to improvements in this
group. This strategy was tested in the PAVE study, which randomized 252
patients with permanent AF and AV nodal ablation, to RV or biventricular
pacing. The mean LVEF was 46%, and 70% of all patients were in NYHA
functional class I–II. The primary endpoint was modification of the distance
walked in the 6-min test at 6 months. In CRT patients, this distance increased
more than in RV-paced patients (31 vs 24%, p = 0.004). The improvement
with CRT was higher in the subgroup of patients with LVEF < 45% and in
those with more severe symptoms (NYHA II–III). The differences were due
to a worsening in RV-paced patients more than an improvement in CRT
patients [54].

Thus, RV pacing after AV node ablation may be desirable for patients
with preserved LV function, with upgrade to CRT if heart failure and LV dys-
synchrony ensue. CRT is recommended for patients with LVEF < 45% and
NYHA functional class II–III.

Conclusions

In conclusion among the different therapeutic options for AF, pacing is a
useful tool in many of these patients. In SND physiologic pacing is preferred
over VVI. Better algorithms are needed prevent AF. After AV node ablation in
AF, CRT has demonstrated better outcomes with respect to rate control in
patients with lower LVEF.
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Traditional or Device Approach for the Management of Atrial
Fibrillation in Patients with Heart Failure

AURELIO QUESADA, MÓNICA GIMÉNEZ, VICTOR PALANCA, JAVIER JIMÉNEZ, JOSÉ RODA

Introduction

Atrial fibrillation (AF), the most prevalent sustained arrhythmia, is an
increasingly common risk factor in patients with severe left ventricular dys-
function. Moreover, it is associated with a poor prognosis and reduced quali-
ty of life for patients with heart failure (HF) syndrome. Trials involving HF
patients have shown that the prevalence of AF in such patients is high, over
20–40% [1, 2] and increases with progressive NYHA class. AF is a relevant
factor in terms of the incidence of stroke, morbidity, refractory arrhythmic
episodes, and number of hospitalizations. Moreover, the results of the
GUSTO-III trial confirmed that AF is an independent factor for increased
mortality after myocardial infarction [3]. A retrospective analysis in the
Studies of Left Ventricular Dysfunction Prevention and Treatment Trials
showed that patients with AF at baseline, compared to those in sinus rhythm,
had significantly greater all-cause mortality (34 vs 23%), death attributed to
pump failure (16.7 vs 9.4%), and were more likely to reach the composite end
point of death or hospitalization for HF (45 vs 33%). The European GEM DR
Evaluation [4] also detected a higher early mortality of patients with
implanted cardioverter/defibrillators – a population with a high prevalence
of HF and left ventricular dysfunction, related to episodes of AF.

Anatomical factors, such as stretch secondary to increased atrial pressure
and volume, are largely involved in the pathophysiology of AF in the pres-
ence of chronic heart failure (CHF). Also, the complex activation of neuro-
hormonal pathways (bradykinin, renin-angiotensin-aldosterone system),
resulting in fibroblast proliferation, collagen accumulation, hypertrophy, and
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apoptosis, plays a critical role in the mechanism of AF in HF. These events
lead to loss of atrial contraction and dilatation, conduction defects, and atri-
al remodeling, all of which likely result in AF episodes [5].

Factors inducing anatomical and electrical remodeling make the atrium
and its surrounding structures difficult substrates to approach, such that the
treatment of AF in the HF populat ion is part icularly challenging.
Furthermore, this group of patients has the poorest response to the tradi-
tional therapeutic approach to AF, i.e., one that is based on the use of anti-
arrhythmic drugs, but it is also the group most urgently requiring adequate
AF control. Thus, in this setting, non-pharmacological approaches seem
especially appropriate, even more if left ventricular systolic dysfunction is
present [6]. This article reviews the results of the use of each type of device,
including a quick look at pulmonary vein ablation as an essential part of the
armamentarium for treating patients with both AF and HF, and current
approaches to managing these difficult patients.

Pulmonary Vein Ablation

Since its introduction, ablation techniques have evolved from early attempts
to target individual and ectopic foci [7–9] with simple, fluoroscopy-guided
pulmonary vein isolation in focal AF to segmentary, circumferential, and
anatomical approaches. At the present time, even more complex procedures
targeting not only anatomical structures but also those producing electro-
physiologically fractionated electrograms, sites of dominant frequency, and
local non-venous drivers have been proposed as possible targets for patients
with persistent and permanent AF. Although increasing success rates
(60–90% free-symptoms AF, mean follow up 4–12 months) has been demon-
strated with circumferential and anatomical isolation techniques in paroxys-
mal AF, worse results have been obtained with persistent AF [10–12]. Even
more, the risk of complications rise according to patient age and the success
rate trends to decrease. These findings confirm the need for randomized tri-
als to assess the wider application of ablation therapy in persistent AF, which
is the type often implicated in the heart failure population.

To date, pulmonary vein ablation for AF has been performed primarily in
patients with preserved left ventricular ejection fraction (LVEF). However as
noted above, AF and HF are frequently linked and, when associated, produce
additive deleterious effects. There are only a few investigations regarding
ablation techniques in patients with AF and low ejection fraction [13, 14]. In
a prospective study, Hsu et al. [14] showed, in 58 patients with CHF, that the
restoration and maintenance of sinus rhythm by catheter ablation in drug-
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refractory AF yielded significant improvement in left ventricular perfor-
mance (increased ejection fraction and fractional shortening of 21 and 11%,
respectively), left ventricular dimensions (decreases in the diastolic and sys-
tolic diameters of 6 and 8 mm, respectively), exercise capacity, symptoms,
and quality of life. In terms of success rate after initial pulmonary vein isola-
tion, AF recurrence in patients with an impaired LVEF was higher than in
subjects with normal LVEF [15]. Gentlesk et al. [16] recently reported similar
success rates regarding arrhythmia-free follow-up in 67 (18%) patients with
AF and left ventricular systolic dysfunction compared to those with normal
LVEF. Thus, pulmonary vein isolation is a feasible therapeutic option in AF
patients with impaired LVEF, although the potential advantages and disad-
vantages of this technique must be carefully weighed for each patient.
Randomized studies with more patients and longer follow-up are warranted.

If HF is primarily due to the arrhythmia, especially in younger patients
(< 65 years) with paroxysmal AF usually due to focal mechanisms (focus or
microreentry), pulmonary vein ablation probably should be the first option,
particularly in patients with preserved LVEF. This is important to keep in
mind since the later the treatment is performed, the more difficult it is to
avoid electrical and histological remodeling. In contrast, HF in the older
population is frequently the result of a combined mechanism; thus, while in
selected cases pulmonary vein ablation may be considered, in the vast major-
ity of the patients the best choice would probably involve a simpler proce-
dure (pacemaker device with or without atrioventricular node ablation
regarding LVEF damage, see below).

Atrioventricular Node Ablation and Pacemaker Implantation

Atrioventricular node (AVN) ablation is the simplest treatment alternative in
patients with permanent AF and poorly controlled ventricular rate or in
those with complex, refractory, and highly symptomatic episodes of arrhyth-
mia. However, the mandatory requirements for pacemaker implant have
raised concerns about the long-term performance of these devices, especially
regarding the risk of worsening HF.

The MOST substudy [17] showed that, the higher the percentage of right
ventricular pacing, the higher the number of HF-related hospitalizations and
episodes of AF. For this reason, although it is currently the most frequently
prescribed technique, doubts remain about the role of AVN ablation and the
type of device that is indicated, i.e., single (or dual in paroxysmal AF) cham-
ber or biventricular ones. Therefore, concurrently with these options, pace-
maker implantation without AVN ablation should be considered.
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While symptomatic benefits have been described following AVN ablation,
these may be the only ones demonstrated as neither a reduction in the bur-
den or number of AF episodes nor a consistent long-term hemodynamic
benefit have been definitively proven. In the PA3 study [18], patients with
paroxysmal, drug-refractory AF were randomized after AVN ablation to VVI
or DDDR pacing; no significant differences in terms of episodes and time to
first recurrence between the groups was found. Furthermore, Anguera et al.
[19] described a detrimental hemodynamic effect in patients who underwent
AVN ablation, mainly in those with left ventricular systolic dysfunction. By
the time of that work, detrimental consequences on LV fuction were not sus-
pected. So, the authors attributed the impairment to an increase in the sever-
ity of mitral regurgitation.

Direct, solid evidence about the long-term results of RV pacing plus AVN
ablation is lacking, but at least theoretically the effect of subsequent dyssyn-
chrony must be considered in this setting. The PAVE study [20] mildly sup-
ported this hypothesis in that cardiac resynchronization therapy (CRT) in
AF patients after AVN ablation yielded modest results in terms of morbidity
improvement (6-min walk test) at 6-month follow-up, although improvement
was greater in patients with low LVEF. Until further trials have been con-
ducted, it seems prudent to use the information derived from the MOST trial
in daily practice, avoiding RV pacing in patients with HF or left ventricular
systolic dysfunction, in whom a cumulated percentage of ventricular pacing
> 40% is associated with a very high risk of worsening HF and increasing
HF-related hospitalizations [21]. Ongoing trials such as APAF (Ablate and
Pace in Atrial Fibrillation) will provide additional and explanatory informa-
tion on this subject.

While taking into account the results of atrial pacing in AF prevention, in
some patients it is nonetheless worthwhile to wait longer than usual (our
practice is to perform AVN ablation 1 month after pacemaker insertion) in
order to determine whether the new setting allows better control of the
arrhythmia. Atrial pacing minimizing ventricular stimulation can decrease
the number of AF episodes, making it less likely that the patient will develop
permanent AF, especially if there is coexisting bradycardia. This was demon-
strated by Andersen et al. in the Danish study [22] comparing AAI/R pace-
makers with VVI/R, although obviously the results were partially linked to
the detrimental effects of ventricular pacing, In the MOST study [17], there
were significantly fewer AF episodes in bicameral than with ventricular
stimulation. Similar results were recorded in the CTOPP trial [23].

In the Danish trial, the NYHA classification was also higher (and wors-
ened) in the ventricular group vs the atrial group at long-term follow-up.
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The mean dose of diuretics increased in the ventricular group vs the atrial
group, while death due to cardiovascular causes was reduced [22]. Nielsen et
al. [24] compared AAIR and DDDR with different programmed AV intervals
and found impaired LVEF in DDDR mode and increased left atrial diameter.
The shorter AV interval was the most harmful setting, as it resulted in
decreased LVEF and an increased number of AF episodes (7.4, 17.5, 23.3% in
AAIR, DDDR with larger and shorter AV interval, respectively).

Further investigations (MVP, PreFER) will reveal whether the avoidance
of ventricle stimulation lessens the incidence of AF arrhythmic and HF
events.

In addition, the exact value of the available, dedicated, AF-prevention
algorithms remains to be determined. The efficacy of these algorithms has
been shown in the setting of bradycardia pacing indication [25–28], except
in the AFTherapy trial [29]. These studies evaluating prevention algorithms
have reported a significant reduction in supraventricular ectopic beats and
AF burden and no increase in the incidence of new episodes of AF. Whether
these effects can work synergistically with ventricular pacing reduction algo-
rithms is so far unknown.

Dual  Implantable Cardioverter Defibrillator for Atrial Fibrillation

Delivery of synchronous shocks between the high right atrial wall and coro-
nary sinus effectively terminated episodes of AF in a sheep model [30].
Based on these findings, the efficacy of an implantable atrial defibrillator
was evaluated as an alternative in patients with AF [31]. Although initially
atrial stand-alone implantable cardioverter defibrillators (ICDs) were used,
these are no longer available and have been replaced by dual ICDs (Fig. 1).
Anti-tachycardia therapies and atrial and ventricle shocks were shown to
improve quality of life and decrease hospitalizations in patients with drug-
refractory AF in the Jewel AF-only study [32]. However, in a small but signifi-
cant number of patients a large number of atrial discharges is required.
Unfortunately, the energy needed to restore normal sinus rhythm (over 10 J)
is uncomfortable without sedation, making such devices difficult to recom-
mend for wide clinical use.

Recently, the DATAS trial [33, 34] studied 354 patients with class I indica-
tion for ICD who were randomized to either dual-chamber or single-cham-
ber defibrillator. The devices were programmed to avoid ventricular pacing.
The composite endpoint (all-cause mortality, invasive intervention, hospital-
ization due to cardiovascular causes, inappropriate shocks, and sustained
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symptomatic atrial tachyarrhythmias) was significantly reduced in the dual-
ICD group (RR 0.42, 95% CI = 0.18–0.97) compared to those with single-
chamber ICDs. While further investigation is needed in this field, the DATAS
trial nonetheless showed that in patients with class I indication for ICD, i.e.,
a population with a high incidence of atrial tachyarrhythmias and HF, the
tolerance and efficacy of dual-chamber ICD can be maintained when careful
technique and programming that minimizes complications are employed.
Thus, dual-chamber ICDs have an important role in patients without perma-
nent AF and who have ICD indications. In patients with AF only, further
investigations are required to better delineate the most appropriate sub-
group of candidates.

Cardiac Resynchronization Therapy

Up to 40% of unselected patients with HF and left ventricular systolic dys-
function who fulfill CRT inclusion criteria have AF [34]. As already stated,

80 Aurelio Quesada, Mónica Giménez, Victor Palanca, Javier Jiménez, José Roda

Fig. 1. Left anterior oblique projection. Use of a dual defibrillator for the treatment of
drug-refractory atrial fibrillation (AF), with an additional lead in the coronary sinus.
The lead has a coil allowing shock delivery affecting both atria



AF has an important deleterious influence in the prognosis of HF [35].
However, albeit as yet unconfirmed, it is possible that if CRT reduces NYHA
class, the prevalence of AF and the consequences of this condition will
decrease accordingly. It is important to keep in mind that, although patients
with AF were excluded from large trials that support current CRT guidelines,
relevant work delineating both the efficacy of CRT in AF patients and the
ability of this technique to reduce AF episodes is available.

Several studies pointed out that the results of CRT in AF patients are very
similar to those obtained in sinus rhythm patients. Kies et al. [36] showed
that 6 months of CRT resulted in significant clinical benefits with significant
left atrial and left ventricular reverse remodeling. Despite these beneficial
effects, 93% of patients did not revert to sinus rhythm.

Perhaps, one of the main challenges imposed by AF in CRT is the difficul-
ty to adequately deliver therapy, as shown in Fig. 2. Regardless of this limita-
tion, in one large Spanish registry, the SPARE registry, which enrolled more
than 200 CRT recipients with permanent AF and compared them with sinus
rhythm patients, there were no differences in terms of clinical status or
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(Medtronic). Coincident with persistent AF episodes (upper panel) spontaneously
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biventricular pacing (middle panel). Thus, therapy is not or incompletely delivered.
Even many of the beats marked virtually as paced will be fusion beats with no resyn-
chronization capability



anatomical remodeling between the two groups. Interestingly, mortality in
AF patients remained higher than in the control group [37].

Few studies are available on the influence of CRT on the efficacy of atrial
therapies. Complexes devices, such as Concerto (Medtronic) and Renewal 4
AVT (Boston Guidant), offer CRT, atrial anti-tachycardia therapy, and atrial
shocks. Preliminary results have supported the idea that this combined
approach is effective. Fung et al. [38] found that CRT reduced the incidence
of AF in patients with poor left ventricular systolic function, although this
was not the case in CARE-HF patients, probably due to the type of analysis
[39]. Our group [40] described a lower rate of AF (hours of AF and AF
episodes > than 12 h) was associated with CRT vs ICD (7.7 vs 31%, p = 0.03,
95% CI). Based on the lack of significant changes in atrial dimension
observed in this study, our data support a beneficial effect on atrial electrical
remodeling in patients with CRT compared to those with ICD.

Several studies are currently evaluating CRT and AF. The aim of the MAS-
COT study (Management of Atrial fibrillation Suppression in AF-HF
Comorbidity Therapy) is to evaluate whether resynchronization therapy and
AF prevention algorithms improve the prognosis of these patients [41].
RENEWAL 4 AVT has completed enrolment and is now analyzing the system
performance of LV-Offset and LV-Only CRT modes in HF patients and the
complication-free rate in patients with a history of atrial tachyarrhythmias.

What Is the Best Approach to Drug-Refractory Atrial Fibrillation in HF
Patients?

The best approach is to define. In daily practice, age and left ventricular
function used to be the two most important factors in deciding upon a ther-
apeutic strategy. In the young population (< 65 years old) with HF, the first
option might be pulmonary vein ablation. Unsuccessful results would then
recommend AVN ablation subsequent to a pacing device as the next step. In
patients with preserved ejection fraction without prior ischemic heart dis-
ease, a single pacemaker should suffice, with subsequent control of LVEF in
the follow-up. In case of impairment (or if LVEF is already reduced at
implant time), biventricular pacing should be considered. In older patients,
in whom pulmonary vein ablation is riskier and less successful, this
approach to treatment must be considered on a restricted, individual basis.
In the majority of cases, other options are preferable: if LVEF is preserved
and AF is probably permanent, our first option would be CRT pacemaker
with AVN ablation. In patients with systolic dysfunction (< 40%) we recom-
mend implantation of a biventricular ICD, but electrical cardioversion with
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ACEi or ARB plus amiodarone (if tolerated or not previously used) should be
attempted beforehand. If sinus rhythm is maintained during the following
1–2 months, we suggest placing an atrial lead and a device with atrial anti-
tachycardia properties. If sinus rhythm is not restored, a biventricular ICD
should be implanted. Finally, all patients should complete treatment with
drugs aimed at establishing optimal ventricular rate control, but on some
occasions AVN ablation will also be needed.

Conclusions

Atrial fibrillation is an increasingly frequent comorbidity in patients with
severe HF, especially in the presence of left ventricular dysfunction. In sever-
al settings, the pharmacological approach is ineffective such that non-phar-
macological alternatives must be considered. Pulmonary vein ablation is the
option in patients with paroxysmal, focal AF without structural heart dis-
ease. If there is associated sinus node dysfunction, atrial-based pacing with
dedicated preventive algorithms can improve outcome. CRT-ICD or dual ICD
is the preferred strategy in patients with poor LVEF, whether or not asyn-
chrony is present. In patients with permanent AF, AVN ablation with resyn-
chronization therapy is the method of choice. Nonetheless, the majority of
patients will need a hybrid approach with different combinations of ablation,
pacing, resynchronization, atrial antitachycardia pacing, and shock. These
approaches may have beneficial and synergistic effects with CRT.
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Conversion of Persistent Atrial Fibrillation to Sinus Rhythm by
DC Shock: Is It Still in Use Two Years After AFFIRM?

VALERIA CALVI, SALVATORE TIMINERI

The AFFIRM trial compared a rhythm-control option, which included car-
dioversion and maintenance of sinus rhythm (SR), to a rate-control option,
without cardioversion and with control of ventricular rate, in patients with
atrial fibrillation (AF). The 4,060 patients with AF and risk factors for stroke
or death who were enrolled in the study were randomized to one of the two
therapeutic options. At the conclusion of the study, no differences were
found between the two groups with respect to death or composite morbidity;
an increase in the number of hospitalizations was found in the rhythm con-
trol group (80.1 vs 73%) and, surprisingly, the strategy of maintaining sinus
rhythm did not lead to a lower rate of ischemic stroke. It was concluded that,
along with anticoagulation, controlling ventricular rate is as effective in pre-
venting morbidity and mortality in patients with AF as traditional anti-
arrhythmic strategies [1–3].

However, upon closer analysis, these conclusions are questionable.
Firstly, cross-overs between strategies and subsequent return to the origi-

nal strategy were common during the trial [3]. For this reason, it is necessary
to analyze the data not only on the basis of an “intention to treat principle,”
as done in the primary analysis of the AFFIRM study, but also and especially
on the basis of an “on-treatment principle,” using different types of time-
dependent covariates that permit the evaluation of patients according to
their actual treatment and status [4]. In this way it is possible to distinguish
the true differences between the two treatment groups and to dissociate the
use of anti-arrhythmic drugs (AADs) from the presence of SR, for a more
careful analysis. Indeed, it is interesting to notice that in this analysis SR was
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associated with a superior life expectancy and use of AADs was related to a
higher death rate and to a greater number of hospitalizations. This reflects
the fact that currently used AADs are not completely safe and effective.

From the results, it can be concluded that the high mortality in the
rhythm-control arm of the study was due to both the secondary and pro-
arrhythmic effects of AADs [4]. More importantly, it is clear that the results
of the study could be altered by another intrinsic defect: the very small dif-
ference between the percentages of patients in SR in the two arms of the
study [5] could have falsified and reduced the awareness of the benefits
obtained by the goal of establishing SR. Moreover, after an accurate data
analysis, the higher mortality in the rhythm-control group was found to be
due mainly to non-cardiac deaths [6], and subjects with heart failure (HF)
and those with a reduced ejection fraction (EF) were not adequately repre-
sented. However, both groups would have most likely reaped particular bene-
fit in terms of reduced mortality from the maintenance of SR [1, 2].

These considerations help us to understand how far the AFFIRM data are
from proving a real equivalence in terms of survival between rhythm and
rate control. Moreover, a fundamental purpose of AF therapy is to guarantee,
in addition to a longer life, a better quality of life. It is well-known that AF
can cause a vast stream of symptoms, and different studies have shown that
the quality of life for patients with AF is similar to that for patients with HF
[7].

In this sense, the AFFIRM study revealed a substantial equivalence of the
two strategies, i.e., rate and rhythm control [8]. This was probably due to the
fact that 40% of patients in the rhythm-control group had AF at the end of
the study [9], to the negative effects of AADs [4], and to the exclusion from
the study of patients who could have benefited most from the restoration of
SR, i.e., young patients with “lone AF” and strongly symptomatic patients
[1–3]. Other studies have shown an increase in the quality of life and physi-
cal performance of patients whose AF was converted to SR [7, 10–12]. Finally
AFFIRM did not include young patients or symptomatic patients with little
underlying heart disease, in whom restoration of SR must be considered a
useful therapeutic option.

Nonetheless, how can we use the findings and observations of AFFIRM in
clinical practice? And did the outcomes and implications of the AFFIRM
study change our views on the role of DC shock in the conversion of persis-
tent AF to SR? The conclusions we can draw from AFFIRM are the lack of a
widely effective method for maintaining SR, one that has few side effects.
Also, the management of arrhythmia should be tailored to the patient’s char-
acteristics, with the most appropriate therapeutic strategy chosen according
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to patient history. Rate-control should be reserved for elderly patients with
minimal symptoms related to AF. The physician should assess the symptoms
associated with AF, the presence of HF or other cardiovascular disease, and
the patient’s age, preference, and compliance with therapy.

Although AFFIRM compared two mid-/long-term pharmacological thera-
peutic strategies for AF, it did not change current indications for DC shock,
which is the most effective method for restoring SR in patients with persis-
tent AF and is not a mid-/long-term form of treatment. DC shock has several
advantages, including a high success rate and immediate restoration of SR, as
opposed to the unpredictable time required with pharmacologic cardiover-
sion, and the avoidance of potential adverse drug reactions. It is also an elec-
tive therapy in patients with AF during acute myocardial infarction, in the
presence of hemodynamic impairment, in patients with Wolff-Parkinson-
White (WPW) syndrome, and in those with chronic AF resistant to pharma-
cologic cardioversion. Thus, DC shock remains the most effective procedure
to treat AF, with a success rate close to 100% [13–15].

DC shock consists of the delivery of an electrical shock that is synchro-
nized with the intrinsic cardiac activity by R-wave sensing on an ECG lead.
Successful treatment depends on the patient’s characteristics and underlying
disease and on the current density delivered to the myocardium. The latter is
related to defibrillator voltage, output waveform, size and position of the
electrode paddles, and thoracic impedance. Regarding underlying disease, it
is very important to detect clinical and echocardiographic predictors for
successful electrical cardioversion and maintenance of SR.

The most important negative predictive factors for short-term success of
DC shock seem to be a body mass index (BMI) > 30 and hypertension [16],
whereas factors determining AF recurrence after electrical cardioversion are
older age [16–18], long AF duration [18, 19], and left atrial enlargement [17,
19]. Pre-treatment with beta-blockers prior to cardioversion, if possible, has
been suggested [16].

Thoracic electrical impedance is higher in women, increases with
increasing BMI and hemoglobin concentration, and is lower in patients with
HF [20]. It is an essential factor in defining the relation between delivered
energy and transmyocardial current, which is one of the most important
determinants of effectiveness [21]. Thus, the energy delivered should be
adjusted according to clinical variables affecting thoracic electrical imped-
ance in order to obtain sufficient transmyocardial current for successful car-
dioversion, with minimal myocardial injury.

The output waveform influences the energy delivered during DC shock.
Sinusoidal monophasic shock and biphasic shock can be applied; in the for-
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mer, current transits in only one direction, while in the latter current transits
between the two electrodes, first in one direction and then in the other. A
rectilinear biphasic waveform is safer because it requires fewer shocks and
lower delivered energy. The effectiveness of this approach, which is nearly
100%, with minor energy delivery and less dermal and myocardial injury,
has been shown in several studies [13–15, 22, 23]. Finally, electrode configu-
ration is important for successful cardioversion, as an anterior-posterior
position was shown to be better than an anterior-anterior one [24, 25].

In conclusion, since the AFFIRM study did not address DC shock as a
therapeutic option, the indications for its use have not changed. At the same
time, the results of the AFFIRM study calls attention to the need for new
treatment strategies to maintain SR in patients with cardioverted AF, i.e.,
new atrial-specific AADs [26] or non-pharmacologic therapies, to avoid the
negative effects of the currently used anti-arrhythmics.
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Lone Atrial Fibrillation and Sports Activities

FRANCESCO FURLANELLO1,2, GIUSEPPE INAMA3, CLAUDIO PEDRINAZZI3, LUIGI DE

AMBROGGI1, RICCARDO CAPPATO1

Introduction

Atrial fibrillation (AF) and atrial flutter (AFl) are two of the most frequent
causes of prolonged palpitations [1–8] in young competitive athletes, even
including those performing sport activities at an elite level. Specifically, these
arrhythmias can occur frequently during training and competitions or in the
post-exercise recovery period, but rarely at rest.

Recurrences of paroxysmal AF in young competitive athletes may inter-
fere with competitive professional activity, mainly if they are characterized
by a high ventricular rate and if their occurrence is exercise-related. In such
cases, AF and AFl may be a cause of non-eligibility for competitive sport
activity [9]. From the pathophysiological point of view, AF in competitive
athletes (with intact heart) seems to be due to adrenergic or vagal mecha-
nisms in “susceptible” subjects, with neurohormonal imbalance related to
prolonged athletic training [1–7, 10]. An interesting animal model of AF can
be found in racehorses, in which there is a combination of a large heart
(including the atria), high vagal tone, and episodes of strenuous exercise
leading to atrial stimulation through sudden and strong epinephrine release
[11, 12]. The role of a long-term vigorous and regular sport practice in favor-
ing AF occurrence is supported by the higher prevalence of AF/AFl in “mas-
ter” than in younger (< 35 years) athletes and in the general population
[13–17].

From 1974 until March 2007, we studied and monitored a population of
3,222 arrhythmic competitive athletes, with a mean age of 22.3 years [5]. In
this population, 285 subjects performed sports activities at an elite level
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(mean age 24.2 years). Through standardized noninvasive and invasive work-
ups during a long-term follow-up, we found a prevalence of AF/AFl of about
5% among arrhythmic symptomatic competitive athletes and of 5.2% in
those performing sport at an elite level [6].

Even though the “lone” form of AF/AFl is the most frequent clinical pre-
sentation [15, 16, 18], AF/AFl can be the first sign of an underlying heart dis-
ease, i.e., myocarditis, hypertrophic cardiac myopathy (HCM), dilated car-
diomyopathy (DCM), Brugada syndrome, arrhythmogenic right ventricular
disease (ARVD), ischemic heart disease, and short QT syndrome [17, 19]. A
well-identified initiation mechanism, such as atrioventricular nodal reen-
trant tachycardia (AVNRT), a concealed form of Wolff-Parkinson-White
(WPW) syndrome, or focal atrial tachycardia, besides left atrial ectopic beats
may sometimes be found.

The present management of athletes with AF is complicated by the prob-
lem of illicit drug consumption. The majority of illicit drugs included in the
IOC WADA 2007 list that are taken to improve athletic performance or as
masking agents (in particular alcohol, stimulants, cocaine, cannabinoids,
anabolic androgenic steroids, or a combination of different forbidden sub-
stances, or certain dietary supplements) may induce AF through a direct or
indirect arrhythmogenic effect, in healthy subjects and in those with a latent
underlying arrhythmogenic heart disease, including some forms related to
the consumption of illicit drugs [17, 20–24].

Discussion

The prevalence of AF/AFl among young competitive athletes actively practic-
ing sport activities and who complain of palpitations is about 5%. This con-
dition predominantly affects males and it is frequently associated with a
sinus bradyarrhythmia mimicking sick sinus syndrome. Moreover, in these
patients AFl is almost always present. If the prescribed medication is taken
correctly by patients, in some cases detraining may be useful in order to
avoid arrhythmia recurrences without the need for catheter ablation.
However, the interventional approach is the most effective way to treat this
type of arrhythmias.

Furthermore, it is very important to point out that among athletes > 35
years of age who continue to perform sports activities there is a relative risk
of developing AF/AFl of about 3 when compared to young competitive ath-
letes. However, in some cases the arrhythmia may be resolved by a period of
detraining. In consideration of the high prevalence of AFl, interventional
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treatment of this arrhythmia is very important in patients undergoing
radiofrequency catheter ablation for lone AF. In fact, AFl rarely occurs in the
isolated typical or atypical form (originating from the left atrium); instead,
during the clinical course of patients with AF who are on anti-arrhythmic
therapy, episodes of I–IIIC, drug-induced AFl are relatively frequent. These
are easily prevented through radiofrequency ablation. Moreover, AFl should
be considered as an additional risk factor for the development of AF over
time in endurance athletes who continue to practice their sport [25].

Radiofrequency catheter ablation is also effective in treating some cases
of sinus bradyarrhythmia resembling sick sinus syndrome in competitive
athletes affected by AF/AFl. In such cases, successful ablation of the AF sub-
strate can effectively resolve this associated condition. This approach avoids
the necessity of cardiac pacing, which has been frequently proposed as a
treatment option in middle-aged athletes with particularly evident brad-
yarrhythmic episodes, especially during the recovery period [26, 27].

There is a growing interest in studying the pathophysiological mecha-
nisms of AF not only in populations of young athletes performing sports
activities at a highly competitive level [1, 3, 4, 6, 7, 28] but even more so in
subjects who continue intense-endurance sports activities after age 35 [15,
18, 29, 30]. Both types of subjects are more highly predisposed than seden-
tary people to develop AF [31]. It would be very interesting to determine
whether there is a link between excessively strenuous sports activities and
the development of AF with respect to the pathophysiological mechanisms of
the “overtraining syndrome.” The latter may be the cause of inflammatory
processes and immunological modifications, including the presence of
increased levels of C-reactive protein. It may be that the morphofunctional
modifications occurring beyond the paraphysiological adaptations to sports
activities can be adequately addressed by the prescription of glucocorticoids,
statins, ACE inhibitors, and angiotensin-receptor blockers, in addition to
detraining.
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Heart-Failure Management: Focus on Heart-Failure 
Practice Guidelines

EUGENE CRYSTAL, RAJNEESH CALTON

Introduction

Heart failure (HF) is associated with a high burden of mortality and morbid-
ity, reduced quality of life, and increasing healthcare costs [1, 2]. HF is largely
a disease of old age, and it is becoming increasingly prevalent with the grad-
ual aging of the global population [3]. HF is a complex syndrome in which
abnormal heart function results in, or increases the subsequent risk of clini-
cal symptoms and signs of low cardiac output and/or pulmonary and sys-
temic congestion [4].

Because most evidence-based recommendations for HF management
derive from clinical trials involving patients with significant left ventricular
systolic dysfunction, the term “heart failure” in various guideline documents
has been used to refer to predominant left ventricular systolic dysfunction,
unless otherwise reported [5–7]. The increasing recognition of the existence
of clinical HF in patients with normal ejection fraction (EF) has led to
heightened awareness of the limitations of evidence-based therapy for this
important group of patients. A better understanding of the underlying
pathophysiological mechanism, combined with the many new treatments
developed over the last 20 years, has greatly improved the prognosis of
patients with HF, and many patients can now hope for long periods of stable
improved symptoms and improved heart function. Nonetheless, an inex-
orable course of HF can also occur, while many new approaches to treatment
continue to develop. Advances in multidisciplinary care, heart failure clinics,
polypharmacy, device therapy, and surgical approaches have greatly helped
in improving the care of patients with HF [6].
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Heart failure is major and growing public health problem. In the USA,
approximately 5 million patients have HF, and more than 550,000 patients
are diagnosed with first-time HF each year. HF is the primary reason for
12–15 million office visits and 6.5 million hospital days each year [6]. Over
one million patients are hospitalized annually for HF as the primary diagno-
sis [6]. HF treatment also causes a major economic burden on healthcare
expenditures. In the USA, in 2005, the estimated total direct and indirect cost
of HF was approximately $27.9 billion [6].

The European society of Cardiology (ESC) represents European countries
with a population of over 900 million and these countries have at least 10
million patients with HF [7]. There are also patients with myocardial systolic
dysfunction without symptoms of HF who also constitute approximately a
similar prevalence [8]. The prognosis of HF is uniformly poor if the underly-
ing problem cannot be rectified. Half of patients carrying a diagnosis of HF
die within 4 years; in patients with severe heart failure, more than 50% die
within 1 year [9].

Management of Heart Failure

Management of HF begins with an accurate diagnosis and requires a rational
combination-drug therapy; individualization of care for each patient based
on their symptoms, clinical presentation, and disease severity; appropriate
mechanical interventions, including revascularization and devices; collabo-
rative efforts among healthcare professionals; and education and coopera-
tion of the patient and their immediate caregivers. Managing patients with
HF can be challenging, and practice guidelines provide a great help in caring
for such patients. These published guidelines and consensus recommenda-
tions provide an evidence-based roadmap to translate knowledge into prac-
tice and allow healthcare practitioners to reach the best clinical judgment
and decisions for their individual patients.

Presently, three main guidelines for the diagnosis and management of
chronic HF in adults are followed internationally. These are: (1) ACC/AHA
2005 guideline update for the diagnosis and management of chronic heart
failure in adults: a report of the American College of Cardiology /American
Heart Association task force on practice guidelines: Developed in collabora-
tion with the American College of Chest Physicians and the International
Society for Heart and Lung Transplantation: endorsed by the Heart Rhythm
Society [6]; (2) ESC Guidelines: guidelines for the diagnosis and treatment of
chronic heart failure (Update 2005). The task force for the diagnosis and
treatment of chronic heart failure of the European Society of Cardiology [7];
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and (3) Canadian Cardiovascular Society Consensus Conference
Recommendations on heart failure 2006: diagnosis and management [5].

All three guidelines are in agreement in defining the class of recommen-
dation and the grade of evidence for any diagnostic procedure or treatment.
• Class I: Evidence or general agreement that a given procedure or treat-

ment is beneficial, useful, and effective.
• Class II: Conflicting evidence or a divergence of opinion about the useful-

ness or efficacy of the procedure or treatment.
• Class IIa: Weight of evidence is in favor of usefulness or efficacy.
• Class IIb: Usefulness or efficacy is less well-established by evidence or

opinion.
• Class III: Evidence or general agreement that the procedure or treatment

is not useful or effective and in some cases may be harmful.
• Level of evidence A: Data derived from multiple randomized clinical tri-

als or meta-analysis.
• Level of evidence B: Data derive from a single randomized clinical trial or

nonrandomized studies.
• Level of evidence C: Consensus of opinion of experts and/or small studies.

Management of HF in general constitutes nonpharmacological methods,
pharmacotherapy, device therapy, and surgical procedures. This article com-
pares the recommendations made by different practice guidelines for the
management of patients with chronic HF.

Nonpharmacological Interventions

In patients with HF in the presence of systolic left ventricular (LV) dysfunction
(LVEF ≤ 40%), all symptomatic patients should be advised about exercise train-
ing, salt and fluid restriction, and weight management. Aggressive risk factor
reduction should be attempted and lifestyle modification should be advised.

All the guidelines recommend dietary salt restriction (class I, level C).
The CCS and ESC guidelines recommend exercise training in HF patients
(class I, level C). The ACC/AHA guidelines recommend exercise training in
patients with HF as class I, level B indication. The CCS guidelines stress daily
weight measurements (class I, level C) while ACC/AHA guidelines advise
that the healthcare provider should record the body weight of the patient at
each visit. Avoidance of smoking, excessive use of alcohol, and use of illicit
drugs is stressed in ACC/AHA and ESC guidelines. Recommendations made
in different practice guidelines for nonpharmacological interventions in HF
are shown in Table 1.
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Pharmacotherapy

There have been many landmark clinical trials and meta-analysis of the use
of angiotensin-converting enzyme inhibitors (ACEI) [10] and beta-blockers
(BB) [11] in HF, such that these types of drugs have become standard thera-
py and should be considered in all patients diagnosed with HF. The timing of
introduction should be individualized to maximize tolerability and long-
term persistence with therapy. In general, acute symptoms should be
relieved, but an ACEI or a BB should be introduced as early as the patient’s
condition allows. All of the practice guidelines are in agreement for strongly
recommending (class I, level A) the use of ACEI and BB in patients with HF
unless contraindications exist. Tables 2 and 3 list the practice guideline rec-
ommendations for the use of ACEIs and BBs in HF patients.

In patients who are already on a combination of ACEI and BB but contin-
ue to have heart failure symptoms or hospitalizations, an angiotensin-II-
receptor blockers (ARB) should be added [12]. Aldosterone antagonists
(spironolactone, eplerenone) are effective in patients with severe post-
myocardial-infarction HF or in long-term follow-up, especially in those
patients recently hospitalized for HF [13]. Recommendations of practice
guidelines is shown in Table 2.
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Table 1. Non-pharmacological management of heart failure (HF): comparison of differ-
ent practice guidelines 

Indication ACC/AHA ESC CCS consensus 
guideline (2005) guideline (2005) conference on HF 

recommendations 
(2006)

Exercise training Class I, level B Class I, level C Class II a, level B

Dietary salt restriction Class I, level C Class I, level C Class I, level C

Daily morning weight Class I, level C
monitoring

Daily fluid restriction Class I, level C Class I, level C

Avoid: smoking, Class I, level C Class I, level C
excessive alcohol use,
and illicit drug use
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Table 2. Pharmacotherapy of heart failure: comparison of different practice guidelines

Drugs ACC/AHA ESC CCS consensus 
guideline (2005) guideline (2005) conference on HF 

recommendations 
(2006)

ACE inhibitors

HT and LVH, Class IIa, level B Class IIa, level B
no symptom of HF

Asymptomatic patients, Class I, level A Class I, level A Class I, level A
LVEF ≤ 35%

HF symptoms, Class I, level A Class I, level A Class I, level A
LVEF ≤ 40%

Post-AMI, LVEF ≤ 40%, Class I, level A Class I, level A Class I, level A
AHF post AMI

ARBs

Patients who cannot Class I, level A Class I, level A
tolerate ACEI; low EF,
no symptom of HF

ARBs instead of ACEI Class IIa, level A Class I, level B Class I, level B
in AHF with AMI or HF 
symptoms with LVEF ≤ 40%

ARBs added to ACEI for Class IIb, level B Class IIa, level B Class I, level A
persistent HF symptoms

ARBs with ACEI when Class IIa, level B
beta-blockers are 
contraindicated 
or not tolerated

Aldosterone antagonists

Severe HF symptoms, Class I, level B Class I, level B Class I, level B
LVEF ≤ 30%, and optimized 
drug therapy 

AHF with LVEF ≤ 30% Class I, level B Class IIa, level B
following AMI

ACEI, Angiotensin-converting-enzyme inhibitors; ARBs, angiotensin II receptor block-
ers; HF, heart failure; LVEF, left ventricular ejection fraction; AHF, acute heart failure;
AMI, acute myocardial infarction; LVH, left ventricular hypertrophy



Angiotensin-Converting-Enzyme Inhibitors

• ACEI should be used in all patients  as soon as safely possible after acute
myocardial infarction, and should be continued indefinitely if LVEF is <
40% or if acute HF complicated the myocardial infarction (class I, level A).

• ACEI should be used in all asymptomatic patients with an LVEF < 35%
(class I, level A).

• ACEI should be used in all patients with symptoms of HF and an LVEF <
40% (class I, level A).

Angiotensin-Receptor Blockers

• ARBs should be used in patients who cannot tolerate ACEIs, although
renal dysfunction and hyperkalemia may recur (class I, level A).

• ARBs should be added to an ACEI for patients with persistent HF symp-
toms who are assessed to be at increased risk of HF hospitalization, despite
optimal treatment with other recommended drugs (class I, level A).

• ARBs may be considered instead of an ACEI for patients with acute MI
with acute HF or LVEF < 40% (class I, level B).

• ARBs may also be considered as adjunctive therapy to ACEI when BB are
either contraindicated or not tolerated after careful attempt at initiation
(class IIa, level B).

Beta-blockers

• All HF patients with an LVEF ≤ 40% should receive a BB proven to be
beneficial in large-scale clinical trials (carvedilol, bisoprolol, metoprolol
CR/XL) (class I, level A).

• Patients with NYHA class IV symptoms should be stabilized before initi-
ation of a BB (class I, level C).

• Therapy should be initiated at a low dose and titrated to the target dose
used in large-scale clinical trials or the maximum tolerated dose if less
than the target dose (class I, level B).

• Beta-blockers should not normally be introduced in patients with symp-
tomatic hypotension despite adjustment of other therapies, severe reac-
tive airway disease, symptomatic bradycardia, or significant AV block
without a permanent pacemaker. Stable chronic obstructive pulmonary
disease is not a contraindication (class I, level B).
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Aldosterone Antagonists

• Aldosterone antagonism with spironolactone or eplerenone should be
considered for patients with an LVEF < 30% and severe symptomatic
chronic HF despite optimization of other recommended treatments (class
I, level B), or acute HF with an LVEF < 30% following myocardial infarc-
tion (class IIa, level B), if serum creatinine is < 200 µmol/l and potassium
is < 5.2 mmol/l.

Vasodilators

• The combination of isosorbide dinitrate and hydralazine should be con-
sidered in addition to standard therapy for African-Americans with sys-
tolic dysfunction (class IIa, level B), and may be considered for other HF
patients unable to tolerate other recommended standard therapy (class
IIb, level B). Practice guideline recommendations for the use of vasodila-
tors are given in Table 3.

Diuretics

• A loop diuretic, such as furosemide, is recommended for most patients
with HF and congestive symptoms. Once acute congestion is cleared, the
lowest minimal dose should be used that is comparable with stable signs
and symptoms (class I, level C).

• For patients with persistent volume overload despite optimal, other med-
ical therapy and an increase in loop diuretics, cautious addition of a sec-
ond diuretic (for example, a thiazide or low-dose metolazone) may be
considered as long as it is possible to closely monitor morning daily
weight, renal function, and serum potassium (class IIb, level B).

Digoxin

• In patients in sinus rhythm who continue to have moderate to severe per-
sistent symptoms despite optimized HF medical therapy, digoxin is recom-
mended to relieve symptoms and reduce hospitalizations (class I, level A).

• In patients with chronic atrial fibrillation and poor control of ventricular
rate despite BB therapy, or when BBs cannot be used, digoxin should be
considered (class IIa, level B).
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CCS guidelines [5] recommend the use of digoxin as a class I indication
to reduce hospitalization in patients with sinus rhythm and moderate to
severe HF symptoms despite optimized HF medical therapy, while ESC
guidelines [7] recommend the use of digoxin as a class I indication for
patients with atrial fibrillation (AF) and HF.
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Table 3. Pharmacotherapy of heart failure: comparison of different practice guidelines

Drugs ACC/AHA ESC CCS consensus 
guideline (2005) guideline (2005) conference on HF 

recommendations 
(2006)

Beta-blockers

All recent or remote Class I, level A Class I, level A
MI, regardless of
LVEF or HF

Reduced LVEF, Class I, level C
no HF Sx

HF with LVEF ≤ 4 0% Class I, level A Class I, level A

Digoxin

Current or prior Sx of Class IIa, level B Class IIa, level B Class I, level A
HF, reduced LVEF,
optimized medical 
therapy

Any degree of HF with  Class I, level B Class IIa, level B
AF 

Vasodilators (nitrates,
hydralazine)

Reduced LVEF, Class IIa, level A Class IIb, level B
persistent HF Sx on Afro-Americans:
ACEI and BB Class IIa, level A

Reduced LVEF, HF  Class IIb, level C Class IIa, level B
Sx, intolerant to ACEI 
or ARBs 

ACEI, Angiotensin-converting-enzyme inhibitors; ARBs, angiotensin II receptor block-
ers; BB, beta-blockers; HF, heart failure; LVEF, left ventricular ejection fraction; MI,
myocardial infarction; Sx, symptom



Drugs To Be Avoided in Heart-Failure Patients

It is also important to recognize that certain classes of drugs can exacerbate
the syndrome of HF and thus should be avoided in most patients [6]. These
are:
• Anti-arrhythmic agents: Only amiodarone and dofetilide have been

shown not to adversely affect survival.
• Calcium-channel blockers (CCB): only vasoselective CCBs have been

shown not to adversely effect survival.
• Nonsteroidal anti-inflammatory drugs.

Focus on Specialized Heart-Failure Clinics 

Despite the clear survival benefits supporting the use of pharmacological
therapies in the management of HF patients, prognosis associated with
recurrent and prolonged hospitalization remains poor. Strategies incorporat-
ing post-discharge follow-up by a multidisciplinary team of specially trained
staff and/or access to specialized HF clinics reduce mortality and all-cause
hospitalizations. A recent review found a significant reduction in all-cause
mortality when such multidisciplinary teams were used [14].

Multidisciplinary outpatient management of HF and disease manage-
ment programs staffed by physicians, nurses, pharmacists, and other health-
care professionals with expertise in HF management should be developed
and used for assessment and management of high -risk patients with HF.
Multidisciplinary care should include close clinical follow-up, patient and
caregiver education, telemanagement or telemonitoring, and home visits by
specialized HF healthcare professionals, where resources are available. CCS
consensus conference recommendations have stressed the role of multidisci-
plinary outpatient HF management and disease management programs [5].

Implantation of an ICD To Prevent Sudden Cardiac Death in Patients with
Heart Failure

In patients with documented sustained ventricular tachycardia (VT) or ven-
tricular fibrillation (VF), the implantable cardioverter defibrillator (ICD) is
highly effective in treating recurrences of these arrhythmias, either by anti-
tachycardia pacing or cardioversion/defibrillation. Implantation of an ICD
has been shown to reduce mortality in cardiac-arrest survivors. An ICD is
indicated for “secondary prevention” of sudden cardiac death (SCD) due to
ventricular tachyarrhythmia in patients with otherwise good clinical func-
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tion and prognosis, for which the prolongation of survival is the goal. All the
three guidelines are in agreement about ICD implantation in such patients
(Table 4). ACC/AHA and ESC guidelines have considered this as a class I,
level A recommendation. The CCS guidelines have mentioned that ICDs are
the therapy of choice for prevention of SCD and all-cause mortality in
patients with a history of sustained VT or VF, cardiac arrest, or unexplained
syncope in the presence of left ventricular dysfunction.
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Table 4. Implantable cardioverter defibrillator implantation: comparison of different
heart-failure practice guidelines

Indication ACC/AHA ESC CCS consensus 
guideline (2005) guideline (2005) conference on HF 

recommendations 
(2006)

Implantable cardioverter 
defibrillator (ICD)

CAD, LVEF ≤ 30%, 1 month Class I, level A Class I, level A Class I, level A
post-MI, 3 months (LVEF < 30–35%)
post-coronary 
revascularization 
procedure

NIDCM present for at Class I, level B Class II a, level B
least 9 months, NYHA 
class II–III, LVEF ≤ 30%

NIDCM present for at least Class IIa, level B Class II b, level C
9 months, NYHA class 
II–III, LVEF 31–35%

CAD, prior MI, 3 months Class IIa, level B
post-revascularization,
LVEF 31–35%, inducible 
VT/VF on EPS

CAD, prior MI, 3 months Class IIb, level C
post-revascularization,
LVEF 31–35% without EPS

HF, reduced LVEF, with Class I, level A
history of cardiac arrest,
VF or hemodynamically
destabilizing VT

CAD, Coronary artery disease; MI, myocardial infarction; LVEF, left ventricular ejection
fraction; NIDCM, nonischemic dilated cardiomyopathy; NYHA, New York Heart
Association; EPS, electrophysiological study; VT, ventricular tachycardia; VF, ventricu-
lar fibrillation



All of the multicenter trials aimed at the primary prevention of SCD that
assessed the usefulness of ICD implantation to reduce all-cause mortality
selected patients with low LVEF. The most common LVEF cutoff was 35%,
although the MADIT II study had a cutoff of 30% [15]. Most studies did not
specifically select patients with symptomatic congestive heart failure (CHF),
although the largest study, Sudden Cardiac Death and Heart Failure Trial
(SCD-HeF Trial), did select patients with current HF symptoms, NYHA class
II or III, and a history of HF for more than 3 months [16]. In the SCD-HeF
Trial, 2,521 patients with HF and LVEF ≤ 35% were randomized to placebo,
amiodarone, or single-lead ICD implantation. After a median follow-up of
45.5 months, there was a significant reduction in mortality in patients with
ICD therapy. There was no difference between placebo and amiodarone on
survival [16].

All three practice guidelines for HF management are in agreement and
have recommended ICD implantation for primary prevention to reduce total
mortality by a reduction of SCD in patients with LV dysfunction due to prior
myocardial infarction (MI) who are at least 40 days post-MI, have an LVEF ≤
30–40%, are NYHA functional class II or III, are receiving chronic optimal
medical therapy, and who have reasonable expectation of survival with a
good functional status for more than 1 year. A class I, level of evidence A rec-
ommendation has been given to this patient subset (Table 4). The ACC/AHA
and CCS consensus conference HF guidelines also give separate recommen-
dations for patients with nonischemic dilated cardiomyopathy (Table 4). The
ECS HF guidelines do not mention nonischemic cardiomyopathy recommen-
dations separately.

While ICDs are highly effective in preventing death due to ventricular
tachyarrhythmia, frequent shocks from the ICD can lead to a reduced quality
of life. For symptoms from recurrent discharges triggered by ventricular
arrhythmias or AF, anti-arrhythmic therapy, most often amiodarone, may be
added [6]. For recurrent ICD discharges from VT despite anti-arrhythmic
therapy, catheter ablation may be effective (ACC/AHA guidelines). It is
important to note that ICDs have the potential to aggravate HF and have
been associated with an increase in HF hospitalizations (ACC/AHA guide-
lines).

Cardiac Resynchronization Therapy

Patients with HF and LV dysfunction commonly have intra- and interven-
tricular conduction delays that are associated with cardiac mechanical dys-
synchrony. These compromise ventricular function and are frequently asso-
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ciated with severe symptoms and poor prognosis. CRT uses biventricular
pacing to attempt to synchronize the activation of the septum and the LV
free wall, and to improve overall LV function [17].

CRT, when added to optimal medical therapy in persistently symptomatic
patients, has resulted in significant improvements in quality of life, function-
al class, exercise capacity, exercise tolerance, EF, and survival in patients ran-
domized to such therapy [17]. Two major trials (COMPANION and CARE-
HF) assessed the role of CRT in patients with NYHA class III–IV symptoms
on optimal medical therapy, QRS duration ≥ 120 ms, and an LVEF ≤ 35% [18,
19].The CRT group, compared with the medical therapy group, had signifi-
cantly fewer deaths from any cause and fewer unplanned hospitalization for
a major cardiovascular event. As well, the CRT group had better improve-
ment in EF, overall symptoms, and quality of life scores than the medical-
therapy-only group [18, 19].

All three guidelines are in agreement with recommending CRT for
patients with symptomatic (NYHA III or IV) HF despite optimal medical
therapy, who are in normal sinus rhythm and a QRS duration ≥ 120 ms, and
a LVEF ≤ 35% (class I, level A) (Table 5).
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Table 5. Cardiac resynchronization therapy: comparison of different heart-failure prac-
tice guidelines

Indication ACC/AHA ESC CCS consensus 
guideline (2005) guideline (2005) conference on HF 

recommendations 
(2006)

Cardiac 
resynchronization 
therapy (CRT)

HF, NYHA class III-IV Class I, level A Class I, level A Class I, level A
despite optimal medical 
therapy, NSR, QRS ≥ 120 
ms, LVEF ≤ 35%

ICD + CRT for patients Class IIa, level B Class IIa, level B
meeting requirement 
criteria for ICD

HF, Heart failure; NYHA, New York Heart Association; NSR, normal sinus rhythm;
ICD, implantable cardioverter defibrillator



ICD therapy combined with biventricular pacing can be effective for pri-
mary prevention to reduce total mortality by a reduction in SCD in patients
with NYHA functional class III or IV, who are receiving optimal medical
therapy, in sinus rhythm with a QRS complex of ≥ 120 ms, and who have rea-
sonable expectation of survival with a good functional status for more than
1 year. According to the ESC and CCS guidelines, this is a class II A, level B
recommendation (Table 5).

Future Directions

The understanding of HF has grown exponentially over the past 20 years and
has fuelled many landmark clinical trials that have given definitive answers.
The recommendations made in the present guidelines are based on clinical
trials that have already been published. There are many trials that are in
progress and planning, and these will no doubt provide new information and
evidence to guide future recommendations and guidelines [20].

Some of these new and ongoing HF trials are:
• HF-ACTION: Heart Failure - A controlled trial investigating outcomes of

exercise training
• AF-CHF: Atrial fibrillation in congestive heart failure
• WARCEF: Warfarin versus aspirin in reduced cardiac ejection fraction
• RED-HF: Reduction of events with darbepoetin alpha in heart failure
• I-PRESERVE: Irbesartanin heart failure with preserved systolic function
• UNLOAD: Use of nitroprusside in left ventricular dysfunction and

obstructive aortic valve disease
• STICH: Surgical treatment for ischemic heart failure
• RAFT: Resynchronization /defibrillation for advanced heart failure trial
• REVERSE: Resynchronization reverses remodeling in systolic left ventric-

ular dysfunction
• MADIT-CRT: Multicentre automatic defibrillator implantation cardiac

resynchronization therapy trial 

Conclusions

The provision of optimal care to patients with HF presents many challenges
to the patient, their family or caregivers, the physician, other healthcare
providers, and healthcare systems. Practicing guidelines provide support for
physicians and other healthcare professionals concerned with the manage-
ment of HF patients. They also provide advice on how to manage these
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patients. Documented and published evidence on diagnosis, efficacy, and
safety is the main basis of these guidelines. An organized system of specialist
HF care improves symptoms and reduces hospitalization and mortality.
Multidisciplinary disease-management programs for patients at high risk for
hospital admission or clinical deterioration are recommended to facilitate
the implementation of practice guidelines [7].
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Determination of Left Ventricular Contractile Reserve 
by Dobutamine Stress Echocardiography To Predict the
Response to CRT

CARMINE MUTO, BERNARDINO TUCCILLO

Introduction

Cardiac resynchronization therapy (CRT) has been shown to be a useful
therapeutic option to improve the symptoms, functional capacity, and prog-
nosis of patients with severe heart failure (HF). However, 20–30% of patients
do not respond to this form of therapy, underscoring the need for additional
selection criteria to identify potential responders. The aim of this study was
to investigate the value of low-dose dobutamine stress echocardiography
(DSE) to predict reverse remodeling after CRT.

Methods

Forty-two patients with HF (33 males, 10 females; age 65 ± 9 years) with left
ventricular ejection fraction (EF) < 35%, NYHA class III–IV, and with QRS
duration > 120 ms participated in the study. All patients underwent echocar-
diographic evaluation, including left ventricular volumes and EF before CRT
and 6 months after implantation.

A 15% reduction of end-systolic volume after 6 months of CRT defined
reverse remodeling. Prior to CRT, intra-left-ventricular asynchrony (LLD)
was defined as a delay between the septum and posterior wall ≥ 130 ms, as
determined by M-mode echocardiography. A left contractile reserve shown
by DSE to be ≤ 20g/kg min was defined as an increase in EF ≥ 10%.
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Results

After CRT, reverse remodeling was observed in 25 (59.5%) patients (R group)
whereas 17 (40.5%) (NR group) did not respond to therapy. At baseline, there
were no significant differences between the two groups regarding in end-sys-
tolic volume (160 ± 64 ml vs 168 ± 56 ml, n.s.), end-diastolic volume (213 ±
75 ml vs 230 ± 65 ml, n.s.), and EF (26 ± 6% vs 27 ± 7%). Contractile reserve,
evaluated by DSE was present in 100% (25/25) of patients in the R group
while LLD was present in 92% (23/25).

Among the 17 patients in the NR group, contractile reserve was present in
47.2% (8/17) while a LLD was found in 29.4% (5/17). The percent contractile
reserve and the percent LLD were significantly higher in R patients than in
NR ones (p < 0.0001). Reverse remodeling was significantly related to con-
tractile reserve (r = 0.63; p < 0.00001) and to LLD (r = 0.65; p < 0.00001).
Multivariate logistic regression including QRS duration showed that contrac-
tile reserve (OR: 11.2; CI: 6.2–19.8; p < 0.001) and LLD (OR: 18.1; CI:
4.4–16.8; p < 0.00005) were independent predictors of reverse remodeling.

Conclusions

Our results show that contractile reserve, as evaluated by DSE, is a useful tool
to predict reverse remodeling after CRT. Echocardiographic selection of
patients for CRT should thus include the determination of LLD and contrac-
tile reserve.
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Focus on Optimization of Cardiac Resynchronization 
Therapy Techniques

MAURIZIO LUNATI1, YANN POEZEVARA2, ANDREA BONCOMPAGNI3

Introduction

Although cardiac resynchronization therapy (CRT) is now a first-line thera-
py in moderate to severe congestive heart failure patients with broad QRS, a
number of treatment modalities remain open issues. Patient selection crite-
ria need to be further specified, as a broader population can probably benefit
from CRT. For instance, several clinical trials are currently addressing the
role of CRT in patients with narrow QRS, with mild heart failure (HF) symp-
toms, or with complete AV block to prevent HF development. But even in
those patients who meet current selection criteria, we need to further under-
stand some aspects of the treatment modalities to offer maximum benefit
from the therapy: Which location for the right ventricular (RV) and left ven-
tricular (LV) pacing leads offers the best resynchronization? How should
CRT parameters (AV and VV delays) be programmed to provide maximum
hemodynamic benefit? Answers to these questions are crucial to reduce the
number of non-responders to CRT, and to maximize the response to CRT by
the majority of patients. In this review we will focus on techniques to opti-
mize CRT programming.

Rationale for Optimization of CRT Parameters 

It is commonly admitted that roughly one-third to one-fourth of CRT-indi-
cated patients do not respond to the therapy, showing neither improved
quality of life nor increased exercise capacity. These were the results from

1Cardiology Department, Electrophysiology Unit, Niguarda Ca' Granda Hospital, Milan,
Italy; 2SORIN Group; Les Plessis Robinson Cedex, France; 3SORIN Group, Milan, Italy



landmark CRT trials (MUSTIC, MIRACLE, CONTAK CD, PATH CHF), which
demonstrated the efficacy of CRT on functional capacity, and is generally
confirmed by clinical experience. As none of those trials included atrioven-
tricular delay (AVD) optimization, and because right to left ventricle pacing
delay (VV delay) was introduced only in later devices, one can conclude that
CRT optimization will turn out to be a promising way to improve therapeutic
efficacy. However, since those landmark studies, a number of smaller clinical
trials have been carried out. Several studies included invasive contractility
measurements during different pacing configurations. Auricchio et al. found
that AVD was a significant determinant of all LV systolic parameters; also,
optimal AVD was found to be highly patient-dependent [1]. Compared to
conventional simultaneous biventricular pacing, sequential pacing using
VVD was observed to yield incremental benefit from 25 to 35% in terms of
contractility [2, 3]. Some authors found that, during CRT delivery, cardiac
performance is dependent mainly on an optimized AVD, whereas interven-
tricular delay (VVD) accounts for only about 25% of hemodynamic perfor-
mance [4]. Considering that programmed VVD affects the time to achieve a
global depolarization [5, 6], optimizing CRT should take into account simul-
taneous AVD and VVD optimization to determine the optimal AVD/VVD
combination.

Although data from these later trials need to be confirmed by long-term
follow-up studies, there is clinical evidence in favor of optimizing CRT para-
meters. The difficulty lies, of course, in assessing the combination of para-
meters tailored to each patient’s needs. Moreover, due to HF evolution over
time, patients usually need constant monitoring with continuous adjust-
ments of AVD and VVD to obtain the best clinical benefit [7, 8]. In the earli-
est era of resynchronization, “optimizing CRT” corresponded to selecting the
configuration with the narrowest QRS, but further definitive data demon-
strated no relationships between QRS duration and dyssynchrony in HF
patients [9]. For this reason, over time, many echocardiographic techniques
became the gold standard to optimize timing in CRT (optimal AVD and VVD
intervals).

Echocardiography

Leaving out the key role of patient selection in therapeutic success, echocar-
diography techniques represent the most reliable approach used today to
optimize CRT devices.

As a rule, echocardiographic Doppler is used to measure mitral inflow or
aortic outflow velocities [10] to evaluate different pacing conditions, from
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sinus rhythm to biventricular pacing at different AVD and VVD values. This
method takes into account the present hemodynamic performance of the
cardiac pump, providing, in turn, a direct evaluation of the benefit related to
the chosen optimal configuration. Extensive experience in echocardiography
has led to the widespread use of this method. However, performance is,
unfortunately, very operator-dependent.

Optimal conditions necessarily combine AVD and VVD to obtain the best
hemodynamic systolic and diastolic echocardiographic pattern. Several echo
measurements should then be evaluated, at each AVD interval for each VVD,
resulting (on average) in the need for 30 measurements. Moreover, AVD opti-
mization should be repeated at different pacing rates to obtain an optimal
value also during exercise [11, 12]. Last but not least, an optimal AVD-VVD
combination is a dynamic concept, implying the need for repeated optimiza-
tion procedures.

Nonetheless, echocardiographic techniques are time-consuming and bur-
densome procedures; they require skilled staff and are virtually impossible
to perform while the patient exercises [13]. Due to this lack of convenience,
it is very common in clinical practice that echocardiography-based CRT is
optimized only in non-responders to CRT, as a second chance.

Alternative methods have therefore been developed. These are based on
different technologies, with the aim to shorten optimization procedures and
to provide the possibility of easy long-term monitoring.

Hemodynamic Sensors

Many hemodynamic sensors, including pressure sensors and “chemical” sen-
sors (pH, temperature) were tested in the past, particularly at the time of
rate-response development in pacemakers. Most of them did not overcome
the technological challenge posed by the need for an implantable sensor with
adequate resistance to fibrosis and limited signal drift (de-calibration) over
time. Presently, the only such technology available in the field of CRT is the
peak endocardial acceleration (PEA) sensor.

During isovolumetric contraction and relaxation phases, the myocardium
generates mechanical vibrations; those vibrations are transmitted through
the entire cardiac muscle, independent of ischemia and wall thickness, and
can be measured as endocardial acceleration (EA) by an accelerometer sen-
sor placed in contact with the cardiac walls. The peak-to-peak amplitude
measured during isovolumetric contraction (PEA-I) corresponds to the first
heart sound (FHS) and is highly correlated with heart contractility [14]. In
fact, PEA-I is the principal component of PEA signals and, exactly like the
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FHS, represents mitral valve closure. Thus, it is very well-correlated with the
LV dP/dt max, in healthy as well as in failing hearts [15] and even during
atrial fibrillation [16]. The capability of a sensor embedded in the tip of a
right ventricular permanent pacing lead to detect PEA signal is well known
[17], but only in the past few years has it been used in the context of a CRT
device. This sensor offers the possibility of long-term monitoring of cardiac
contractility and can be used to optimize AVD and VVD.

According to the concept of FHS detection over different AV activation
sequences, a novel CRT device equipped with PEA sensor implements a pro-
prietary “AVD scanning algorithm” able to compute optimal AVD based upon
the evaluation of PEA-I [18]. In this CRT device, the procedure to optimize
the AVD is automatically launched every week, without the need of external
intervention. Moreover, the system is able to discriminate between the rest-
ing and exercise phases of the patient (by means of a standard gravimetric
accelerometer): every measured “optimal AVD” is then referred to the corre-
sponding heart rate. This allows the system to build up an “optimal AVD
curve” with respect to heart rate, enabling AVD optimization for all heart
rates.

PEA can also be used to automatically compute the optimal ventricular
pacing configuration (chamber/s and VVD), leading to a global CRT optimal
assessment. Evaluation of system performance in this regard (VVD opti-
mization) is currently ongoing.

IEGM-Based Method

A new method to determine an optimal CRT configuration has been recently
proposed [19] based on the observation that sequential ventricular pacing
with an appropriate VVD can further increase the mechanical efficiency of
the heart. This method is based on intracardiac electrograms (IEGM) and
consists of estimating optimal VVD. During the latter, the total LV activation
time is reduced, leading to synchronization of the activation pattern and of
mechanical contraction. The system measures the conduction delays
between all the following IEGMs: atrium to sensed IEGM from the LV lead,
atrium to sensed IEGM from the RV lead, pacing from the RV to the sensed
IEGM from the LV, pacing from the LV to the sensed IEGM from the RV
(interventricular conduction delay: pacing from one ventricle to sensing
from the other = “correction factor”). The optimal VVD is defined by adding
the correction factor to the difference between the atrial and RV IEGM (with
final multiplication by 0.5). This method has been tested in acute conditions
only and remains to be evaluated in chronic conditions.
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Similar to the way described for optimal VVD calculation, the IEGM
method can also be applied for optimal AVD setting, by considering the
intra-atrial delay, and measured in the same way as previously described for
VVD [20].

The main limitation of this approach is that optimization of CRT para-
meters is based only on conduction times. For the same reason that the QRS
width does not well-reflect the mechanical dyssynchrony of the heart, analy-
sis of conduction times does not indicate the improvements in contractility
that can be expected from CRT.

Conclusions

Echocardiography is currently considered to be the gold standard for CRT
optimization, as it is the most accurate and widespread technique. A proper
analysis should include both AVD and VVD optimization and tissue Doppler
imaging to evaluate the reduction in intra-ventricular dyssynchrony.
However, there is no consensus on the best method to use, and echocardiog-
raphy can only provides isolated assessment with the patient at rest. For those
reasons, it has a limited role in the day-to-day management of CRT patients,
which would ideally require CRT optimization during patient daily activities
and repeated on a regular basis. To meet these important expectations [21],
researchers will need to focus on the development of implantable sensors
such as the PEA, which is capable of continuously monitoring patient status
and of providing a quick and reliable method for CRT optimization.
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Evaluation of the Clinical State of Cardiac Resynchronization
Therapy Patients by Continuous Heart-Failure Monitoring

HENRI BENKEMOUN, BERTRAND COLOMBO, JEAN SACREZ, PHILIPPE LAGRANGE,
PHILIPPE CABROL, GABRIEL ROBERT, MARC MOULICHON

Introduction

Heart failure is a major and growing public health problem, affecting more
than 22 million people worldwide. Despite effective drug therapies, the mor-
bidity and mortality associated with heart failure remain unacceptably high.
Increasing numbers of heart-failure patients are receiving device-based ther-
apy, either cardiac resynchronization therapy (CRT) alone or cardiac resyn-
chronization therapy with an implantable cardioverter-defibrillator (CRT-
ICD). Over 60,000 patients around the world were supplied with a CRT sys-
tem in 2006 alone.

In the USA, heart failure is the most common cause for hospitalization
among patients over 65 years of age [1–3]. In many developed countries
besides the USA, heart failure is one of the most costly diseases in health
care budgets, with 70% of the expenses going to the treatment of decompen-
sation due to acute heart failure [4]. The factors contributing to hospital
readmission as a result of heart failure include noncompliance (33%), inade-
quate follow-up (20%), and the patient’s failure to seek medical attention
when experiencing worsening symptoms (20%) [5].

Although regular monitoring of heart-failure patients is recommended in
management programs [6], none of these measures has shown conclusive
impact on morbidity associated with this condition [7, 8].The ability to bet-
ter monitor the clinical status of heart-failure patients may provide an early
warning of decompensation, help to reduce hospitalization rates, and
improve patient quality-of-life. The latest generation CRT devices offer tools
to detect changes in clinical status (symptoms or clinical parameters) and to
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provide this information to medical staff. Both sides of this new approach of
diagnosis and evaluation of CRT patients by continuous monitoring of heart
failure are aimed at detecting changes in clinical status and providing the
tools with which to communicate them.

Tools To Detect Changes in Clinical Status (Symptoms or Clinical
Parameters)

Automated Monitoring of Intrathoracic Impedance by an Implantable Device

Patients with heart failure are frequently hospitalized for fluid overload.
Measuring intrathoracic impedance in patient with a special CRT-ICD device
implanted in the left pectoral region is a reliable method to identify fluid
overload [9]. Intrathoracic impedance decreases before each decompensa-
tion by an average of 12.3% over an average of 18 days. Impedance reduction
begins 15.3 days before the onset of worsening symptoms. There is an
inverse correlation between intrathoracic impedance and pulmonary wedge
pressure, and between intrathoracic impedance and net fluid loss during
hospitalization.

Regular monitoring of intrathoracic impedance may provide an early
warning of impending decompensation. The algorithm proposed for the
detection of intrathoracic impedance reduction produces 1.5 false-positive
detections per patient-year of monitoring.

Heart-Rate Variability Measured by an Implanted CRT Device

Long-term, continuous heart-rate variability (HRV) can be measured from
an implantable CRT device [10]. Continuous HRV is measured as the stan-
dard deviation of 5-min median atrial-atrial intervals (SDAAM) sensed by
the device. SDAAM < 50 ms when averaged over 4 weeks is associated with
an increased mortality risk. Moreover, SDAAM was found to be persistently
lower in patients who required hospitalization. SDAAM decreases a median
of 16 days before hospitalization for decompensation due to acute heart fail-
ure and returns to baseline after treatment. Automated detection of decreas-
es in SDAAM has a sensitivity of 70% in detecting cardiovascular hospital-
ization, with 2.4 false-positives per patient-year of follow-up.

These reports indicate that continuous long-term SDAMM is a useful tool
in the clinical management of pat ients w ith chronic heart failure.
Neurohormonal activation, as suggested by a decrease in SDAAM, occurs
several days to weeks before patients decompensate enough to require hospi-
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talization. This finding provides insight into the autonomic mechanisms of
heart-failure physiopathology. In addition, autonomic markers, when contin-
uously measured by implanted CRT devices, offer meaningful information
that may be useful in the day-to-day management of heart failure patients.

Other Parameters Measured by CRT Devices

Body-weight scale, reflecting fluid status and blood pressure, can be mea-
sured by the patients and integrated into the data transmitted to the clinical
center. Patient activity, as measured by the activity sensor of the CRT device,
as well as quality of life issues, atrial fibrillation burden, percentage of CRT
delivered, and premature ventricular complex are other relevant parameters
that can be evaluated.

Tools To Communicate

Different systems and approaches are used to transmit information to the
general practitioner and/or the heart-failure specialist. Data from the device
collected are communicated automatically or not and continuously or not,
depending on the extent of patient compliance. Some systems use a call cen-
ter to answer patients’ questions. In the future, remote access for pro-active
care will be technically possible.

Conclusions

The new CRT devices are expected to improve patient care with respect to
preventing decompensation induced by acute heart failure. Additional bene-
fits include reduced hospitalizations and heart-failure cost burden and
improvements in the patient’s quality-of-life. The optimal sensor to detect
changes in clinical status and the best way to transmit the collected data are
still being debated. Ultimately, the best tool to detect heart failure using a
CRT device may be an association of different sensors that monitor each
other. The energy spent to collect and send the data is a key point and poses
a challenge to medical engineering. Evaluation of the clinical state of CRT
patients by continuous heart failure monitoring will eventually become the
responsibility of the physician. These considerations imply that, on the one
hand, clinicians must change their perception of treating heart-failure
patients and, on the other, industry has to not only supply clinicians with
more specific and sensitive tools but also educate them regarding their use.
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Predicting Heart Failure Events in CRT Patients:
Future Challenges

ROBERTO MANTOVAN1, DANILO CONTARDI2, VITTORIO CALZOLARI1, MARTINO CROSATO1,
ZORAN OLIVARI1

Background

Advanced heart failure (HF) and related acute decompensations have
become the single most costly medical syndrome in cardiology. HF leads to
frequent re-hospitalizations: in the US alone, yearly HF hospitalizations
number more than 1 million [1]. A recent analysis carried out in all
European countries led to the conclusion that 75% of all HF-related costs
have to be attributed to HF hospitalizations [2].

Although HF is a syndrome that trends to become chronic, it does not
evolve gradually. In HF patients, phases of relative stability alternate with
acute exacerbations that frequently lead to HF hospitalizations [3]. Thus, the
ability to “predict” acute events implies an ability to improve patients’ quality
of life (QoL) and prognosis.

Many clinical and instrumental variables are limited (or of limited use-
fulness) in predicting HF evolution, as they are often influenced by psycho-
logical and subjective factors (dyspnea, QoL, NYHA class) or only able to
describe the clinical status at follow-up (echocardiographic exam, effort test,
6’ WT, etc.). There are indeed useful variables to define a worsening profile
(edema, body weight) but the “predictive delay” is often very short (2–3
days).

Thus predicting HF events remain a challenge to HF specialists. In this
brief report, we focus our attention on HF patients with indications for car-
diac resynchronization therapy (CRT). In addition, we provide an overview
of the potential/real application of several sensors on-board CRT devices
that allow the early identification of acute HF events.

1Cardiovascular Department, S. Maria dei Battuti Hospital, Treviso, Italy; 2SORIN
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The prediction of acute HF events in the population of patients indicated
for CRT has been facilitated by the availability of common sensors technolo-
gies in CRT devices. Among them, we discuss the few sensors used in pilot
experiences or which have given interesting preliminary results.

Heart Rate Variability

Several reports have been recently published about the usefulness of heart
rate variability (HRV) in determining the prognosis of HF patients. A first
significant positive experience was reported by Adamson [4] in a 1-year fol-
low-up of 370 CRT patients of NYHA class III/IV. The prognostic value of
HRV in terms of RR variability measured by the CRT device was demonstrat-
ed through SDAAM, defined as the average value of the standard deviation of
5-min RR interval clusters. A markedly depressed HRV was significantly
associated with “major HF events” (HF hospitalizations or death due to HF).
More recently, the HF-HRV Registry [5] reported a significant association
between HRV and clinical outcome in a population of 1,421 CRT patients.
Whether the reverse relationship (reduced HRV and worse clinical profile)
also holds remains to be demonstrated. An Italian observational report on a
large CRT-ICD population (INSYNC ICD Registry) [6] found the same trend
of HRV over time (as measured by implanted CRT-ICDs) in patients of dif-
ferent NYHA classes, but at significantly higher levels in NYHA class II
patients (Fig. 1).
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Fig. 1. Trend of SDAAN (specific
measure of HRV defined as the
average value of the standard devi-
ation of 5-min RR interval clusters)
in 509 CRT patients over a 1-year
follow-up. The same profiles were
obtained over time, but at different
levels of variability according to the
different NYHA class (significantly
higher for class II than for class
III/IV)



Implantable Hemodynamic Sensor

Several years ago, an implantable hemodynamic monitoring system, the
Chronicle (Medtronic), was realized and implanted in small cohorts of HF
patients. The subcutaneously implanted device (similar to a cardiac pace-
maker) was connected to an implantable lead placed in the right ventricular
outflow tract and was equipped with a hemodynamic sensor able to estimate
left ventricular pre-load by measuring pulmonary artery pressures. The
technical feasibility of this approach was successfully tested [7]. Furthermore
“in deep” safety and efficacy aspects were also tested. The Compass HF ran-
domized efficacy trial [8] showed that this implantable system, together with
a home monitoring network that directly alerts the physician when an
“event” is foreseen, was able to reduce HF events by 22% vs controls on a 6-
month follow-up basis (Fig. 2).

Chronicle systems have been confirmed to provide objective hemody-
namic and associated clinical data, both in real-time via a programmer and
by telephone hook-up to a central computer site where data can be viewed
via the Internet. With the use of monitoring parameters, appropriate and
timely interventions can be initiated to ensure optimal patient outcome. The
impact of this technology, however, on the mortality and morbidity of
patients with HF has not yet been established. Further testing in larger clini-
cal trials specifically designed to evaluate patient outcome and QoL is there-
fore needed. Nevertheless, preliminary results are encouraging, such that
implantable monitoring may be a step in the management of patients with
HF that moves beyond traditional care-delivery systems.
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Fig. 2. Efficacy objective of the Compass heart HF randomized trial: reduction of heart
failure (HF) events by prediction. A hemodynamic, implantable monitoring system
(Chronicle) vs controls: event rate at short-term follow-up. *Hypothesized event rate=1.2



Fluid Overload Sensor

Significant results were obtained with the Optivol (Medtronic) diagnostic
system, which is currently indicated in patients in whom CRT-D is indicated.
Optivol performs daily measurements of intrathoracic impedance in order to
estimate fluid overload in that region, as that finding is often one of the ear-
liest signs of worsening HF. The concept behind the Optivol sensor is very
simple, but powerful: the lower the intrathoracic impedance, the higher the
fluid overload.

To date, the most interesting data were reported by Yu [9] in a study of 33
HF patients, NYHA class III/IV, who were observed for 20 months. The sensi-
tivity of the Optivol sensor (correct detection of true HF events) was 76.9%,
with a predictive delay of 15.3 ± 10.6 days. However, the specificity (rejection
of false HF events) of the system was not satisfactory, since an average of 1.5
inappropriate visits/patient per year of observation was determined.

Transvalvular Impedance Sensor

Only limited animal studies have been carried out for bio-impedance sen-
sors. An abstract was recently published that described the implantation of a
pacemaker (Sophos, Medico) in sheep. The system was equipped with special
algorithms to derive intracardiac impedance values. The authors claimed
[10] that the sensor was able to accurately detect changes in right ventricular
volumes and to directly compute the contractility-derived rate during
inotropic (isoproterenol) stimulation. So far, however, no convincing human
test results have been published.

Workload and Ventilatory Dynamics

Taking advantage of already available sensors technologies in cardiac
implantable devices, some researchers have attempted to use the close rela-
tionship between physical activity and ventilatory dynamics [11], which is
thought to be very relevant in the context of progressively failing hearts.

A recent retrospective evaluation concerned patients implanted with a
CRT-pacemaker who were included in the DESIRE clinical trial (n = 49 HF
patients in NYHA class III/IV, with narrow QRS < 150 ms). In this trial,
information regarding capacitive accelerometer and minute ventilation was
obtained from two commonly used sensors and fed to an expert system. A
day by day “functional status flag” was thus obtained in which -1 = worsen-
ing, 0 = stable, and +1 = improving. Accordingly, the system, called “Diag-
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Phy” (physiological diagnosis), was able to store an alert in PM memory. All
stored alerts were retrospectively compared to real HF events reported in the
clinical files of the respective patients. This permitted evaluation of: (1) the
performance of Diag-Phy in terms of sensitivity, specificity, negative/positive
predictive values (NPV/PPV); and (2) the predictive delay of Diag-Phy,
defined as the time-distance (days) between the alert and the real event.

The impressive results, still retrospective, were recently published [12]: 25
real HF events (documented by clinical files) were reported in 16 of 49
patients. The sensitivity/specificity of the expert system was, respectively, 88
and 95%, whereas the PPV/NPV was, respectively, 71 and 98%. The predictive
delay, measured by true events, was 14 ± 10 days (min = 3, max = 30 days).
The authors of the study concluded that an analysis of the daily variations in
minute ventilation and physical activity offers a simple and reliable method
to predict acute HF events, and thus to reduce HF-related hospitalizations
(see example in Fig. 3).
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Fig. 3. Trend over time (day by day) of ventilatory dynamics (MVR, minute ventilation
at rest; MVA maximum minute ventilation) and physical activity (W, patient’s work-
load measured by accelerometer sensor). The patient in this example was hospital-
ized (HFH) due to progressive dyspnea and signs of heart failure (HF). This event
could have been predicted by the expert system with a 30-days “predictive” delay
(Alert)



Future Perspectives

Several hemodynamic sensors, with very different approaches, limitations,
and efficacies, have been tested to date. Of those technologies potentially
applicable to CRT devices, BEST (SORIN Group) is a very well-known accel-
eration sensor able to measure mechanical heart vibrations when placed in
contact with the heart walls. The signal generated by the sensor is referred to
as the PEA (peak endocardial acceleration), and it is based on a technology
developed by the manufacturer more than 15 years ago. The sensor mimics
phonocardiography in that it measures the amplitude and timing of heart
vibrations induced by the opening and closing of the cardiac valves (Fig. 4).
The different components of the PEA signal have been investigated during
the last 10 years, leading to the conclusion that PEA-I (principal component,
expression of the mitral valve closure) is very well correlated with left ven-
tricular dP/dt in both healthy and failing hearts [13]. This is the reason why
PEA-I is considered to be a reliable monitor of cardiac inotropic status
(intrinsic contractility), one of the major variables that describe the mechan-
ics of the heart.
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Fig. 4. Correspondence between peak endocardial acceleration (PEA) signal compo-
nents and left ventricular pressure. The sensor tracks the vibrations induced by the
isovolumetric phases of cardiac contraction. The PEA-I component is significantly
correlated with the left ventricular pressure gradient (LV dP/dt)



Researchers today are directing their efforts towards the integration of
predictive technologies with hemodynamic sensors in order to develop
approaches that can be used in routine clinical practice.

Future ICD platforms will be aimed at predicting HF events by means of
expert systems able to process several signals on a daily basis: respiratory
variables (Optivol, Diag-Phy, transthoracic impedance), autonomic variables
(HRV, others), cardiac contractility (PEA signal, intracardiac impedance),
and left ventricular pre-load estimation (e.g., the Chronicle experience). The
real issue is to fine-tune the expert system in order to correctly classify and
prioritize the information coming from multiple sensors, mainly to avoid
false-positives (which lead to a high rate of inappropriate visits to the
respective implant centers). For this reason, one of the required features of
such systems is “auto-learning” (i.e., the system tunes itself automatically). In
this context, fuzzy logic and neural networks may act as optimal partners in
future monitoring systems.

Conclusions

Several implantable sensors are able today to accurately track the evolution
over time of cardiac, metabolic, and ventilatory variables, which provide the
basis for identifying (possibly at a very early stage) trends toward the occur-
rence of an acute HF event.

Considering the sudden instability of HF patients, instead of obtaining a
clinical image when they present for follow-up, current CRT-Ds can take
advantage of the enormous diagnostic value of the sensor-generated infor-
mation to continuously describe the clinical profile of HF patients from fol-
low-up to follow-up.

True hemodynamic implantable sensors together with auto-learning soft-
ware (and, of course, remote monitoring networks) are the last barriers to
making monitoring systems totally autonomous regarding their ability to
predict HF events at early stages, with the aim of reducing HF-related hospi-
talizations and their tremendous impact on health-care costs, patient QoL,
and prognosis.

Clinical trials to evaluate this technology are on-going, and the prelimi-
nary observations have been very promising.
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Use of Fluid Accumulation Monitoring in HF Patients

SAVERIO IACOPINO1, ROSSELLA ALEMANNI1, ANTONELLA TALERICO1, GENNARO FABIANO1,
SERGIO CANONACO2, FRANCESCO BORRELLO1

Introduction

Decompensated heart failure (HF) is the leading cause of hospital admis-
sions for US Medicare patients. Early detection of intrathoracic fluid accu-
mulation may reduce the morbidity and mortality associated with cardiac
decompensation. Much of the medical costs incurred by decompensated HF
patients are related to hospitalization and rehospitalization [1]. Therefore,
monitoring pulmonary fluid status may be valuable in detecting early
decompensation, and the following adjustment of medical therapy may pre-
vent hospitalization. The new generation of cardiac resynchronization thera-
py devices, biventricular implantable cardioverter-defibrillators (ICDs;
Medtronic, Minneapolis, MN, USA), permit intrathoracic impedance mea-
surements and thus the detection of changes in pulmonary fluid status. The
feasibility of the InSync Sentry device was recently reported by Yu et al. [2],
who demonstrated an inverse correlation of intrathoracic impedance and
pulmonary capillary wedge pressure with fluid balance. Furthermore, in
these devices, an audible alarm (the OptiVol alert) can be triggered when a
decrease in intrathoracic impedance indicates pulmonary fluid accumulation
secondary to left-sided HF. Accordingly, these new devices may detect HF in
the preclinical phase, which may allow the adjustment of therapy and there-
by obviate the need for HF-related hospitalization. Therefore, the aim of this
study was to evaluate the clinical value of this alarm for patients with
decompensated HF.

1Cardiovascular Department, Electrophysiology Unit, Sant’Anna Hospital, Catanzaro;
2Medtronic Italia, Sesto San Giovanni (MI), Italy



Methods

The series consisted of 106 consecutive patients with severe HF who received
InSync Sentry or Concerto biventricular ICDs. Patients were selected accord-
ing to the traditional criteria for cardiac resynchronization therapy:
advanced HF (New York Heart Association class III or IV), depressed left
ventricular (LV) ejection fraction (< 35%), and prolonged QR duration (>
120 ms). Patients with atrial fibrillation or previously implanted pacemakers
were included. The study protocol was as follows: before device implanta-
tion, the patient’s clinical status was assessed and echocardiography was per-
formed to measure LV ejection fraction. During follow-up, standard outpa-
tient clinic visits and biventricular ICD printouts were scheduled every 3
months. Patients were instructed to visit the hospital in case of OptiVol
alerts.

Device Implantation

A coronary sinus venogram was obtained, after which the LV pacing lead was
inserted. A 9-Fr guiding catheter was used to position the LV lead (Attain
OTW 4193-88, Attain Bipolar OTW 4194-88, Attain Starfix 4195, Medtronic)
in the coronary sinus. The preferred position was a lateral or posterolateral
vein [3]. The right atrial and ventricular leads were positioned conventional-
ly. All leads were connected to the InSync Sentry or Concerto biventricular
ICD.

Intrathoracic Impedance Monitoring

In OptiVol fluid-status monitoring, intrathoracic impedance is measured
every 20 min from 12 a.m. to 5 p.m. using an electrical-impulse vector that
travels between a lead in the right ventricle of the heart and the pulse gener-
ator. As a result, the electrical impulse passes through lung t issue.
Comparison of the daily average impedance values with a reference imped-
ance line allows the assessment of a trend line in the OptiVol fluid index
chart. OptiVol fluid-status monitoring is initiated 30 days after device
implantation to allow wound healing. As fluid accumulates in a patient’s
lungs, the OptiVol fluid index increases. If the condition is not resolved, and
the OptiVol index crosses a predefined threshold, an observation will be trig-
gered. If enabled, an OptiVol alert will also be audible from the implanted
device at a programmed time. If the fluid build-up has resolved and the
trend of the daily impedance value is at or greater than the reference imped-
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ance values, the OptiVol fluid index returns to zero. The OptiVol threshold
can be programmed at device implantation or at follow-up device checks. In
our analysis, the threshold was programmed at the default value of 60 Ω per
day, on the basis of clinical data for optimal sensitivity and low false-positive
rates [4].

Clinical and Biventricular ICD Monitoring

During follow-up, clinical status and biventricular ICD check-up were per-
formed every 3 months in the outpatient clinic. Based on the biventricular
ICD printouts, the OptiVol index trend and thoracic impedance were deter-
mined. Additional visits were planned in case of OptiVol alerts. In patients
who presented with an OptiVol alert, current hemodynamic status was eval-
uated with respect to patient history, drug use, physical examination, labora-
tory tests, and chest radiography. An alert was considered as true-positive
and follow-up visits were planned if significant HF needing medical adjust-
ment was confirmed.

Statistical Analysis

Continuous data are presented as mean ± SD; dichotomous data are present-
ed as numbers and percentages. The data were compared using the unpaired
Student’s t test for continuous variables and Fisher’s exact test for propor-
tions. For all tests, p < 0.05 was considered statistically significant.

Results

The baseline characteristics of the 106 patients included in this study (76
men; mean age 66 ± 12 years) are listed in Table 1. Device and lead implanta-
tion were successful in all patients and without major complications. All
OptiVol thresholds were set at 60 Ω per day, and an audible alarm was
enabled in all patients. During follow-up (mean 15 ± 5 months), 21 patients
presented with 32 OptiVol alerts. One patient presented with an alert 1 year
after implantation due to subclavian vein thrombosis. The mean time
between implantation and OptiVol alert was 269 ± 117 days. The mean maxi-
mal OptiVol fluid index was 109 ± 32 Ω per day. In only 13 alerts, clinical
signs and symptoms of HF requiring medication adjustment were present,
whereas in the remaining alerts these clinical signs and symptoms were
absent (p < 0.05). Only one patient with true-positive alerts had to be admit-
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ted for intravenous therapy. It is important to note that no patients were
admitted for acute decompensation after OptiVol alerts. The maximum
OptiVol index was significantly greater in patients with symptoms of HF
than in those without such symptoms (136 ± 39 vs 108 ± 41 Ω per day, p <
0.05). Evaluation of the biventricular ICD printouts did not result in the
detection of inappropriate elevation of the OptiVol fluid index.

Table 1. Patient characteristics (n = 106)

Variable Value

Age (years) 66 ± 12
Men/women 76/30
New York Heart Association functional class 2.6 ± 0.6

Etiology
Ischemic 75 (70%)
Nonischemic 31 (30%)
QRS duration (ms) 153 ± 37
Sinus rhythm 96 (90.6%)
Atrial fibrillation 8 (7.5%)
Paced 2 (1.9%)
Left ventricular ejection fraction (%) 24 ± 6
Left ventricular end-diastolic volume (ml) 214 ± 75
Left ventricular end-systolic volume (ml) 161 ± 77

Medication
Diuretics 102 (96%) 
Angiotensin-converting-enzyme inhibitors 99 (93%)
β-Blockers 83 (78%)
Spironolactone 56 (52%)
Digoxin 36 (33%)

Discussion

Decompensated HF is associated with high morbidity, mortality, and treat-
ment costs [1]. The ability to monitor pulmonary fluid status may permit the
early identification of decompensated HF, which in turn may reduce the
number of hospitalizat ions and improve pat ients’ quality of life.
Intrathoracic fluid-status monitoring was first tested in the Medtronic
Impedance Diagnostics in Heart Failure Trial (MID-HeFT) [2]. A consider-
able delay between the onset of symptoms and the initiation of therapy was
found. Evangelista et al.. [5] reported a mean delay from the onset of worsen-
ing symptoms to hospital admission of 3 days, and almost 30% of the
patients had delays > 5 days.
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The present findings demonstrate that OptiVol intrathoracic impedance
measurement may be a useful tool to prevent worsening HF symptoms. The
proposed threshold for the OptiVol fluid alert of 60 Ω per day is very sensi-
tive, but at the cost of low specificity, because more than half of the alerts
were false-positives. The maximum OptiVol index was significantly greater
in patients with symptoms of HF than in patients without these symptoms.
Consequently, increasing the threshold for the OptiVol alert provided a bet-
ter balance between sensitivity and specificity to predict decompensated HF.

In conclusion, with a cut-off value for the OptiVol threshold of 60 Ω per
day, a reasonable balance between sensitivity and specificity is obtained. Our
results confirm the clinical value of the Optivol alert for patients with
decompensated HF. These findings are relevant to the increasing number of
patients with HF who are being considered for device therapy.
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Performing Carotid Sinus Massage

ROBERTO MAGGI, MICHELE BRIGNOLE

Introduction

Carotid sinus syndrome is a frequent cause of syncope, especially in the
elderly. The initial evaluation for this condition consists of a patient history,
physical examination, standard electrocardiogram (ECG) and systemic
blood pressure measurement in the supine and upright positions. If the ori-
gin of syncope remains uncertain, carotid sinus massage (CSM) together
with the tilt test becomes the method of choice to unmask neuromediated
syncopes.

Performing Carotid Sinus Massage

Continuous ECG monitoring must be carried out during the test. Continuous
beat-to-beat noninvasive blood pressure monitoring is also important, as the
vasodepressor response is rapid and cannot be adequately detected with
devices that do not measure continuous blood pressure. After baseline mea-
surements, the right carotid artery is firmly massaged for 5–10 s at the ante-
rior margin of the sternocleidomastoid muscle at the level of the cricoid car-
tilage. After 1–2 min, if the massage on one side fails to yield a “positive”
response, a second massage is performed on the opposite side. If an asystolic
response is evoked, then the contribution of the vasodepressor component
(which may otherwise be hidden) is assessed by repeating the massage after
intravenous administration of atropine (1 mg or 0.02 mg/kg body weight).
The response to CSM is generally classified as cardioinhibitory (i.e., asys-
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tole), vasodepressive (fall in systolic blood pressure), or mixed. The mixed
response is diagnosed by the association of an asystole of ≥ 3 s and a decline
in systolic blood pressure of ≥ 50 mmHg on rhythm resumption from the
baseline value (Table 1).

In general, CSM is performed by one of two different methods:
• In the first, the massage is performed for a short time (usually 5 s) during

which the patient is in the supine position, and the result is defined as
positive if an asystole ≥ 3 s and/or a fall in systolic blood pressure ≥ 50
mmHg are induced [1–5]. Pooled data from four studies performed in
elderly patients with syncope showed a positive response rate of 35%
(235 of 663 patients) [1–4]. However, previous studies found that the
diagnosis may be missed in about one-third of patients if only supine
massage is performed [5, 6].

• In the second method, the “method of symptoms,” CSM is performed for
10 s with the patient in the supine position and then again for another 10
s with the patient in the upright position. The test is defined as positive if
during the massage the spontaneous symptoms are reproduced in associ-
ation with cardioinhibition and/or vasodepression [7–11]. In an intrapa-
tient comparison study [9], a higher positivity rate (49 vs 41%) in
patients with syncope and a lower positivity rate (5 vs 15%) in patients
without syncope were obtained with the “method of symptoms” than
with the first method. In a large population of 1,719 consecutive patients
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Table 1. Carotid sinus massage: classification of the positive responses

• Carotid sinus massage, baseline: asystole ≥ 3 s with reproduction of spontaneous
symptoms

• Carotid sinus massage after atropine: no further symptomsa

Mixed form

• Carotid sinus massage, baseline: asystole ≥ 3 s and fall in systolic blood pressure ≥ 50
mmHg with reproduction of spontaneous symptoms.

• Carotid sinus massage after atropine: milder symptoms due to systolic blood pres-
sure fall ≥ 50 mmHg

Dominant vasodepressor form

• Carotid sinus massage, baseline: reproduction of the spontaneous symptoms due to
systolic blood pressure fall ≥ 50 mmHg without asystole 

• Carotid sinus massage after atropine: unchanged

aIn this case, the vasodepressor reflex is absent or, if present, the patient is asymptomatic 



with syncope unexplained after the initial evaluation (mean age 66 ± 17
years), carotid sinus hypersensitivity was found in 56% and syncope was
reproduced in 26% [12]. The positivity rate increased with age, ranging
from 4% in patients < 40 years to 41% in patients > 80 years. The test was
positive only in the upright position in 49% of patients.
Whatever method is used, the importance of administering the massage

with the patient in the upright position, usually using a tilt table, has been
recognized [5, 6, 12, 13]. In addition to yielding a higher positivity rate com-
pared with supine massage only, upright massage allows for better evalua-
tion of the magnitude of the vasodepressor component and for better repro-
duction of symptoms. The vasodepressor component of the reflex was
underestimated in the past, but is actually present in most patients who
exhibit an asystolic response [13]. Correct determination of the vasodepres-
sor component of the reflex is of practical importance for the choice of ther-
apy. Indeed, pacemaker therapy has been shown to be less effective in mixed
forms with an important vasodepressor component rather than in dominant
cardioinhibitory forms [1, 14]. The syndrome is misdiagnosed in half of the
patients if CSM is not performed in the upright position.

The main complications of CSM are neurological [15]. In three studies,
neurological complications were reported in seven of 1,600 patients (5,000
massages), with an incidence of 0.45% [12]; in 11 of 4,000 patients (16,000
massages), with an incidence of 0.28% [16]; and in three of 1,719 patients,
with an incidence of 0.17% [12]. Even if neurological complications are rare,
carotid massage should be avoided in patients with previous transient
ischemic attacks or strokes within the past 3 months (except if carotid
Doppler studies have excluded significant stenosis) or in patients with
carotid bruits [15]. Rarely, CSM may elicit self-limited atrial fibrillation of
little clinical significance [17, 1]. Since asystole induced by the massage is
self-terminating shortly after the end of the massage, resuscitative measures
are not usually needed.

Recommendations According to the Guidelines on Syncope of the
European Society of Cardiology

Indications and Methodology

Carotid sinus massage is recommended in patients > 40 years of age with
syncope of unknown etiology after the initial evaluation. If there is a risk of
stroke due to carotid artery disease, massage should be avoided. Electrocar-
diographic monitoring and continuous blood pressure measurement during
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carotid massage are mandatory. Duration of massage for a minimum of 5
and a maximum of 10 s is recommended. Carotid massage should be per-
formed with the patient both supine and erect.

Diagnosis

The procedure is considered positive if syncope is reproduced during or
immediately after massage in the presence of asystole > 3 s and/or a fall in
systolic blood pressure ≥ 50 mmHg. A positive response is diagnostic of the
cause of syncope in the absence of any other competing diagnosis.

Diagnostic Value of Carotid Sinus Massage

There is considerable disagreement regarding the diagnosis of carotid sinus
syndrome (CSS); its reported prevalence ranges from 1 to 60% [1–4, 8–10,
19–21]. This discrepancy, which creates confusion and may lead to underesti-
mation of the real importance of CSS, is probably due to different interpreta-
tions of the results of CSM and the different indications for the test in the
clinical setting. This controversy may partly be resolved by considering
“spontaneous” and “induced” CSS separately. Thus, “spontaneous CSS” can be
defined as syncope that, by its history, seems to occur in close relationship
with accidental mechanical manipulation of the carotid sinuses and which
can often be reproduced by CSM. Spontaneous CSS is rare and accounts for
only about 1% of all causes of syncope [19–21]. By contrast, “induced CSS” is
more broadly defined and can be assumed to be present even though a close
relationship between manipulation of the carotid sinus and the occurrence
of syncope is not demonstrated. Thus, induced CSS is diagnosed in patients
who are found to have an abnormal response to CSM. Regarded in this way,
CSS is much more frequent, with 26–60% of patients affected by unexplained
syncope [1–4, 9–11]. Moreover, CSS may be responsible for many cases of
syncope or unexplained “falls” in older persons. Objections could be raised
that the latter definition lacks specificity and that several false-positive cases
could be misinterpreted as CSS, when the real cause of syncope is different.
However, this does not seem to be true; indeed, some observational and con-
trolled studies have shown that pacing therapy is able to reduce syncopal
relapses in patients with induced CSS [8, 20, 22–24]. In other words, the
results of therapy indirectly validate the utility and efficacy of extending the
indications for performing CSM according to the “method of symptoms.”

Unlike vaso-vagal syncope, which is present in young people, the preva-
lence of positive CSM progressively increases with age, suggesting a phys-
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iopathological role of age-related degenerative processes in the genesis of
the abnormal reflex. Since CSS is rare in persons under the age of 40, CSM
could be limited to people older than 40 years.

The association with orthostatic blood pressure drop is more common
than might otherwise be considered and suggests that an impairment of the
mechanism of adaptation to the upright position is frequently involved. CSM
is able to unmask this type of abnormality, which would not otherwise be
revealed by the standard orthostatic hypotension testing performed during
initial evaluation of syncope [6].

In conclusions, the systematic administration of “method of symptoms”
CSM testing reveals that CSS is a frequent cause of syncope, especially in the
elderly. Its rate is probably underestimated when the massage is not system-
atically performed in patients with syncope of uncertain origin after initial
evaluation.

CSS is misdiagnosed in half of the cases if the massage is not performed
with the patient in the upright position. The “method of symptoms”
approach is safe, with a complication rate similar to that of CSM performed
according to the “short time” method.

Correlation between Carotid Sinus Massage and Spontaneous Syncope

Recently, our group prospectively evaluated whether a cardioinhibitory
carotid sinus hypersensitivity (CSH) was correlated (and therefore could
predict) the clinical outcome and the mechanism of implantable loop
recorder (ILR)-documented spontaneous syncope [25]. The correlation of
spontaneous syncopal episodes with an abnormal ILR finding can be regard-
ed as a reference standard when an arrhythmia is suspected to have a role in
the genesis of syncope.

The study included 18 consecutive patients with suspected recurrent neu-
rally mediated syncope and a positive cardioinhibitory response during CSM
(maximum pause 5.5 ± 1.6 s) who had subsequent documentation of a spon-
taneous syncope by means of an ILR. The patients were compared with a 2:1
age- and sex-matched group of 36 patients with a clinical diagnosis of recur-
rent neurally mediated syncope and negative response to CSM, tilt testing,
and ATP test. Asystole > 3 s was observed at the time of the spontaneous syn-
cope in 16 (89%) of the CSH patients and in 18 (50%) of the control group (p
= 0.007). Sinus arrest was the most frequent finding among CSH patients but
not among controls (72 vs 28%, p = 0.003). After ILR documentation, 14 CSH
patients with asystole received dual-chamber pacemaker implantation; dur-
ing 35 ± 22 months of follow-up, two syncopal episodes recurred in two
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patients (14%) and presyncope occurred in another two patients (14%).
Syncope burden decreased from 1.68 (95%, confidence interval 1.66–1.70)
episodes per patient per year before to 0.04 (0.038–0.042) after pacemaker
implant (98% relative risk reduction).

In this study we found that a long asystole, mainly due to sinus arrest,
was the most frequent finding at the time of spontaneous syncope in patients
with cardioinhibitory CSH. In patients with a clinical diagnosis of suspected
neurally mediated syncope, the finding of a cardionihibitory response during
carotid sinus massage predicted, with a probability of 89%, that a long asys-
tolic reflex was also present at the time of the spontaneous syncope. The
finding of progressive sinus bradycardia followed by ventricular asystole
(types 1A and 1B of the ISSUE classification [26] was consistent with the eti-
ology of neurally mediated syncope. In the absence of a cardioinhibitory
CSH, the electrocardiographic findings at the time of spontaneous neurally
mediated syncope were heterogeneous, with bradycardia or asystole account-
ing for only approximately one-half of the syncope events [26].

The finding of asystolic syncope during spontaneous episodes forms the
background for the potential benefit of cardiac pacing in CSH patients.
Indeed, according to our study, cardiac pacing resulted in a 98% reduction of
the syncope burden during 3 years of follow-up.
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Performing Tilt Testing and Physical Countermaneuvers
Training

GIUSEPPINA M. FRANCESE, MICHELE M. GULIZIA

Introduction

Vasovagal syncope is a common clinical condition and has an estimated life-
time prevalence of 35% [1–3]. Although the disorder is episodic in nature, it
can be considered a chronic disorder since symptoms often occur over many
years due to recurrent episodes of (pre)syncope [1, 2], with deleterious
effects on patients’ quality of life [4]. A correct initial evaluation (history,
physical examination, supine and upright systolic blood pressure measure-
ment, ECG) in accordance with European Society of Cardiology Syncope
Guidelines [5] facilitates a diagnosis of suspected or certain neurally mediat-
ed syncope. In this case, additional, specific diagnostic tests should be per-
formed. Different diagnostic examinations are used in actual clinical prac-
tice to identify the syncope mechanism. These include carotid sinus massage
(CSM), tilt-table testing, and implantable loop recorder. In patients > 40
years of age, CSM can identify an abnormal response. This so-called carotid
sinus hypersensitivity is characterized by a ventricular pause lasting ≥ 3 s
and a fall in systolic blood pressure of ≥ 50 mmHg. However, carotid sinus
hypersensitivity is not diagnostic of carotid sinus syndrome (CSS); rather,
reproducibility is a crucial diagnostic element. If the latter is to be obtained,
the patient should undergo tilt-table testing under secure conditions in
order to prevent his or her injury from a fall.

Cardiology Department, Garibaldi-Nesima Hospital, Catania, Italy



Tilt-Table Testing

The gold standard diagnostic examination for neurally mediated syncope
has always been the tilt-table test. From 1986 to 1995, different test execution
protocols were proposed [6–10]. In 1994, Raviele et al. [11] proposed the use
of intravenous nitroglycerin infusion. With this protocol, 21 of 40 (53%)
patients with syncope of unknown origin had positive responses, with a
specificity of 92%. Ten of 40 patients (25%) had progressive hypotension
without bradycardia. The latter was classified as an exaggerated response
consisting of an excessive hypotensive effect of the drug. More recently,
Raviele et al. [12] used sublingual nitroglycerin instead of an intravenous
infusion. After 45 min of baseline tilting, 0.3 mg of sublingual nitroglycerin
was administered. With this protocol the overall rate of positive responses in
patients with syncope of unknown origin was 51%, with a specificity of 94%.
The main advantage of sublingual nitroglycerin is that venous cannulation is
not needed for patient testing. Recently, many clinicians have used a short-
ened protocol consisting of 400 µg of nitroglycerin spray administered sub-
lingually after a 20-min baseline phase. This method is known as the “Italian
Protocol”. Other drugs used as provocative agents during tilt testing include
isosorbide dinitrate [13], edrophonium [14], clomipramine [15], and adeno-
sine. In 1992, Sutton et al. [16] assessed the different hemodynamic respons-
es evoked by tilt-table testing and developed a classification that has been
successively modified (Table 1) [17]. In order to use the tilt test effectively in
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Table 1. New Vasovagal Syncope International Study (VASIS) classification. Adapted from
[17]

Type 1 Mixed. Heart rate falls at the time of syncope but the ventricular rate does
not fall to < 40 bpm or falls to < 40 bpm for < 10 s. Blood pressure falls
before the heart rate falls

Type 2A Cardioinhibition without asystole. Heart rate falls to a ventricular rate 
< 40 bpm for > 10 s but asystole of > 3 s does not occur. Blood pressure
falls before the heart rate falls

Type 2B Cardioinhibition with asystole. Asystole occurs for > 3 s. Blood pressure
fall coincides with or occurs before the heart rate fall

Type 3 Vasodepressor. Heart rate does not fall > 10% from its peak at the time of
syncope

Exception 1 Chronotropic incompetence. No heart rate rise during tilt testing 
(i.e., < 10% from the pre-tilt rate)

Exception 2 Excessive heart rate rise. An excessive rise in heart rate both at the onset
of the upright position and throughout its duration before syncope 
(i.e., > 130 bpm) 



the evaluation of therapeutic options, two conditions are needed: (1) a high
reproducibility of the test and (2) responses to the test that are predictive of
outcome at follow-up. The overall reproducibility of an initial negative
response (85–94%) is higher than the reproducibility of an initial positive
response (31–92%). In addition, data from controlled trials showed that
approximately 50% of patients with a baseline positive tilt test became nega-
tive when the test was repeated with treatment or with placebo [18].
Moreover, acute studies were not predictive of the long-term outcome of
pacing therapy [19]. These data showed that tilt testing aimed at assessing
the effectiveness of different treatments has important limitations (level A).

While the head-up tilt test is a safe procedure and the rate of complica-
tions is very low, in some patients the tilt-table test is negative even when
neurally mediated syncope is strongly suspected. In these circumstances and
when the interval between recurrences is measured in months or years, con-
sideration should be given to implantable ECG loop recorder (ILR). This
device is placed subcutaneously under local anesthesia, and has a battery life
of 18–24 months. It has a solid-state loop memory, and the current version
can store up to 42 min of continuous ECG. Retrospective ECG allows activa-
tion of the device after consciousness has been restored. The ILR may ulti-
mately become the reference standard, to be adopted when an arrhythmic
cause of syncope is suspected but not sufficiently proven to allow an etiolog-
ical treatment. Recently, ISSUE 2 study results have been published [20]. That
study examined the effectiveness of a new strategy for managing patients
with suspected neurally mediated syncope, apart from those with carotid
sinus syndrome. The strategy requires early implantation of an ILR, irrespec-
tive of tilt-testing results, and delay of therapy until after ILR documentation
of recurrent syncope and establishment of a mechanism for the spontaneous
syncope. ISSUE2 also demonstrated that the mechanism of spontaneous syn-
cope as documented by ILR is poorly correlated with the results of tilt-table
testing and not predicted by the results of an ATP test. Therefore, these tests
are of poor or no value in guiding specific therapy [21]. In another study
[22], Brignole et al. reported that older patients with unexplained syncope
are more likely than younger ones to have an indication for an ILR. In these
older patients, ILR has a higher diagnostic value and arrhythmia are more
likely detected and successfully treated. In asystolic neurally mediated syn-
cope documented by ILR, ISSUE-2 demonstrated that the pacemaker was
effective in reducing the 1-year first syncope recurrence rate from 33%
before implantation (ILR phase 1) to 5% after implantation (phase 2).
Moreover, the control non-asystolic group continued to have a 41% recur-
rence rate after the first recurrence of syncope, thus supporting that the
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pacemaker-mediated reduction was due to the beneficial effect of the pace-
maker itself and not to other factors. However, a formal controlled trial is
needed to confirm these findings.

Physical Counterpressure Maneuvers

Vasovagal syncope is preceded by prodromal symptoms in about two-thirds
of patients. During the prodromal phase, blood pressure falls markedly. This
fall usually precedes the decrease in heart rate, which may be absent at least
at the beginning of this phase. Hypotension is caused by vasodilatation in
the skeletal muscles due to inhibition of sympathetic vasoconstrictive activi-
ty. In normal and hypertensive subjects, isometric handgrip exercises are
able to induce a significant blood pressure increase, which is mediated large-
ly by endogenous catecholamine release. Muscle sympathetic nerve dis-
charge and vascular resistance increase during handgrip exercises by healthy
subjects. Physical counterpressure maneuvers have previously been shown to
be effective in stabilizing blood pressure in patients with autonomic failure.
Recently, Krediet et al. [23, 24] published reports on controlling or aborting
impending vasovagal syncope by leg crossing and muscle tensing. Brignole
et al. [25] found a comparable effect of isometric arm counterpressure
maneuvers. Several physical countermaneuvers have been proposed in the
management of orthostatic hypotension [26], such as the handgrip (maximal
voluntary contraction of a rubber ball taken in the dominant hand for the
maximum tolerated time or till complete disappearance of symptoms), arm-
tensing (maximum tolerated isometric contraction of the two arms achieved
by gripping one hand with the other and contemporarily abducting the arms
for the maximum tolerated time), and leg crossing (combined with maxi-
mum tensing of leg, abdominal, and buttock muscles for the maximum toler-
ated time). A randomized, controlled trial of physical countermaneuvers [27]
showed that education and physical counterpressure maneuvers performed
at the time of appearance of symptoms of impending syncope are effective in
reducing syncopal recurrences in young patients affected by vasovagal syn-
cope. This implies that isometric arm contraction is able to abort syncope in
most cases, even when the patient remains in the standing position. The
practical consequence is that when symptoms of impending syncope occur
the patient will have enough time to apply counterpressure treatment before
losing consciousness. In some cases, treatment will definitely abort the vaso-
vagal reaction, or at least delay syncope for the duration of the maneuver,
thus allowing enough time to initiate other maneuvers to abort syncope
(e.g., supine posture). The physical counterpressure trial also found that
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patients were able to enact a counterpressure maneuver in 98% of cases and
to relieve symptoms in 99% of these.

Counterpressure maneuvers can be regarded as a first-line treatment in
association with other conventional measures recommended by the interna-
tional guidelines for treating vasovagal syncope, namely, reassurance regard-
ing the benign nature of the condition, training in the recognition of pre-
monitory symptoms, avoidance of triggering events, the adoption of maneu-
vers to abort the episode (e.g., supine posture), and avoidance of volume
depletion and prolonged upright posture. ISSUE 3 is a new, multi-center,
prospective, randomized, controlled double-blind study aimed at assessing
the effectiveness of pacemaker therapy for prevention of asystolic neurally
mediated syncope. This study, in which physical counterpressure maneuvers
will be evaluated in older patients, will last until December 2010 [22].
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Implanting a Loop Recorder 

MICHELE BRIGNOLE

Holter Monitoring in Syncope

Episodes of syncope over the course of a 24-h Holter monitoring are rare.
The vast majority of patients have a syncope-free interval, which can be
measured in weeks, months, or years, but not days; therefore, symptom-ECG
correlation is seldom achieved with Holter monitoring. In an overview [1] of
the results of eight studies of ambulatory monitoring in syncope, only 4% of
patients (range between 1 and 20%) had a correlation of symptoms with
arrhythmia. The true yield of conventional ECG monitoring in syncope may
be as low as 1–2% in an unselected population.

An asymptomatic arrhythmia detected by Holter monitoring is often
used to make a diagnosis by inference. However, in the absence of symptom-
ECG correlation, ECG findings may be inappropriately maximized, leading to
unnecessary therapy, e.g., pacemaker implantation in a patient with vasomo-
tor syncope. Alternatively, symptoms may be inappropriately minimized by
physicians if Holter monitoring fails to yield any evidence of an arrhythmia.

Holter monitoring in syncope may be of greater value if symptoms are
very frequent (> 1 per week). Daily single or multiple episodes of loss-of-
consciousness might increase the likelihood of symptom-ECG correlation.
Nonetheless, experience in these patients suggests that many have psy-
chogenic blackouts. Undoubtedly, in such patients, true negative findings of
Holter monitoring may be useful in confirming the underlying cause.

Arrhythmologic Centre, Department of Cardiology, Ospedali del Tigullio, Lavagna
(GE), Italy



External Loop Recorder in Syncope

Conventional event recorders are external devices equipped with fixed elec-
trodes, through which an ECG can be recorded by direct application to the
chest wall. Provided the patient is able to comply at the time of symptom
occurrence, a high-fidelity recording can be made.

Recordings can be prospective, retrospective (loop recorders), or both.
Prospective external event recorders are of limited value in syncope because
the patient must be able to apply the recorder to the chest during the period
of unconsciousness and activate recording. Retrospective ECG allows activa-
tion of the device after consciousness has been restored.

External retrospective loop recorders, by contrast, show a higher diagnos-
tic yield in syncope. In one study [2], in 25% of enrolled patients syncope or
pre-syncope was recorded during the monitoring period, which lasted up to
1 month. However, since patients usually do not comply with external retro-
spective loop recorders for more than a few weeks, symptom-ECG correla-
tion cannot be achieved when the syncopal recurrence rate is less frequent.
In a recent study [3], the external loop recorder was not useful for diagnosis
of syncope in patients with 3 ± 4 episodes (more than 2) of syncope during
the previous 6 months, no overt heart disease, and a negative tilt test.
External loop recorders in syncope may be valuable if symptoms are fre-
quent (> 1 per month).

Implantable Loop Recorder in Syncope

The implantable loop recorder is placed subcutaneously under local anesthe-
sia, and has a battery life of 18–24 months. With this device, high-fidelity
ECG recordings can be made. Retrospective ECG allows activation of the
recorder after consciousness has been restored. Automatic activation is also
available if predefined arrhythmias should happen to occur.

In a preliminary clinical experience, implantable loop recorders were
used diagnostically in patients whose syncope still could not be explained at
the end of full conventional work-ups. Symptom-ECG correlation was
achieved in 88% of a small series of highly selected patients, within a mean
of 5 months of implantation [4]. In a larger series [5], correlation between
symptoms (syncope or pre-syncope) and ECG was achieved in 59% of 85
patients within a mean of 10 months of implantation. Syncope-ECG correla-
tion was achieved in 27% of patients and presyncope-ECG correlation in
32%; presyncope was much less likely to be associated with an arrhythmia
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than syncope and did not prove to be an accurate surrogate for syncope in
establishing a diagnosis. Pooled data from four studies [4–7] for a total of
247 patients with unexplained syncope at the end of a complete conventional
investigation showed a correlation between syncope and ECG in 84 patients
(34%); of these, 52% had bradycardia or asystole at the time of the recorded
event, 11% had tachycardia, and 37% had no rhythm variation.

In another study [8] 60 patients with unexplained syncope were random-
ized to “conventional” testing with external loop recorders and tilt and elec-
trophysiological testing or to prolonged monitoring with the implantable
loop recorder. The results showed that implantation of the loop recorder
during an initial phase of the work-up was more likely than conventional
testing to provide a diagnosis (52 vs 20%). However, patients at high risk of
life-threatening arrhythmias as well as those with an ejection fraction < 35%
were excluded.

Based on the preliminary experience involving patients with unexplained
syncope, monitoring with the implantable loop recorder may become the ref-
erence standard. This approach could be implemented when an arrhythmic
cause of syncope is suspected but not sufficiently proven to allow etiological-
ly directed treatment. There are several areas of interest that merit further
clarification:
• Patients in whom epilepsy was suspected but in whom treatment has

proven ineffective [9].
• Patients with recurrent and unexplained syncope and without structural

heart disease, when an understanding of the exact mechanism of sponta-
neous syncope may alter the therapeutic approach [6].

• Patients who have a diagnosis of neurally mediated syncope, when an
understanding of the exact mechanism of spontaneous syncope may alter
the therapeutic approach [6].

• Patients with bundle branch block in whom a paroxysmal AV block is
likely, despite a complete negative electrophysiological evaluation [10].

• Patients with definite structural heart disease and/or non-sustained ven-
tricular tachyarrhythmias in whom a ventricular tachyarrhythmia is like-
ly despite a completed negative electrophysiological study [11].

• Patients with unexplained falls [12].
The implantable loop recorder carries a high up-front cost of approxi-

mately € 1,500. However, if symptom-ECG correlation can be achieved in a
substantial number of patients, then analysis of the cost per symptom-ECG
yield might demonstrate that the implanted device is more cost-effective
than a conventional investigation [8].
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Diagnosis

Whatever the type of ECG monitoring used (Holter, external or implantable
loop recorder) the diagnostic criteria are similar: ECG monitoring is diag-
nostic when a correlation between syncope and an electrocardiographic
abnormality (brady- or tachyarrhythmia) is detected. Conversely, ECG moni-
toring excludes an arrhythmic cause when there is a correlation between
syncope and no rhythm variation. In the absence of such correlations, addi-
tional testing is recommended, with the possible exception of ventricular
pauses longer than 3 s when the patient is awake, or periods of Mobitz II or
3rd degree atrioventricular block in the awake patient, or rapid paroxysmal
ventricular tachycardia [13].

Presyncope may not be an accurate surrogate for syncope in establishing
a diagnosis; therefore, therapy should not be guided by presyncopal findings.

ECG Monitoring in Syncope: Where in the Work-up?

The role of ECG monitoring in syncope cannot be defined in isolation.
Physicians may be guided by the results of the patient’s clinical history and
physical examination as well as objective testing, for example, by tilt testing.
Knowledge of what transpires during a spontaneous syncopal episode is the
gold standard for syncope evaluation. For this reason, it is likely that
implantable monitors will become increasingly important in the evaluating
syncope and that their use will be incorporated into the diagnostic flow
instead of or before many other conventional investigations are carried out.
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Noninvasive Sudden Death Risk Stratification: Heart Rate
Variability and Turbulence, and QT Dynamicity

ANTONIO VINCENTI, STEFANO PEDRETTI

Heart-Rate Variability

General Considerations

Variability in sinus-rhythm pacemaker activity over time is a major physio-
logical characteristic of heart-rate behavior, and many cardiovascular and
metabolic conditions result in a change in heart rate variability. The numer-
ous studies of time- and frequency-dependent variability have improved our
knowledge of the physiological and pathological patterns of heart-rate vari-
ability (HRV). The standard deviation of 24-h mean RR value (SDNN), and
measurement of the total variance (or power) in the change of RR at high
(HF) and low (LF) frequencies are commonly used to estimate HRV. Power-
spectrum analysis (i.e. recording the distribution of power as a function of
the frequency at which it occurs) requires the transformation of time-series
data by means of advanced mathematical algorithms, generally the fast
Fourier transform (FFT) (Fig. 1), which is particularly useful in disclosing
the harmonic components of variability.

A high SDNN, high HF, and low LF/HF ratio are generally considered the
hallmarks of parasympathetic prevalence in autonomic balance; conversely,
low SDNN (< 100 ms), high LF, and a high LF/HF ratio (> 6) indicate sympa-
thetic prevalence [1].

Some studies have reported that the LF band is also influenced by
parasympathetic components. This is particularly evident in advanced con-
gestive heart failure (CHF), in which a low LF value is often observed.
Consequently, LF and the LF/HF ratio are less reliable in CHF patients [2, 3].
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Monza, Italy



More recently, multidisciplinary research investigations have sought to
clarify the behavior, mechanisms, and clinical relevance of “nonlinear com-
ponents” of HRV. Complex algorithms used elsewhere in the scientific field
to describe “chaos phenomena” have proven to be also relevant for HRV with
respect to the recursive, non-linear (fractal) behavior of heart beats [4].
Poincaré analysis, in which each normal-to-normal RR interval is plotted
against the subsequent normal-to-normal interval, is a simple representation
of this aspect of HRV. Another approach to estimating non-linear phenome-
na of HRV consists of examining the proportionality of RR variance in sam-
ples of different dimensions. Computational analysis yields a log-log linear
relationship between sample size and variability. The slope of this relation-
ship (called the fractal scaling component, α1) ranges between 0.5 (complete-
ly unpredictable variability) and 1.5 (brownian variability). An α1 value close
to 1 is the hallmark of the presence of a physiological, fractal-like signal,
which means perfect proportionality between the scale of the RR phenome-
na and the variance (what happens on a large scale seems to be repeated on a
small scale in a similar fashion) [5].

HRV and Survival

Evidence of the prognostic value of low SDNN in unselected patients with
previous myocardial infarction (MI) dates to results from the MPIP trial, in
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Fig.1. a Time domain representation of RR series, as proportion of beats in function of
RR duration. b FFT of RR time series, (short term sampling), showing two high-density
area in the HF and LF band
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1986 [6]. Later, the UK-Heart study [7] confirmed that in patients with CHF
who had a moderate risk profile (mean ejection fraction = 0.41), a value of
SDNN < 100 ms was associated with increased all-cause mortality, while
SDNN < 50 ms indicated a very poor prognosis.

The independent prognostic value of HRV in post-MI patients has been
confirmed in other studies, including those focusing on patients with pre-
served or reduced ventricular systolic function [8–10]. The prognostic value
of HRV, when determined long after the occurrence of MI, is less clear.
However, the Cardiac Arrhythmia Pilot Study (CAPS), the pilot study for the
Cardiac Arrhythmia Suppression Trial (CAST), reported that HRV measured
within 1 year post-MI continues to predict mortality during an approximate-
ly 2-year follow-up [11].

Recently reviewed data from the DEFINITE trial (non-ischemic dilated
cardiomyopathy, ejection fraction < 36%) [12] showed a high value of SDNN
in risk stratification, since patients in the upper tertile (SDNN >113 ms) had
a 0% mortality during follow-up compared to those in the lower levels
(SDNN 81–113 ms: 7%; SDNN < 81 ms: 10%). Of note, about one in four
patients was excluded from the analysis due to atrial fibrillation or a high
incidence (> 25%) of ventricular ectopic beats (VEBs); in this cohort, mor-
tality was the highest (17%; p = 0.03).

HRV and Arrhythmic Risk

The value of HRV in assessing the risk of sudden cardiac death (SCD) is less
well-defined. Reduced 24-h SDNN was present as a significant risk factor for
SCD in one study but not in others (including UK-Heart) [7, 14, 15]. There is
no evidence that low SDNN maintains predictive values after adjustment for
covariates [16]. With respect to frequency domain analysis, one study sup-
ported an independent value of low LF [< 3.3 ln(ms2)] in predicting SCD in
CHF, but only when derived from analysis (day-time) over a long period of
time [15]. Conversely, other studies reported that night-time low LF was an
independent predictor of SCD [17].

Nonlinear Methods

Concerning non-linear methods, univariate and multivariate analyses pro-
vided evidence that an abnormal Poincaré plot distribution is indicative of a
worse prognosis in CHF and SCD [14]. In another study, a low α1 value 
(< 0.9) was predictive of all-cause mortality in CHF [18].
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Heart-Rate Turbulence

General Considerations

By definition, heart-rate turbulence (HRT) refers to the physiological short-
term instability of sinus rhythm that follows the occurrence of a VEB [19]. In
normal subjects, HRT evolution is biphasic, with an initial shortening and
subsequent widening of the RR cycle; the whole phenomenon generally lasts
for 15–20 sinus beats. The physiological mechanism of HRT is believed to be
the baroreflex response to VEB and pause-determined hemodynamic pertur-
bations [20–22]. Classically, HRT is represented by a tachogram (Fig. 2) and
quantified by two parameters:
• Turbulence onset (TO), which is given by the formula:

TO =100 × [(RR+1 + RR+2)-(RR-2 + RR-1)]/(RR-2 + RR-1)
where a physiological initial acceleration in beats +1 and +2 results in a
negative TO; a positive TO is considered pathological.

• Turbulence slope (TS), which describes the maximum rate of RR increase
obtained by performing a linear regression in multiples of five consecu-
tive beat samples (from beat +1 to beat +15); the steepest regression
slope is by definition TS. The cut-off value for normal TS is > 2.5 ms/beat.
HRT is inversely correlated to initial heart rate [23–25], which may

reduce the reliability of absolute TO and TS values in unselected patients. TS
is also structurally linked to the number of ectopic beats and thus indirectly
to time-series length, since HRT is determined after averaging all RR values,
leading to smoothing of HR perturbations [26]. TS is inversely correlated to
the square root of the number of VEBs [27].

The influence of the VEB coupling interval (CI) on HRT magnitude is still
a matter of debate, since published data reported an inverse correlation
between CI and HRT in some cases [28, 29]. However, for other authors this
was confirmed only in subjects with a left ventricular ejection fraction >
0.40 [30], whereas still others found no correlation [24]. A few methods to
obtain more reliable HRT values have been proposed. These include:
• Re-scaling the tachogram by normalizing it either to a heart rate of 80

bpm before analysis [31] or to a combination of a cycle length of 800 ms,
duration of the time series, and number of VEBs [26].

• Quantification of the heart-rate dependence of TS by linear regression, as
proposed by Schmidt et al. [32] with the term “turbulence dynamicity”
(TD) (Fig. 3).

• Measuring HRT during ventricular programmed stimulation [33].
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Fig. 2. Tachogram representing HRT evolution, with beats nomenclature. The steepest
5-beat regression that gives TS value is also shown

Fig. 3. Schematic representation of TS/HR relation; the most negative slope of the linear
regression obtained with variable 10 bpm windows is by definition TD.Adapted from [34]



Furthermore, certain clinical conditions and therapeutic regimens have
been associated with worse HRT values, including previous myocardial infarc-
tion and reduced left ventricular systolic function [35]. Statin therapy seems to
improve TS, while the effects of beta-blockers therapy are controversial. HRT
is also reduced in diabetic patients with autonomic dysfunction [36–38].

HRT analysis shares with HRV some advantages: both are easily elaborat-
ed from Holter monitoring data, noninvasive, and low-cost. HRV has a
methodological limit in heart-beat series with high rates of ectopic occur-
rences, whereas this is not the case for HRT. Neither is valuable in patients
with atrial fibrillation. According to current opinion, once atrial fibrillation
patients are excluded, HRT can be determined in 90% of subjects [31].

Prognostic Value of HRT in Post-infarction

The overall prognostic value of HRT with respect to post-infarction mortali-
ty was described by post-hoc analysis of a few clinical trials. In the EMIAT
trial, multivariate analysis showed an independent prognostic value of TO,
TS, history of myocardial infarction, mean heart rate > 75 bpm, and ejection
fraction (EF). In the MPIP trial, only TS and EF were independent predictors.
In both trials, the combination of TO and TS was the most powerful predic-
tor of outcome.

Data from the CAST trial [39] showed that TS was the best predictor of
total mortality, irrespective of EF; after adjustment for covariates, only TS
and HRV were independent indicators, with HRV still dependent on TS [33].

The ISAR-HRT trial [40], involving 1,455 subjects with previous MI and
age below 76 years, was the first prospective study to evaluate HRT. The
results showed that a combination of altered TO and TS was as powerful as
EF as a prognostic indicator (RR = 6). The presence of pathological TO-TS
and EF < 30% identified a cohort with the highest mortality rate (40% in 2
years). A 44% sensibility and 23% positive predictive value (PPV) were
declared for the HRT study in post-MI patients with EF < 0.30, or > 0.30 in
the presence of diabetes or age > 65 years. TO and TS showed better trade-
offs for sensibility/specificity than SDNN or EF.

Concerning SCD in post-MI patients, the role of HRT is less well-estab-
lished.

In the ATRAMI trial, which enrolled also patients with EF > 0.40, abnor-
mal TS and TS-TO combined allowed the classification of high-risk subjects
(respectively, RR = 4.1 and RR = 6.9), with additional value given to stratifi-
cation according to SDNN and the baroreflex sensitivity index. Positive pre-
dictive value of abnormal TS was 12.5% with a sensibility of 40%, which was
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better than baroreceptors sensitivity (PPV = 7.8%) [41].
The FINGER trial [42] prospectively evaluated 2,130 patients with recent

(< 2 weeks) MI for a mean follow-up of 1,012 days. Cardiovascular mortality
at the end of follow-up was 5%, of which sudden death accounted for half.
After multiparametric noninvasive evaluation, only TS and nonsustained
ventricular tachycardia (NSVT) during Holter monitoring were independent
predictors of SCD, but this effect was abolished in the low EF subgroup (<
0.35), i.e., the group in which SCD predictors are highly desirable for thera-
peutic purposes.

Prognostic Value of HRT in CHF

In the UK-HEART trial [7], only TS was predictive of death for patients with
acute decompensation, but not of total mortality. In a recent publication on
symptomatic CHF patients, TS was predictive of death for progressive
decompensation, but not for SCD [43], since TO and TS were significantly
higher in patients who died suddenly.

Evidence of the predictive value of HRT in non-ischemic cardiomyopathy
is limited. Zareba reported an independent value of TS and EF in predicting
mortality in a small cohort, although SDNN was a more powerful mortality
stratifier [44].

It has also been reported that in a group of CHF patients with a prevalent
non-ischemic etiology, pathological TO or TS were correlated with a worse
prognosis (cardiovascular death and hospitalization for heart failure), but
were not statistically different in subjects who experienced major ventricular
arrhythmias in the follow-up. In that group, late potentials, T-wave alternans
analysis, and QT dispersion were altered [45].

QT Dynamicity

General Considerations

The term “QT dynamicity” refers to the physiological adaptation of electrical
repolarization to variations of the cardiac cycle in time, both under steady-
state and dynamic conditions. Some adaptive mechanisms are intrinsic to
the regulation of the electrophysiologic cycle in myocytes, which leads to a
linear regression between the QT and RR cycle (QT/RR relationship).
Indeed, QT/RR function does not fully describe the complex physiological
adaptation. Instead, several physiological non-steady-state phenomena, such
as autonomic drive, HRV, and physical exercise, confer additional variance to
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the QT/RR relationship. When considered as a time delay to the QT adapta-
tion, this variability is termed “QT hysteresis.”

Many pathological conditions can alter the complex relationship between
QT and cycle length, possibly leading to major rhythm disturbances, includ-
ing SCD. This explains the clinical interest in this phenomenon, in addition
to its use in SCD risk stratification.

QT/RR Regression

In recent years, a linear regression of QT with respect to the RR of the pre-
ceding cycle, as obtained from 24-h ECG registrations, has been the subject
of clinical interest for use in arrhythmic risk stratification. An increased
slope indicates hypercorrection of repolarization, which eventually exposes
to excessively long QT during bradycardia and increases excitable gap during
tachycardia.

Nevertheless, the QT/RR slope is particularly prone to intra- and inter-
subjects variability, which limits its standardization and use in clinical trials
and practice [46]. Moreover, scientific evidence on the stratification power of
QT/RR slope is limited. An analysis of QT/RR in subjects enrolled in the
EMIAT trial showed steeper regression in patients who died due to arrhyth-
mic causes than in controls, when evaluated in the morning hours [47].

QT Hysteresis

In normal subjects, physiologic HRV is coupled with QT variability after a
temporal delay. This phenomenon, known as “hysteresis,” is highly variable
between subjects and may last up to 3 min during cardiac pacing.

Chauan et al. [48] reported sex differences in the QT-interval dynamics
during exercise and recovery in healthy subjects. In women, there is greater
QT-interval shortening during accelerating heart rates and greater QT-inter-
val prolongation during decelerating heart rates. This results in greater QT-
interval hysteresis, possibly contributing to the higher prevalence of drug-
induced torsade de pointes in women.

Beat-to-Beat Variability of Repolarization

This process, often termed “QT variability,” refers to cyclic variations in
repolarization over time, either coupled or not to HRV. An automated QT
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variability algorithm based on a time series (e.g., Holter monitoring) has
been proposed [49]. It provides time-domain values, such as QT variance
(QTV, in ms2) and QTV as the log ratio between QTV and HRV (QTV index,
QTVI). A power-spectrum analysis of QT variability discloses the grade of
overlap between QT and HR spectra (coherence).

In that same study [49], patients with dilated cardiomyopathy were
shown to have greater QT variance than control subjects (60.4 ± 63.1 vs 25.7
± 24.8 ms2, p < 0.0001) and QTVI (-0.43 ± 0.71 vs -1.29 ± 0.51, p < 0.00010-
0.00012), the latter being directly correlated with NYHA functional class.
When matched with a reduced heart rate variance (6.7 ± 7.8 vs 10.5 ± 10.4
bpm2, p = 0.01), the coherence between heart rate and QT-interval fluctua-
tions at physiological frequencies was lower in DCM patients than in control
subjects (0.28 ± 0.14 vs 0.39 ± 0.18, p < 0.0001).

A more recent re-evaluation of MADIT-II trial data found that median
normalized QTV and QTVI were significantly higher in patients who experi-
enced VT/VF in the follow-up than in patients with clinically silent disease,
and conferred a higher events risk even after adjustments for covariates [34].
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Noninvasive Risk Stratification of Sudden Death:
T-Wave Alternans

ROBERTO F.E. PEDRETTI, SIMONA SARZI BRAGA, RAFFAELLA VANINETTI,ANTONIO LAPORTA,
SERGIO MASNAGHETTI, ROSSELLA RAIMONDO, MARIO SALERNO, FRANCESCO SANTORO

Introduction and Background

Sudden cardiac death (SCD) accounts for approximately 400,000 deaths each
year in the USA and remains a health problem of epidemic proportions.
Most SCDs are caused by fatal ventricular arrhythmias, i.e., ventricular
tachycardia (VT) and ventricular fibrillation (VF), in patients with and with-
out known structural heart diseases [1, 2]. Identifying patients at risk for
these arrhythmias remains a major challenge since < 2% of patients who
have sudden cardiac arrest are resuscitated and survive hospital discharge.
Given the large number of patients potentially at risk for developing ventric-
ular arrhythmias, any strategy for treating them prophylactically requires
efficient and effective risk stratification. A number of recently completed
randomized clinical trials showed that an implantable cardioverter defibril-
lator (ICD) can prevent SCD in selected high-risk patients. These trials have
used different methods for identify ing patients at risk for SCD. The
Multicenter Automatic Defibrillator Implantation Trial (MADIT) and the
Multicenter Nonsustained Tachycardia Trial (MUSTT) identified patients
with left ventricular (LV) dysfunction and nonsustained VT who had VT
induced by programmed ventricular stimulation [3, 4]. These two studies
demonstrated that implantation of an ICD can reduce the risk of death in
this group of high-risk patients. In contrast, in the Coronary Artery By-pass
Graft (CABG) Patch Trial, which identified a group of high-risk patients with
LV dysfunction and an abnormal signal-averaged electrocardiogram who
were undergoing elective CABG surgery, implantation of an ICD did not
reduce all-cause mortality [5]. Also, the Defibrillator in Acute Myocardial
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Infarction Trial (DINAMIT) did not show a survival benefit from an ICD in
patients who had a reduced left ventricular ejection fraction (LVEF) and
impaired cardiac autonomic function, 6–40 days after a myocardial infarc-
tion (MI) [6]. When viewed together, the CABG Patch Trial, DINAMIT,
MADIT, and MUSTT raise important issues about our understanding of
high-risk patients, and that not all high-risk patients benefit from ICD thera-
py. Based on these trials, the only patients in whom the prophylactic implan-
tation of an ICD proved beneficial were those identified by documented
spontaneous nonsustained or inducible sustained ventricular arrhythmias.

The publication of MADIT II radically changed our ability to identify
those patients who may derive benefit from the implantation of a prophylac-
tic ICD [7]. MADIT II aimed to evaluate the effects of an ICD on survival in
patients with prior MI (≥ 1 month before enrollment) and severe impairment
of LVEF (< 30%). The study population comprised 1,232 patients from 76
centers mainly in the USA. Patients were randomized with a 3:2 ratio to ICD
(742 patients) or conventional medical therapy (490 patients); the end-point
of the study was all-cause mortality. The main clinical and demographic
characteristics as well as medical therapy were not significantly different in
the two groups of patients. At a mean follow up of 20 months, mortality was
19.8% in the medically treated group and 14.2% in the ICD group. Hazard
ratio for the risk of death from all-causes was 0.69 (95% IC, 0.51–0.93; p =
0.016), with a risk reduction of 31% in patients implanted with an ICD com-
pared with those treated with medical therapy. Kaplan-Meier survival curves
diverged at 9 months from the enrollment, showing a mortality reduction of
12 and 28% at 1 and 2 years, respectively. Based on these results, the prophy-
lactic implant of an ICD improved survival in patients with prior MI and
severely impaired LV function.

More recently, three studies further supported the clinical relevance for
ICD implantation in different groups of patients, who in all cases were
selected by clinical data and LVEF, without additional noninvasive/invasive
risk markers.

The Defibrillators in Non-Ischemic Cardiomyopathy Treatment Evaluation
(DEFINITE) Trial included 458 patients with nonischemic dilated cardiomy-
opathy, LVEF < 36%, and premature ventricular complexes or nonsustained
VT [8]; the mean LVEF was 21%. Two hundred and twenty nine patients were
randomly assigned to receive standard medical therapy and another 229
standard medical therapy plus ICD. At a mean follow-up of 29 months, there
were 68 deaths: 28 in the ICD group and 40 in the standard-therapy group
(hazard ratio 0.65; 95% CI 0.40–1.06; p = 0.08). The mortality rate at 2 years
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was 14.1% in the standard-therapy group and 7.9% in the ICD group. There
were 17 sudden deaths from arrhythmia: three in the ICD group as compared
with 14 in the standard-therapy group (hazard ratio 0.20; 95% CI 0.06–0.71;
p = 0.006). The study investigators concluded that in patients with severe,
nonischemic dilated cardiomyopathy ICD implantation significantly reduced
the risk of sudden death from arrhythmia and was associated with a non sig-
nificant reduction in the risk of death from any cause.

The Comparison of Medical Therapy, Pacing, and Defibrillation (COM-
PANION) in Heart Failure Trial tested the hypothesis that prophylactic car-
diac-resynchronization therapy (CRT) with or without a defibrillator backup
would reduce the risk of death and hospitalization among patients with
advanced congestive heart failure (CHF) and intraventricular conduction
delay [9]. A total of 1,520 patients with advanced CHF (New York Heart
Association class III or IV) of either ischemic or nonischemic etiology, QRS
interval ≥ 120 ms, PR interval > 150 ms, and end-diastolic LV diameter > 60
mm were randomly assigned in a 1:2:2 ratio to receive optimal pharmacolog-
ical therapy alone or CRT or CRT plus ICD therapy. The primary end-point
was the time to death from or hospitalization for any cause. Compared with
optimal pharmacological therapy alone, both CRT and CRT plus ICD signifi-
cantly reduced the primary end-point (hazard ratio 0.81 and 0.80; p = 0.014
and 0.01 respectively). CRT reduced the risk of the secondary end-point of
death from any cause by 24% (p = 0.059), CRT plus defibrillator-backup
reduced the risk by 36% (p = 0.003). In conclusion, in patients with advanced
CHF and prolonged QRS interval, combined electrical therapy (CRT+ICD)
significantly reduced all-cause mortality.

The Sudden Cardiac Death in Heart Failure Trial (SCD-HeFT) [10] com-
pared the impact on all-cause mortality of three different treatments in
patients affected by mild to moderate CHF (NYHA class II, III) of either
ischemic or nonischemic etiology, with LVEF ≤ 35%: placebo, amiodarone
(200–400 mgr per day), ICD. The primary end-point of the study was all-
cause mortality. At 60 months of follow-up, no significant difference was
observed between the amiodarone and placebo groups; conversely, a clear
reduction in all-cause mortality was observed in patients treated with an
ICD compared with placebo group patients (hazard ratio 0.77, p = 0.007).
These preliminary data strongly supported the use of ICD in this group of
CHF patients. Moreover, further evidence about the inefficacy of amio-
darone in reducing deaths from any causes was provided, confirming previ-
ous clinical trials (EMIAT and CAMIAT) that tested this drug in patients
after MI [11, 12].
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Guidelines and Recommendations

On the basis of the recent recommendations of the American Heart
Associat ion/American College of Cardiolog y/European Society of
Cardiology regarding SCD [13], an ICD should be implanted (class I) in
“MADIT-MUSTT like” patients and in patients with ischemic or nonischemic
cardiomyopathy who have a LVEF ≤ 30 to 35%, are in NYHA functional class
II–III and receiving optimal medical therapy, and with an expectation of sur-
vival in a good functional status > 1 year. An ICD may also be recommended
in those patients who are in NYHA functional class I because of a prior MI
(IIa) or a nonischemic dilated cardiomyopathy (IIb).

Focus on Risk Stratification

Prior to the above mentioned studies, the aim of noninvasive risk stratifica-
tion was to identify patients at high enough risk to warrant treatment as
aggressive as an ICD (sensitivity was sacrificed in order to maximize posi-
tive predictive accuracy). This approach was based on the assumption that
ICDs are expensive, associated with certain risks, and thus should be
reserved for patients who are extremely likely to need them. Noninvasive
risk-stratifying tests were judged based on their positive predictive accuracy.
Nowadays, the results of these recent studies are associated with a transition
to a completely different type of thinking: a much wider group of patients
has been omitted in an attempt to maximize sensitivity. This new approach
is based on the assumption that ICDs can be implanted more easily, less
expensively, and with less risk, and should not be reserved only for the high-
est risk patients. The focus of noninvasive risk stratifying testing is thus on
maximizing negative predictive accuracy.

In the following T-wave alternans (TWA) analysis, a recent and promising
noninvasive risk marker is reviewed.

T-Wave Alternans

T-wave alternans is a beat-to-beat fluctuation in the amplitude or morpholo-
gy of the T wave that alternates every other beat and has been closely associ-
ated with ventricular arrhythmias and SCD. More recently, using sensitive
signal-processing techniques, the detection of microvolt-level, virtually
unapparent TWA was found to be a potent predictor of life-threatening ven-
tricular arrhythmias in several subgroups of patients.

Many studies demonstrated macroscopic TWA in different clinical condi-
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tions that are associated with malignant ventricular arrhythmias, including
long QT syndrome, acute myocardial ischemia and infarction, Prinzmetal’s
angina, and electrolyte derangements [14–20]. TWA is caused by primary
alternations in the repolarization phase of the action potential [21, 22].
Moreover, above a critical heart-rate threshold, repolarization potentials
from adjacent regions of the ventricle alternate with those of opposite phase,
that is discordant alternans, causing spatial gradients of repolarization and
yielding an electrophysiologic substrate for functional block, reentry, and
VF. When electrical uncoupling by a structural barrier is present, there is a
higher probability of discordant alternans at lower critical heart-rate thresh-
old which, by inducing a maximum spatial gradient of repolarization, may
cause unidirectional block, reentry, and sustained monomorphic VT. In
either case, TWA suggests the presence of electrophysiologic properties of
the myocardium that are associated with the genesis of ventricular arrhyth-
mias.

Clinical Studies

The original studies of TWA comprised different subgroups of very high-risk
patients. The results of the first study, published in 1994 by Rosenbaum et al.,
were obtained from a group of patients who underwent electrophysiological
(EP) studies because of nonfatal sustained ventricular tachyarrhythmias,
syncope or, in a minority of cases, supraventricular arrhythmias [23]. A
strong relationship was found between the presence of TWA evaluated dur-
ing atrial pacing and the inducibility of ventricular tachyarrhythmias during
EP testing as well as 20-month arrhythmia-free-survival. Subsequent similar
studies confirmed the association between TWA measured during bicycle
exercise and both inducible and spontaneous ventricular arrhythmias in
patients who underwent EP study and also in ICD recipients [24–26]. It is
also important to note that good reproducibility of TWA testing results and
TWA heart-rate threshold was demonstrated during both atrial pacing and
exercise-induced sinus tachycardia [27].

A number of small studies in patients with congestive HF (CHF) suggest-
ed that TWA is associated with an increased risk of ventricular arrhythmias
and sudden death. Klingenheben et al. evaluated 107 CHF patients without
history of sustained ventricular arrhythmias over a mean follow-up period
of 15 months [27, 28]. Patients had a mean LVEF of 28%, coronary artery dis-
ease in 67% of cases, and received angiotensin converting enzyme (ACE)
inhibitors and beta-blockers in 93 and 42% of cases, respectively. In this
study, TWA was a strong and significant predictor of arrhythmic events.
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Remarkably, none of the patients with a negative TWA test had an arrhyth-
mic event, indicating a very high negative predictive value. We obtained sim-
ilar results in a study of 46 patients with CHF, NYHA class III in 35%, mean
LVEF 29%, and ischemic etiology 61% [29]; at a mean follow-up of 1.6 years,
a significant relationship with cardiac death was found: seven of 23 (30%)
patients with positive TWA died during follow-up. Interestingly, also in our
study, none of the 13 patients who had negative TWA died or had malignant
ventricular arrhythmias.

The prognostic value of TWA was also confirmed in patients with dilated
nonischemic cardiomyopathy. Hohnloser et al. studied 137 patients with
dilated cardiomyopathy, mean age 55 years, and LVEF 29% [30]. Their results
were similar to those found in CHF patients of both etiologies. More recent-
ly, Costantini et al. [31] reported preliminary results of a study that included
282 patients with a LVEF ≤ 40% and dilated nonischemic cardiomyopathy.
The study tested the hypothesis that a negative TWA would identify patients
at low risk of death. The primary end-point of the study was actuarial all-
cause mortality at 2 years. TWA testing was normal (negative) in 95 patients
(34%), and abnormal (positive or indeterminate) in 187 patients (66%).
None of the patients with a normal TWA test and 12 patients with an abnor-
mal TWA test (8.6%) died (p ≤ 0.02), further supporting the very high nega-
tive predictive value of a negative TWA.

Results of the Marburg Cardiomyopathy Study contradicted the above-
mentioned promising results [32]. In that study, arrhythmia risk stratifica-
tion was performed prospectively in 343 patients with idiopathic dilated car-
diomyopathy, including analysis of LVEF, signal-averaged ECG, arrhythmias
on Holter ECG, QTc dispersion, heart-rate variability (HRV), baroreflex sen-
sitivity (BRS), and TWA. During a mean follow-up of 52 months, major
arrhythmic events occurred in 46 patients (13%). On multivariate analysis,
LVEF was the only significant arrhythmia risk predictor in patients with
sinus rhythm, with a relative risk of 2.3 per 10% decrease of ejection fraction
(95% CI, 1.5–3.3; p = 0.0001), whereas beta-blocker therapy was associated
with a trend toward lower arrhythmia risk (RR, 0.6; 95% CI, 0.3–1.2; p =
0.13). Thus, in this study TWA as well as other noninvasive risk markers did
not seem to be helpful for arrhythmia risk stratification. However some crit-
icisms should be noted: (1) Interpretation of TWA results was not based on a
“negative and non-negative” classification [33]; in fact, of 38 arrhythmic
events, 31 (81%) occurred in the 191 (16%) patients with a non-negative
result compared to seven of 72 (10%) patients with a negative TWA (p =
0.06). (2) More importantly, as reported by the same authors, the use of beta-
blockers in this study was not uniform and many patients did not have this
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type of therapy at study entry, when risk stratification was performed, but
received it during follow-up (52 vs 73%). (3) Beta-blockers were withheld for
24 h before TWA testing whenever possible because the development of TWA
is critically dependent on heart rate. This may have increased the proportion
of false-positive results, with a possible unapparent change of TWA from
positive to negative during the follow-up period. (4) The rate of events was
very low, about 3% per year, making the follow-up significantly longer (4.3
years) than the follow-up available in the other TWA studies (in general, 2
years).

On the basis of these conflicting results, further studies are needed in
order to define the prognostic value of this promising marker in patients
with nonischemic cardiomyopathy. A large multicenter prospective study, the
ALPHA Study (T-Wave Alternans in Patients with Heart Failure), is currently
ongoing in Italy. Its aim is to assess the prognostic power of TWA in a large
cohort of patients with nonischemic dilated cardiomyopathy, NYHA class
II–III, and a LVEF ≤ 40% [34].

T-wave alternans has also been demonstrated to be an effective tool for
identifying high-risk patients after MI. Ikeda et al. evaluated the prognostic
significance of TWA between 2 and 10 weeks after an acute MI in a large
cohort of 850 consecutive unselected patients [35]. During a mean follow-up
25 months, only TWA and LVEF ≤ 40% were significant multivariate predic-
tors for primary events, defined as SCD or resuscitated VF [relative hazard
5.9 (p = 0.007) and 4.4 (p = 0.005), respectively]. In contrast, in a study of 379
patients post-MI, Tapanainen et al. reported that TWA was not associated
with increased mortality [36]. This study was flawed, however, because the
TWA study was performed too early after MI (8.1 ± 2.4 days), when TWA is
believed to be unstable and unreliable.

Interestingly, two recent studies strongly supported the potential role of
TWA in the risk stratification of “MADIT-II like” patients. In 129 post-MI
patients, all with a LVEF < 30%, TWA testing was prospectively assessed [37].
At 24 months of follow-up, no SCD or sudden cardiac arrest occurred among
patients who tested TWA-negative, compared with an event rate of 15.6%
among the remaining patients. More recently, a study evaluated the ability of
microvolt TWA to identify groups at high and low risk of dying among HF
patients who met MADIT II criteria for ICD prophylaxis [38]. Primary end-
point was 2-year all-cause mortality. Of the 177 MADIT II-like patients
included in the study, 32% had a QRS duration > 120 ms and 68% had an
abnormal (positive or indeterminate) microvolt TWA test. During an average
follow-up of 20 months, 20 patients died and patients with an abnormal TWA
test were compared to those with a normal (negative) test. The hazard ratios
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for 2-year mortality was 4.8 (p = 0.020) and the actuarial mortality rate was
substantially lower among patients with a normal TWA test (3.8%), with a
corresponding false-negative rate of 3.5%. Notably, in this study TWA testing
was a better predictor than QRS complex duration – an index recommended
in the USA for the selection of MADIT-II patients suitable for ICD therapy –
in identifying groups of patients at high or low risk of death.

Recently, Chow et al. [39] noted that mortality reduction with ICD
implantation differs according to TWA status in patients with ischemic car-
diomyopathy and no prior history of ventricular arrhythmia, with implica-
tions for risk stratification and health policy. This study consisted of a
prospective cohort of 768 patients with LVEF ≤ 35% and no prior sustained
ventricular arrhythmia, of which 392 (51%) received ICDs. The mean follow-
up time was 27 ± 12 months. A non-negative TWA test result identified 514
(67%) patients. After multivariate adjustment, ICDs were associated with
lower all-cause mortality in TWA-non-negative patients (hazard ratio 0.45, p
= 0.003) but not in TWA-negative patients (hazard ratio 0.85, p = 0.73). The
number needed to treat with an ICD for 2 years to save one life was nine
among TWA-non-negative patients and 76 among TWA-negative patients.

Another interesting aspect was evaluated by Ikeda et al. [40], who con-
ducted a collaborative study to evaluate the predictive power of TWA in
patients with preserved LVEF after MI. This study enrolled 1,041 post-infarc-
tion patients with a LVEF ≥ 40% in whom TWA testing was performed an
average 48 days after the infarction. During a follow-up of 32 ± 14 months,
38 patients (3.7%) died of non-arrhythmic cause and were not considered
for analysis. Of the 1,003 evaluable patients, 18 (1.8%) had sudden death or a
life-threatening arrhythmic event. TWA was positive in 169 (17%) patients,
negative in 747 (74%), and indeterminate in 87 (9%). A positive TWA test
was the most significant predictor, with a hazard ratio of 19.7 (p < 0.0001).
This marker had the highest sensitivity and negative predictive value for
events. Therefore, the investigators conclude that TWA could be used for
risk-stratification in the low-risk population of post-infarction patients with
preserved LVEF.

Conclusions

In conclusion, an abnormal TWA test is associated with a significant increase
of cardiac death and life-threatening ventricular arrhythmias in patients
with left ventricular dysfunction of both ischemic and nonischemic etiology.
Moreover, patients with a normal TWA test appear to have a very good prog-
nosis, as shown by the high negative predictive value of the test. The results
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suggest that TWA can be effectively used to identify a subgroup of patients
who are unlikely to benefit from ICD therapy despite heart failure and left
ventricular dysfunction.
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Risk Stratification for Sudden Death in Hypertrophic
Cardiomyopathy

DOMENICO CATANZARITI, MASSIMILIANO MAINES, GIUSEPPE VERGARA

Early studies suggested that hypertrophic cardiomyopathy (HCM), an inher-
ited and primary disease of cardiac muscle characterized by a thickening of
the left ventricular (LV) walls, was a relatively uncommon but malignant dis-
order. The annual mortality rates were reported to be 2–4% in adults and 6%
in adolescents and children, the majority of deaths being sudden. Recently it
has been found that HCM is, in fact, more common than originally assumed,
with a prevalence estimated from echocardiographic population screening of
0.2%. It is also now clear that HCM is much more benign, with an annual
mortality rate in large unselected non-referred series of approximately 1.5%.
More than half of these deaths are sudden while the remainder are largely
caused by heart failure and stroke [1–3]. This relatively low incidence creates
a challenge for risk stratification. Furthermore, most individuals with HCM
are asymptomatic and the first manifestation may be sudden cardiac death
(SCD), related to ventricular arrhythmia with potential triggers including
ischemia, outflow obstruction, and atrial fibrillation.

In recent years, the identification of various noninvasive indicators asso-
ciated with SCD has allowed patients to be stratified according to their risk
of developing this complication. A consensus document of the ACC and ESC
has categorized the known risk factors for SCD as “major” and “possible” in
individual patients [4]. Major risk factors for SCD in HCM are: (1) Cardiac
arrest (ventricular fibrillation, VF); (2) spontaneous sustained ventricular
tachycardias (VT); (3) family history of premature SCD; (4) unexplained
syncope; (5) LV thickness ≥ 30 mm; (6) abnormal exercise blood pressure;
and (7) non-sustained spontaneous VT. Possible risk factors in individual
patients are: atrial fibrillation [5]; myocardial ischemia; LV outflow obstruc-
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tion [6]; high-risk mutation; and intense competitive physical exertion. By
contrast, the absence of risk factors identifies a low-risk group. In this
respect, the low positive predictive accuracy of the previously recognized
major risk factor of SCD is a major limitation.

Hospital-based HCM patients with a combination of two or more sudden
death risk factors have been recently identified as higher risk group,
although an extreme single factor may identify young patients exposed to a
relevant risk in very long term follow-up. Such patients represent an addi-
tional subgroup at high risk. However, intermediate risk has been related to
the presence of only one of the major risk factors. A more precise assessment
of SCD risk stratification should be undertaken in relation to community-
based HCM patients. Prospective registries could be helpful in this type of
assessment although individuals who have undergone implantable car-
dioverter defibrillator (ICD) implantation will modify risk assessment strati-
fication and follow-up clinical end-points (e.g., ICD-based VTs as clinical
surrogates of SCD).

Recently, the guidelines of the AIAC (acronym of the Italian Association
of Cardiac Pacing and Arrhythmia Specialists) regarding ICD implantation
were published [7]. Indications for ICD implantation in HCM were deter-
mined according to stratification based on incorporation of either single
strong risk factors or multiple risk factors, with the aim of improving the
positive predictive accuracy of the algorithm. Such efforts to obtain an effec-
tive risk stratification algorithm are motivated by the consideration that ICD
represents a very efficacious tool for preventing SCD in HCM [8].

In the case of HCM, the available data are less consistent; the patient
series are small; and the length of follow-up is short. In clinical studies for
ICD in HCM patients, the main reason for device implantation is secondary
prevention following aborted SCD or sustained VT. Nevertheless, the results
of a retrospective multicenter study containing a large number of patients, in
which the benefit of ICD implantation was shown in both primary and sec-
ondary prevention of SCD, suggested that the indications for ICD implanta-
tion should be expanded in HCM.

Various authors have recommended ICD implantation for primary pre-
vention in patients with HCM and two or more risk factors for SCD, and
even in some patients with only a strong single risk factor. However, also
assuming a slightly less restrictive position regarding the more widespread
use of ICDs, the economic costs and risks in this young population of either
repeated device substitutions or lead-related malfunctions should be consid-
ered. Thus, it is important to correctly identify candidates, since this mode of
treatment is not without complications.
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Risk factors

Secondary Prevention of Cardiac Arrest

A history of cardiac arrest or episodes of sustained VT are predictors of high
risk representing an absolute indication for ICD implantation and secondary
prevention of SCD.

Family History of Sudden Death

A multiple family history with two or more premature (< 45 years) SCDs is
considered a strong single risk factor justifying ICD implantation. However,
this is infrequent (5% of patients), and a history of a single premature SCD is
a more common situation (25% of patients). In these patients, risk assess-
ment and the subsequent decision for ICD implantation are more uncertain.
Such a decision is based on the identification of additional risk factors, such
as syncope. Regardless, all patients with a single family history of SCD
should be informed of device-related problems, as well as the limitation of
each risk stratification in HCM.

Extreme LV Hypertrophy

Extreme hypertrophy of the LV wall (> 30 mm) is a strong predictor of SCD
in young patients with HCM and is associated with an estimated long term
risk of SCD of about 20% at 10 years and of > 40% at 20 years. Serious con-
sideration should be given to implantation of an ICD in those young patients
with extreme hypertrophy, independently of the presence of other risk fac-
tors, due to the clinically significant impact on SCD prevention of ICD
implantation during long-term (over many decades) risk exposure [9].

Syncope

Syncope challenges the accurate clinical and prognostic evaluation of
patients, due to the multiple potential mechanisms responsible for syncopal
episodes in HCM (supraventricular or ventricular tachyarrhythmias as well
as bradyarrhythmias, dynamic obstruction, diastolic dysfunction, myocar-
dial ischemia, and vasovagal mechanisms). In clinical series involving multi-
parametric assessment of SCD risk in hospital-based HCM patients, unex-
plained syncope has been combined with a multiple familiar history of SCD
as a high risk factor for SCD [10].
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Accurate evaluation of the clinical profile of each patient is important in
order to precisely identify the role of each single syncopal episode, although
clinical perceptions and experience are also essential in this assessment.
Recent (< 1 year), recurrent syncope, either during effort or a non-neurally
mediated episode at rest, is generally considered a marker of increased risk
in young patients and a possible indication for ICD implantation.

Non-sustained Ventricular Tachycardia

In young patients (< 35 years), brief runs of non-sustained VT (three or
more beats) on Holter monitoring are associated with a significant increase
in the risk for SCD. In very young patients (children and adolescents), non-
sustained VT is rare and indicative of high risk. In other patients, multiple
(e.g., more than two episodes in 6 months) or prolonged runs of non-sus-
tained VT may be of particular concern and raise the issue of ICD implanta-
tion, even in the absence of other risk factors. If not recurrent, then brief
episodes of non-sustained VT are not considered significant risk factors in
community-based patients, in the absence of additional risk factors [11].

Abnormal Blood Pressure Response to Exercise

Hypotensive blood pressure response during upright exercise suggests an
increased risk for SCD and may be included in the overall risk profile, par-
ticularly in patients < 50 years of age. In adults, the absence of a hypotensive
response to exercise is reassuring, although in young patients the absence of
additional risk factors is also needed.

Electrophysiologic Study

Electrophysiologic study seems to be not clinically relevant for risk assess-
ment, as unspecific responses are also induced in patients with very low risk.
This examination does not have any role in the stratification of SCD risk in
the vast majority of cases.

Low Clinical Risk Profile

Patients with mild LV hypertrophy (wall thickness < 20 mm) and without
any additional risk factors (included in the list of “major” risk factors) can
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be considered at low risk and have a mean life expectancy similar to that of
the general population [12].

Clinical Reassessment

Patients are annually re-evaluated periodically during follow-up or as con-
sidered necessary by the patient’s doctor on the basis of either clinical suspi-
cion or change of risk-factor burden.
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Managing Hypertrophic Cardiomyopathy:
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Introduction

Myocardial diseases (MDs) include an infrequently occurring heterogeneous
group of potentially lethal abnormalities in children and young adults.
Recent epidemiological studies have shown that dilated and hypertrophic
cardiomyopathies are the most frequent morphological substrata of car-
diomyopathy in children [1, 2]. Furthermore, MDs have been associated with
unexpected sudden death (SD) in apparently healthy people < 35 years old
[3–9]. Acute myocarditis and hypertrophic cardiomyopathy are the leading
causes of SD in this age group. In addition, arrhythmogenic right ventricular
cardiomyopathy/dysplasia has been recognized as a relatively frequent cause
of SD in southern European countries [4, 9, 10]. In some cases, SD is the first
manifestation of disease, although sometimes the child or young adult has
had some symptom during their lifetime [11, 12]. The actual incidence and
distribution of cardiac SD by sex and age group in well-defined populations
are poorly characterized, and only a few observational studies have assessed
this problem in children and young adults. Most studies have been done in
selected samples or in reference centers, with the consequent bias making it
impossible to provide epidemiological data. A population-based observa-
tional retrospective study was carried out in children and young adults < 35
years old in the Italian province of Campania between 1998 and 2005 with
the aims of assessing the epidemiological and clinical data on MD mortality
and determining the causes of SD and non-sudden death (NSD).
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Patients and Methods

The study was done in Campania (approximate population 5,100,000), which
has a homogeneous population. Foreigners form 1.7% of the total.
Individuals between the ages of 1 and 35 years who died due to an MD dur-
ing the period from January 1998 to December 2005 were included in this
study. The cases were classified as SD or NSD as follows: SD was defined as
death occurring naturally (non-violently), unexpectedly, and instantaneous-
ly, or less than 1 h from the onset of premonitory symptoms or collapse, in a
person in an apparently good state of health, not admitted to the hospital,
and while carrying out habitual activities at the time of the fatal event [6,
13]. In line with Italian legislation, a forensic autopsy is required for deaths
due to violence or when crime is suspected. The latter include sudden unex-
pected natural deaths in non-hospitalized children and young people. In
NSD, legislation requires a medical death certificate signed by the physician
who was treating the patient for a previously known disease. In Italy, in the
case of the death of a child or young adult outside the hospital, a preliminary
investigation is done and, assuming that there are signs of violent death or
an unexpected SD (for forensic purposes unexpected SD involves a poten-
tially criminal activity), a forensic autopsy is requested and the medical
death certificate is annulled. Consequently, all medical death certificates and
forensic autopsy reports are coded according to the underlying cause of
death in the Mortality Registry of the Campania Region, following the
International Classification of Diseases (ICD-9).

To achieve the aim of this work, Mortality Registry data were analyzed
and the files in Campania were checked for the period 1998 to 2005, inclu-
sive. All SDs occurring in people age 1 to 35 years old were examined. In all
cases, a complete autopsy and toxicological and histopathological studies
had been carried out. The cardiac conduction system was studied via a sim-
plified method previously described [14]. Clinical data and the circum-
stances surrounding the death were also reviewed. This information was
obtained from the reports of physicians and forensic doctors. It was not pos-
sible to review physicians’ reports on NSD patients.

Statistical Analysis

The total incidence rates and those for each sex and age group were calculat-
ed according to the population census data for Campania province for the
years 1998 and 2005. For non-census years, year interpolations were calculat-
ed for the population for each sex and age group, assuming a linear yearly
increase or decrease in the population.
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The relative risk (RR) (and its 95% confidence interval [CI] of SD due to
MD compared to NSD was calculated for the total series and for the different
age and sex groups. Similarly, the RR (and its 95% CI) of SDs and NSDs were
compared between sex and between age groups (1–14 and 15–35 years old).
The Fisher exact test was used to calculate the difference in distribution of
the absolute frequency of SD regarding the activity carried out at the time of
death (physical vs another activity) between the SD due to MD groups and
SD due to other causes. The significance level was set at p < 0.05.

Results

According to Mortality Registry data, there were 25,320 deaths in people
between the ages of 1 and 35 years (16,880 males and 8,440 women) in
Campania from 1998 to 2005. The cause of death was MD in 39 cases. In 30
cases, a forensic autopsy for SD was carried out. In the other nine cases, the
appropriate medical death certificate was issued as no evidence indicative of
SD due to suspected crime was found by the Forensic Pathology Service;
these were therefore included in the NSD group. Of the 39 cases of death due
to MD, 29 were male and 10 female; the average age was 27.40 ± 7.17 years.
All were Caucasian. The mortality rate due to MD was 0.55/100,000 inhabi-
tants/year. This was higher for males than for females, and for subjects 15–24
and 25–35 years of age than for children 1–14 years old. The RR of SDs was
significantly higher than that of NSDs, especially between adolescents and
young males.

Analysis of the Registry data showed 270 cases of SD in people between
the ages of 1 and 35 years; 39 of these were due to the following MDs:
myocarditis, dilated cardiomyopathy, arrhythmogenic cardiomyopathy,
hypertrophic cardiomyopathy, and idiopathic concentric left ventricular
hypertrophy (CLVH). Myocarditis was the most frequent cause of SD (35.5%)
followed by arrhythmogenic cardiomyopathy (25.5%). Dilated cardiomyopa-
thy was the most frequent cause of NSD (70%).

Only in three cases of SD had the MD been diagnosed during the patient’s
lifetime. Each of them had hypertrophic cardiomyopathy and was under car-
diological treatment, and two of them were under pharmacological treat-
ment (1 with verapamil and the other with amiodarone). Some cardiovascu-
lar symptoms and/or electrocardiographic abnormalities were recorded in
ten people during their lifetime, but without the disease being diagnosed
before death; the main diagnoses were arrhythmogenic cardiomyopathy (n =
5) and myocarditis (n = 3). In the other 17 cases, SD was the first manifesta-
tion of disease. Comorbid conditions were reported in six patients: two with
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myocarditis who had received medical care for viral gastroenteritis and four
who presented with morbid obesity. Six patients (20%) had prodromic
symptoms, mainly syncope and chest pain.

In 25 patients cardiopulmonary resuscitation (CPR) maneuvers were car-
ried out. In nine, the ECG obtained during CPR showed ventricular fibrilla-
tion; in eight, asystole; and in one, ventricular tachycardia that degenerated
into ventricular fibrillation.

Arrhythmia-triggering factors were reported in 11 patients. In three
young people, toxicological analysis detected the presence of ethanol. In
seven, death occurred during the practicing of a sports activity (five during
football, one while cycling, and one during basketball). In one patient, infor-
mation was obtained regarding acute psychological stress in the instant
prior to death. Of the arrhythmogenic cardiomyopathy cases, 71% of the
patients died during a sports activity. SD related to a sports activity occurred
in 23.3% of the cases of MD (7 out of 30) compared to 9.3% (13 out of 140) of
the remaining causes of SD (p = 0.05).

In seven people, the death was not witnessed and occurred in the bed,
probably while sleeping. Death occurred within 15 min (almost instantly) in
21 patients and within 15 and 60 min in two others. In 47% of cases death
occurred outside a hospital, whereas 53% of the patients were admitted to
the emergency ward in a state of cardiorespiratory arrest.

Discussion

The incidence of mortality due to MD in people between the ages of 1 and 35
years is low, and the risk of SD is significantly higher than that associated
with NSD. Thus, it is important to include forensic case studies to avoid
underestimation of the incidence of MD. In the present study, 75% of all the
deaths due to MD were sudden.

Unlike in other MDs, in which death is mainly sudden and caused by an
arrhythmic mechanism, in dilated myocardiopathy NSD predominates. This
indicates that death occurs at a more advanced phase of the disease, due to
congestive heart failure [3–7, 15].

Arrhythmogenic cardiomyopathy, hypertrophic cardiomyopathy, and
idiopathic CLVH [8, 16–18] are well-known causes of SD during sports activ-
ities, with geographical variations among them: the second is especially fre-
quent in North America [8], and the first in southern Europe [9–11, 18, 19].
Arrhythmogenic cardiomyopathy is a disease of unknown origin, although
genetic and inflammatory causes have been proposed [12, 20]. In some
patients, it could represent a form of myocarditis with scarring.
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Idiopathic CLVH is a clinical condition in which the heart is morphologi-
cally very similar to an athlete’s heart. Distinguishing between the two is
fundamental in professional athletes but is not easy [8], as shown in the pre-
sent series. A non-familial variant of hypertrophic cardiomyopathy or a form
of hypertrophic cardiomyopathy without typical morphological expression
has been suggested [17].

Preventing deaths due to MD in children and young adults is a difficult
task, as a high percentage of these occur suddenly and without the subject
having experienced previous cardiovascular symptoms [11]. One of the main
findings in this study was the relatively high percentage of people with car-
diovascular symptoms or electrocardiographic abnormalities before death,
and in whom the disease had not been diagnosed during life, although all the
patients had been examined by a physician. It may have been possible to pre-
vent death in some of these cases, especially those involving arrhythmogenic
cardiomyopathy and myocarditis. However, both diseases can be difficult to
diagnose while the patient is alive. In contrast, half of the cases of hyper-
trophic cardiomyopathy had been diagnosed, which shows that SD risk strat-
ification is not easy due to the clinical heterogeneity of the contributing dis-
eases. Both arrhythmogenic and hypertrophic myocardiopathy are becoming
an emerging indication for an implantable cardioverter defibrillator [20].
This could have been effective in two of our cases. Our results agree with the
well-known greater risk of SD in people with morbid obesity [21]. The pre-
vention and treatment of obesity could therefore be of interest regarding
reducing mortality due to MD.

Certain triggering factors can precipitate lethal arrhythmias in a vulnera-
ble myocardium; among these, vigorous physical activity is the most impor-
tant in the context of MD, especially in arrhythmogenic cardiomyopathy [9,
10, 18]. Thus, in young men diagnosed with this disease, vigorous sports
activities [12] should be strongly discouraged. In line with the protocol of
the American Heart Association [22], at least three of our patients should
have received this advice until a detailed cardiological examination had been
done. One of the patients with myocarditis died during a cycling event,
which supports the contraindication of sports activities during the acute
phase of the disease [8]. Although hypertrophic cardiomyopathy has been
pointed out as the leading cause of SD in young adult athletes [8], none of
the subjects in the present series who were diagnosed with this disease died
while engaged in sports activities.

Alcohol intake can induce malignant ventricular arrhythmias in suscepti-
ble myocardium [23]. Ventricular fibrillation is the rhythm most frequently
leading to SD [12], which we also observed. Thus, efforts should be made to
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achieve early defibrillation in cases of out-of-hospital cardiac arrest, espe-
cially in sports centers.

We should mention some limitations of the present study. Although the
clinical histories of the cases for which medical death certificates had been
issued were not available, we assumed that they did not fulfill the criteria for
SD, since they involved in-hospital or out-of-hospital deaths but the patients
had undergone forensic examination. As pointed out in other SD studies in
Europe [7, 13, 24, 25], it is highly unlikely that a medical-forensic investiga-
tion would not be carried out in the case of an out-of-hospital SD in a child
or young adult. However, the different distributions of MD in the SD and
NSD groups provide additional support for the reliability of the present
results. In all cases of SD in children and young adults, a forensic autopsy
should be carried out for two fundamental reasons: (1) it offers useful and
reliable information for epidemiological and preventive studies, and (2)
since some MDs are hereditary, a precise diagnosis may prevent death in
family members. Thus, it is desirable that genetic studies eventually be
included in the autopsy protocol. Nevertheless, death may have been pre-
vented in some cases through early diagnosis of the disease, and by identify-
ing and modifying the risk factors of the disease as well as factors triggering
SD. Finally, it would be useful to implement effective resuscitation programs
(basic life-support defibrillator) for victims of cardiac arrest.
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The Prevention of Sudden Death: New Perspectives

SAVINA NODARI, MARCO METRA, ALESSANDRA MANERBA, SILVIA FRATTINI, GIUSEPPE

SERESINI, LIVIO DEI CAS

Epidemiology and Etiology

Sudden cardiac death (SCD) is unexpected natural death due to cardiac caus-
es, and includes the abrupt loss of consciousness within 1 h from the onset of
acute symptoms, with or without preexisting heart disease. It is very difficult
to evaluate the exact incidence of SCD because the concept of “sudden
events” has not been precisely defined [1].

Estimates for the US show a mean incidence of 300,000 SCDs per year,
0.1–0.2% of the entire population [1]. In Italy, the number of events per year
is around 50,000 (about 1/1,000 subjects/year) [2]. These estimates are relat-
ed to the whole population, thus including SCDs as a primary cardiac event
in healthy subjects and those occurring in high-risk patients. Despite the
high number of events per year in the population, the percentage remains
very low although it has increased progressively in high-risk subgroups. For
example, in post-myocardial infarction (MI) patients and in subjects with
prior malignant ventricular tachyarrhythmias the incidence of SCD is 35%
[1]. In a Framingham Study re-analysis, risk factors for coronary artery dis-
ease were shown to be statistically related to SCD. The incidence in patients
with several risk factors is 60 times higher than in those with only one [3].
Therefore, considering that the 80% of SCD is due to ischemic events, prima-
ry and secondary coronary artery disease prevention is of major importance.
According to international guidelines and evidence-based medicine, the con-
trol of risk factors and of pharmacological treatment is very important.
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In the last 30 years, pharmacological and nonpharmacological approach-
es have improved the prognosis of post-acute-MI patients. The use of β-
blockers and cardiac defibrillation in intensive care units has significantly
reduced early mortality, from 30–35% to 15–18%. In acute MI (AMI)
patients, thrombolysis and primary percutaneous transluminal coronary
angioplasty (PTCA) have additionally reduced the mortality to 6–8%.
Ventricular fibrillation, the most frequent of early complications, is now
almost totally controlled in protected areas, even if 40–50% of patients with
AMI still die from arrhythmias occurring before hospitalization. Malignant
arrhythmias remain the most important cause of late mortality, thus under-
lining the importance of secondary prevention, too.

New interventional strategies and pharmacological approaches have
reduced early mortality but increased the incidence of late complications,
such as ischemic cardiomyopathies and heart failure. Chronic ischemia and
post-AMI heart failure are associated with ventricular hyperkinetic arrhyth-
mias such as ventricular sustained tachycardia, ventricular flutter, torsades
de pointes, all of which often degenerate into ventricular fibrillation (VF)
and cardiac arrest. It is well-understood that ~80% of SCDs in adults are
caused by recognized or unrecognized coronary artery disease and that the
percentage of mortality in patients with AMI is about 50% in the so-called
door to needle time. In 25% of patients, SCD is the first event of acute
ischemia. More often, it is a late complication of AMI or post-infarction car-
diomyopathy, which account for 75% of deaths in patients with a previous
MI. Fibrosis and hypoperfusion in perinecrotic areas induce electrophysio-
logical changes, promoting reentrant arrhythmias and increasing automatic-
ity [1].

Sudden death is the final event in 50% of patients with heart failure.
Mortality is positively related to clinical severity (12% in NYHA class II, 24%
in class III, and 36% in class IV), while SCD is the most frequent cause of
mortality in NYHA class II (64%) and class III (59%) patients [4].

Arrhythmogenic mechanisms depend on the underlying pathologies
(scar-tissue infarction, acute ischemia, ventricular hypertrophy, ventricular
enlargement). Transient modulating factors, such as acute myocardial
ischemia, adrenergic stimulation, and hypokalemia, play an important role
as well, particularly in patients with severe left ventricular dysfunction.
Additional important causes of arrhythmia are plaque rupture, intracoro-
nary thrombosis, platelet emboli, coronary spasm induced by flow reduction,
post-ischemic reperfusion damage, changes in membrane ionic currents, and
adrenergic hyperstimulation [1].
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Adrenergic hyperactivation increases automatism and reentrant arrhyth-
mias. Acute myocardial ischemia alters the biochemical and biophysical fea-
tures of myocytes, thus interfering with transmembrane ionic currents and
electrophysiological status. As a consequence, the likelihood of automatism
and reentrant-triggered arrhythmias may increase, such that prolonged
acute ischemia may be associated with sustained ventricular tachycardia and
VF.

Prevention of Sudden Death

The administration of β-blockers prevents SCD by reducing myocardial oxy-
gen consumption and counteracting ventricular remodeling and neuroen-
docrine activation. Thus, β-blocker- and amiodarone-based therapies are
fundamental components of the guidelines for SCD prevention [5].
Angiotensin-converting-enzyme inhibitors and aldosterone-receptor block-
ers are important in preventing ventricular remodeling, interstitial myocar-
dial fibrosis, and arrhythmias [6].

A new pharmacological option in the prevention of SCD is the n-3
polyunsaturated fatty acids (n-3 PUFAs). These compounds act by opposing
cellular remodeling and counteracting membrane structural changes as well
as cellular electric instability. They also influence sympathovagal balance
and have anti-ischemic properties [7–9].

A possible explanation for the anti-arrhythmogenic effects of n-3 PUFAs
is their modulation of sympathovagal balance. n-3 PUFAs increase heart rate
variability in healthy subjects and in patients at high risk for arrhythmia
(post-AMI patients with left ventricular dysfunction, patients with chronic
renal failure who undergo dialysis, and those with diabetes mellitus). The
effect has been shown to be due to a higher membrane concentration of
these compounds [10, 11].

Many studies have shown a decrease in HRV after AMI, as an expression
of increased sympathetic influence on cardiac activity that is related to
increased arrhythmic risk and mortality. The anti-arrhythmogenic effect of
n-3 PUFAs has been demonstrated in isolated myocytes and in experimental
studies, and is caused by a change in the concentration of cell-membrane
phospholipids. Higher concentrations of n-3 PUFAs (eicosapentaenoic and
docosahexaenoic acids) induce the production of thromboxane (TX)A3 and
leukotriene (LT)B5 during ischemia. In addition, they have fewer vasocon-
strictive and inflammatory effects than TXA2 and LTB4, which are derived
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from n-6 PUFAs. The release of TXA3 and LTB5 leads to a reduction in both
infarct size and the production of superoxide radicals, which reduce electric
instability in peri-infarction areas [7–9].

By modulating the fluidity of lipid bilayers, n-3 PUFAs influence the con-
ductance of membrane ion channels and increase the opening threshold in
Na+ ion channels [12]. Besides cell membrane hyperpolarization, n-3 PUFAs
induce a lengthening of the cardiac cycle refractory period. In Ca2+ ion
channels, n-3 PUFAs inhibit L-type voltage-dependent currents, thus reduc-
ing the high Ca2+ cytosolic concentration responsible for partial membrane
depolarization, arrhythmogenic post-potentials, and arrhythmias [13]. In
ischemic or dysfunctional myocardium there is cytosolic-calcium overload
because of sarco/endoplasmic reticulum Ca2+ (SERCA) dysfunction and
diminished ryanodine receptor sensibility towards cytosolic calcium storage.
Consequently, there is a reduction in calcium uptake in the sarcoplasmic
reticulum and a nonmodulated outward current of this ion from the reticu-
lum itself. Additionally, the NA+ inward current in exchange with Ca2+ ions
increases, which also enhances arrhythmogenic triggers. Experimental stud-
ies on isolated ventricular myocytes showed the inhibitory effect of n-3
PUFAs on type L Ca2+ channels currents and SERCA activity. Microsomal
Ca2+/Mg2+-ATPase stimulation, with a reduction in cytosolic Ca2+ concen-
tration and fluctuations, was also observed and may contribute to the anti-
arrhythmogenic effects of n-3 PUFAs. The possibility that these drugs reduce
the risk for SCD is actually based on evidence from a prospective cohort
study, a case-control study, and prospective dietary intervention trials.

Results from Secondary-Prevention Clinical Trials

Following several observational prospective studies that confirmed an
inverse correlation between n-3 PUFA intake from fish and cardiovascular
mortality, randomized clinical trials for secondary prevention of CHD were
established. DART was the first such trial to evaluate the effects of n-3 PUFAs
on post-infarction survival [14]. After a 2-year follow-up, the results showed
that intake of n-3 PUFAs (by diet or pharmacological therapy) induced a sig-
nificant reduction in total mortality (-29%) and in fatal ischemic events (-
32%); this benefit was observed as early as after 3 months. This result and
the significant reduction in coronary death but not in non-fatal ischemic
events indicated that n-3 PUFAs have a protective effect on arrhythmia-relat-
ed death during ischemia.
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The anti-arrhythmogenic effect of n-3 PUFAs was also confirmed by the
GISSI Prevenzione trial [15], which showed a significant reduction in the pri-
mary end-point (15% in total mortality, non-fatal AMI, non-fatal stroke; 20%
in cardiovascular mortality, non-fatal AMI and non-fatal stroke) only in the
n-3 PUFAs group; in particular, a significant reduction in total mortality
(20%), cardiovascular mortality (30%), and sudden death (45%) was docu-
mented (Fig.1). The early favorable effect on prognosis shown by the study
supports a direct protective anti-arrhythmogenic effect of n-3 PUFAs on
myocardium, independent from their anti-thrombotic and anti-atherogenic
effects. A meta-analysis of n-3 PUFA secondary prevention trials, including
about 15,700 patients, validated the GISSI Prevenzione trial results [16].

Primary Prevention

A recent re-analysis of the results of the US Physicians’ Health Study con-
firmed the potential role of n-3 PUFAs in the primary prevention of sudden
death [17]. In that study, a blood sample was taken at baseline in 22,071
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Fig. 1. The GISSI prevention study showed that treatment with n-3PUFAs significantly
reduces cardiovascular events; in particular, sudden death decreased by 45%. AMI,
Acute myocardial infarction



healthy American physicians. In a 17-year follow-up, 94 subjects died from
SCD. Analysis of red-cell membrane fatty acids in these patients and in a
control group of 184 patients with a similar cardiovascular risk profile
demonstrated that only long-chain n-3 PUFA plasma concentrations were
significantly lower in the group of patients who died suddenly. No statistical-
ly significant difference was found in the two groups with respect to saturat-
ed, mono-unsaturated, or n-6 PUFAs, or short-chain n-3 PUFAs (α-linolenic
acid). In the same study, multivariate analysis confirmed the prognostic
value of low-level n-3 PUFAs in sudden death, proving a strong inverse rela-
tionship between plasma concentrations of long-chain n-3 PUFAs and the
risk of sudden death. The authors also found an 81% risk reduction in the
quartile with higher n-3 PUFAs. These results were confirmed after statisti-
cal correction for age and smoking habit (Fig. 2).

Considering the high prevalence (50%) of sudden death in subjects with-
out previous cardiovascular events, the usefulness of supplementary PUFA
n-3 intake in primary prevention was emphasized.
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Fig. 2. Correlation between n-3 polyunsaturated fatty acid (n-3 PUFA) levels and the rel-
ative risk of sudden death. Patients with a higher blood concentration of long-chain n-3
PUFAs are at lower risk, even when the values are adjusted to take into account other
risk factors. Adapted from [17]



Conclusions

The epidemiological observations, experimental study results, but most of all
the secondary prevention clinical trial evidence together justify the use of n-
3 PUFAs in the prevention of post-AMI sudden death. Moreover, while fur-
ther confirmation is required, it appears that n-3 PUFAs also benefit patients
at high risk for sudden death. The new AHA guidelines recommend the ali-
mentary/pharmacological intake of n-3 PUFAs not only in CHD secondary
prevention, but also in primary prevention and in patients with hypertriglyc-
eridemia [18] (Table 1).

The recent report of the ESC Task Force for risk stratification and sudden
death prevention [19] recommends n-3 PUFA treatment for primary preven-
tion of SCD, with a type B evidence level (a single randomized trial).
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Table 1. Recommendations of the AHA/ACC for n-3 PUFA intake in primary and sec-
ondary prevention. Adapted from [18]

Population Recommendations

Patients without demonstrated CHD Oily fish intake twice a week. Include 
oils and foods with α-linoleic acid (linseed 
oil, soybean oil, peanut oil, etc.)  

Patients with demonstrated CHD Intake ~1 g of EPA + DHA per die from oily 
fish. Possible EPA +DHA supplements

Patients with hypertriglyceridemia 2–4 g of EPA + DHA per die, capsules pre-
scribed by the doctor

CHD, Chronic heart disease; EPA, Eicosapentaenoic acid; DHA, docosahexaenoic acid
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Which Patient and when Should Receive an ICD? 
Evolving New Indications on the Horizon

ROBERTO VERLATO, MARIA STELLA BACCILLIERI, PIETRO TURRINI

Introduction

Internal cardioverter defibrillator (ICD) therapy has come a long way since
its introduction in the 1980s as the first-line treatment for the few fortunate
survivors of recurrent sudden cardiac arrest (SCA). Secondary- and prima-
ry-prevention trials enrolling patients with either ischemic or nonischemic
cardiomyopathy with depressed left ventricular ejection fraction (LVEF) and
NYHA II–IV (AVID, CIDS, CASH, MADIT, MUSTT, MADIT II, DEFINITE)
have overwhelmingly demonstrated that ICD therapy reduces total mortality
compared with anti-arrhythmic drug therapy and/or optimal medical thera-
py [1–7]. The most recent trials (COMPANION and SCD-HeFT) [8, 9]
focused on patients with NYHA class II–IV heart-failure (HF) symptoms and
depressed LVEF: ICD alone or combined with a left ventricular lead for car-
diac resynchronization significantly reduced total mortality as compared
with optimal medical therapy (ACE inhibitors/ARB blockers, beta-blockers,
canrenoate, diuretics) and amiodarone.

In recent years, based on the results of clinical studies and trials, several
guidelines have been published and revised on the optimal prevention of
SCD and the indication for ICD therapy in patients with or at risk of ventric-
ular tachyarrhy thmias and in patients with HF. Guidelines from the
European Society of Cardiology, the American College of Cardiology/
American Heart Associat ion [10], and the Associazione Italiana di
Aritmologia e Cardiostimolazione (AIAC) [11] are available. Small differ-
ences exist between them regarding class IA indications for ICD. In particu-
lar, there is general agreement that an ICD is always indicated for secondary
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prevention of SCA not due to reversible causes, independent of the underly-
ing cardiac pathology and the individual patient’s electrophysiology. When
ICDs are used in primary prevention, most recent recommendations under-
line the importance of chronic optimal medical therapy as well as the
patient’s overall clinical status and co-morbidities: only patients who have a
reasonable expectation of survival with a good functional status for more
than 1 year are candidates to receive an ICD.

A brief summary of current recommendations for ICDs implantation in
patients with different types of heart disease, and of the differences among
the guidelines is provided in the following.

Patients with Coronary Artery Disease

Patients with left ventricular dysfunction due to prior myocardial infarction
(MI), on chronic optimal medical therapy, and not candidates to further
coronary revascularization should receive an ICD if they survived ventricu-
lar fibrillation (VF) or have hemodynamically unstable ventricular tachycar-
dia (VT) (class I, level of evidence A). ICD is also recommended for primary
prevention to reduce total mortality by a reduction in SCA in patients who
are at least 40 days post-MI, have an LVEF ≤ 30–40%, and are in NYHA func-
tional class II–III (class I, level of evidence A). For patients with characteris-
tics similar to the previous ones but in NYHA class I, the implantation of an
ICD is reasonable, but this is a class IIa, level of evidence B indication. A
class IIa indication for an ICD in post-MI patients is also the treatment of
recurrent sustained VT in those subjects with normal o near normal left ven-
tricular function.

Unlike the ESC and ACC/AHA, the AIAC committee adopted more
restrictive criteria for primary prevention of SCA in post-MI patients: ICD is
a class I indication only for patients with a LVEF ≤ 30%, whereas in patients
with LVEF between 31 and 35%, an ICD is a class II indication.

Some of the most important innovations of the most recent ACC/ESC
guidelines on the prevention of SCA are the recommendations regarding
patients with nonischemic dilated cardiomyopathy (DCM). Besides the obvi-
ous class Ia indication for patients with documented sustained ventricular
arrhythmias, the implant of an ICD is now a class I indication also in prima-
ry prevention for patients with DCM who are receiving chronic optimal
medical therapy, who have a reasonable expectation of survival in a good
functional status for more than 1 year, have a LVEF ≤ 30–35%, and who are
NYHA functional class II or III (class I, level of evidence B). Moreover, in this
category of patients, ICD therapy can also be beneficial for those with unex-
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plained syncope (class IIa, level of evidence C) and it can be effective for ter-
mination of sustained VT in patients with normal or near normal ventricular
function (class IIa, level of evidence C).

In these new guidelines, great importance is given to the NYHA func-
tional class. For patients in NYHA I, all the class IIa indications become class
IIb, level of evidence C. In clinical practice, the placement of an ICD in a
NYHA class I DCM patient is therefore not recommended for primary pre-
vention. As for ischemic cardimyopathy, the AIAC committee adopted more
restrictive criteria for primary prevention of SCA also for patients with non-
ischemic DCM: the LVEF cutoff for a class I indication for primary preven-
tion is considered to be 30%; in patients with LVEF between 30 and 35% ICD
is a class II indication.

An expanding indication for ICD treatment is the vast assortment of
arrhythmogenic cardiomyopathies, including hypertrophic cardiomyopathy
(HCM) and the so-called channelopathies, or membrane ion-channel dis-
ease, all of which are associated with an increased risk of sudden cardiac
death (SCD). Sodium-channel disease (arrhythmogenic right ventricular car-
diomyopathy, Brugada syndrome, and long QT syndrome type 3), potassium
channel disease causing either different types of long QT syndromes or short
QT syndrome in case of gain of function, L-type calcium channel loss of
function also associated with short QT syndrome, and catecholaminergic
ventricular tachycardia are common causes of SCD, mainly in young people,
and sudden death may be the first symptom in such patients. For this reason,
besides the accepted class I indication for secondary prevention, in all the
above-mentioned situations ICD is gaining increasing popularity for prima-
ry prevention as well. However, the implant of an ICD for primary preven-
tion in patients with an ion-channel disease is considered a class IIa indica-
tion, due to the lack of any prospective randomized trials in this specific
patient population. Therefore, for primary prevention, ICD is class IIa, level
of evidence C in hypertrophic cardiomyopathy patients who have one or
more major risk factors for SCA. It is class IIa, level of evidence C for
patients with arrhythmogenic right ventricular dysplasia (ARVD) without
sustained VT if they have an extensive disease, including left ventricular
involvement, have one or more affected family member with SCA, or undiag-
nosed syncope when VT/VF cannot be excluded as the cause of syncope. ICD
is recommended as a class IIa level of evidence B also for patients with long
QT syndrome who experience syncope and/or VT while receiving beta-
blockers, and for Brugada syndrome patients with a spontaneous pattern of
ST segment elevation coved type and syncope. The role of ICD as primary
prevention in short QT syndromes is not well-defined. ICD implantation can
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be also effective therapy for the termination of idiopathic sustained VT in
patients with normal or near normal ventricular function (class IIa, level of
evidence C).

The ICD as an adjunctive treatment to optimized medical therapy is the
newest treatment for HF patients, considered in the most recent guidelines
of either prevention of SCD or treatment of heart failure. SCD is the primary
cause of death in NYHA functional class II–III congestive HF patients. Over
60% of these deaths are attributable to malignant ventricular arrhythmias.
The recommendation to implant an ICD for secondary prevention in
patients who survived a VF or hemodynamically unstable VT episode is
today a class Ia indication. After the Companion and the SCDeHFT studies, a
class I, level of evidence B indication is an ICD implant for primary preven-
tion in HF patients who have a LVEF ≤ 30–40%, who are in NYHA functional
class II or III, who are receiving chronic optimal medical therapy, who have a
reasonable expectation of survival with a good functional status for more
than one year, whose LV dysfunction is due to prior MI, and who are at least
40 days post-MI. Also assessed as class I with a level of evidence B, ICD ther-
apy is recommended for primary prevention to reduce total mortality by a
reduction in SCD in patients with nonischemic heart disease who have an
LVEF ≤ 30–35%, and are NYHA functional class II or III. A class IIa, level of
evidence B indication is ICD therapy combined with biventricular pacing in
patients with NYHA functional class III or IV, in sinus rhythm with a QRS
complex of at least 120 ms, and receiving optimal medical treatment.

Clinical guidelines certainly constitute the most important reference and
they should guide our daily clinical practice. However when and in whom to
implant an ICD is always a clinical decision that has to be carefully evaluated
for each patient. Age, associated morbidities, risk of malfunction and infec-
tions, and psychological aspect also have to be considered. Further subgroup
stratification to identify patients subgroups at particularly high risk of SCA
is necessary, but unfortunately is still lacking today, to avoid an excessive
increase in health-care costs due to both the high initial price of the device,
the increased care necessary to treat device-related morbidities (recall, sys-
tem malfunction, and infections), and the expanding indications. However,
when patients are carefully selected within the criteria of the guidelines, ICD
therapy is cost-effective.

Finally, guidelines are composed on the basis of the best available med-
ical science, but their application will likely be impacted by the financial, cul-
tural, and societal differences among individual countries.
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Implantable Cardiac Defibrillators: Is Defibrillation Threshold
Testing Still Necessary in all Patients?

FRANCO NACCARELLA1, FABIO IACHETTI1,2, ANGELA WANG3, CRISTINA FELICANI4,
GIOVANNINA LEPERA1, ELVIRA MOCCIA5, LEILEI SUN1,2, LUCA CASARI6, GIORGIO

MORSELLI1, PATRIZIA CAPOGRECO1, GERALD NACCARELLI7

Defibrillation Threshold at Implantation

The defibrillation threshold (DFT) is the minimum amount of energy
required to reliably defibrillate the heart during potentially life-threatening
ventricular arrhythmia. Knowledge of the patient’s DFT allows the physician
and other clinicians to be sure that the ICD is programmed to deliver suffi-
ciently high-energy shocks to defibrillate the heart.

Unlike the pacing threshold, however, the DFT is not an absolute value
above which defibrillation will always be successful and below which it will
always fail. The goal of defibrillation testing is to ensure that the maximal
energy output of the device has an extremely high (> 99%) probability of
terminating ventricular fibrillation in a given patient. Figure 1 shows a sig-
moidal-shaped curve for two different patients. The second patient requires
either revision of the lead system to reduce the DFTs or the implantation of a
high-output device with at least 37 J output.

There are many testing algorithms to assess defibrillation efficacy, but
two predominate: the single energy success and step-down protocols [1–3].
Other algorithms that can be used to determine DFT are the binary search
method and the Bayesian search method [4–6].

There is increasing interest in minimizing defibrillation testing.
Consequently, the practice of testing only one episode of VF and then pro-
gramming devices, to achieve maximum output, is gaining in popularity.
This strategy probably works because of the very high efficacy of modern
lead systems and due to shock waveforms. There is even a growing practice
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of omitting defibrillation testing at the time of implantation, although the
prospective data to support this strategy are lacking [2, 3, 7, 8].

Alternatively, determination of the upper limit of vulnerability (ULV) has
been used to estimate the DFT, while minimizing or even eliminating the
need to induce ventricular fibrillation. The lowest energy value that does not
induce fibrillation is the ULV. The ULV is as probabilistic as the actuarial
DFT [9].

In some cases, the implanting physician may opt to forego DFT testing,
because it is painful, time-consuming, and consumes battery energy. If the
implanting physician intends to program the device to maximum output
anyway, DFT testing (which would involve programming at less than maxi-
mum output values) may not be worth the effort. Furthermore, many
patients are likely to be shocked only rarely and only for serious situations.
For such patients, programming maximum energy therapy is appropriate,
and DFT testing is not necessary [1]. This approach has been criticized by
many internationally recognized clinical investigators [2, 6, 10].

Increasingly, DFT testing is omitted at implant. However, when per-
formed, it can help physicians optimize the output settings of the device.
Furthermore, the intracardiac electrogram should be monitored to verify
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Fig. 1. Sigmoidal-shaped
curve for two different pa-
tients. (Modified from [3])



that: (1) there was appropriate sensing during the episode; (2) there was
appropriate detection of the episode; (3) the arrhythmia was converted; (4)
the delivered energy is known; (5) shocking impedance values are within the
acceptable range; (6) the charge time is acceptable.

At least 2 min, but more typically 3–5 min, should be allowed between
defibrillation episodes to ensure full hemodynamic recovery and to mini-
mize any cumulative effects of multiple shocks. The appropriate sensing of
each episode of induced arrhythmia should be confirmed after each induc-
tion. The sensitivity is typically decreased at implant testing (e.g., from 0.3 to
1.2 mV) for adequate sensing of spontaneous ventricular arrhythmias. The
accurate postoperative management of patient, including monitoring of vital
signs and heart rhythm during recovery from anesthesia or conscious seda-
tion, is mandatory (Figs. 2-6) [3].

Biphasic waveforms have become the standard for all ICD pulse genera-
tors. Another factor that can affect DFTs is the polarity of the defibrillation
shock. Reverse polarity, or anodal shocks, result in significantly lower DFTs.
Shock polarity has much less effect on biphasic defibrillation thresholds
than on monophasic thresholds [3, 11–18].

Capacitance is another factor that may affect defibrillation efficacy.
Decreasing the capacitance to 60 to 90 µf modestly reduced DFT in some
studies, but had no effect on stored energy requirements and increased peak
voltage in others. The defibrillation safety margin is reduced with lower
capacitance, because of the higher peak voltages required. As a result, the
strategy of marked reductions of pulse generator capacitance is unlikely to
be pursued in the future.

Some investigators showed that, with active pulse generators, or “hot
cans”, adequate DFTs (< 20 J) could be achieved in approximately 90% of
patients, with this simple single coil lead system [2, 3].

DFT is relatively insensitive to pulse generator size, indicating that defib-
rillation efficacy will not be affected adversely as the pulse generator
becomes progressively smaller. The effect of combining an active pectoral
pulse generator with a dual-coil lead (the “triad” configuration) includes
three shocking electrodes, the active can, and two transvenous coils. In the
initial study of this lead system, it was shown that mean DFT decreased to
36% compared with a dual-coil shocking vector. In that study, 98% of the
patients had a threshold less than 15 J. Of particular clinical relevance is a
reduction of the number of patients with high DFTs, because such patients
have an inadequate safety margin and often require complicated implanta-
tion procedures to test multiple lead positions or shocking vectors [13–18].
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Fig. 2. DFT programming with Guidant VITALITY 2 EL VR

Fig. 3. Induction of ventricular tachycardia at implant 
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Fig. 4. Termination of ventricular tachycardia and identification of the defibrillation
threshold (DFT) at implant 14 J

Fig. 5. ECG of a patient with post-acute myocardial infarction severe dilated cardiomy-
opathy and high threshold at implant even with biphasic inverted shock. At follow-up, a
new electrode position and configuration had to be found for increasing ventricular
defibrillation and defibrillation failure episodes during hospitalization



DFT at Follow-up

Traditionally ICD patients are evaluated with device interrogation and
threshold testing every 3 months. However, given the reliability of modern
pulse generators and leads, follow-up every 6 months among clinically stable
patients is rapidly becoming the norm. Trans-telephonic monitoring of ICD
is growing in popularity, and this approach can further reduce the frequency
of office visits, as reported by Iachetti et al. [19]. Nonetheless, the FDA does
not advocate remote monitoring of critically ill patients with and without
implanted devices and does not recommend the new implanted devices
offered by Medtronic. Many expert-panel members have encouraged the
company to continue studying the device. The problem of DFT monitoring
or reprogramming during follow-up cannot be reasonably addressed by
remote monitoring [3, 19].

Causes and Correction for High DFT at Implant or Follow-up

Despite the marked reduction of DFT with active pectoral pulse generators,
there are st il l  some pat ients w ith unacceptably high thresholds.
Unfortunately, identifying these patients prospectively is difficult. Raitt [20]
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Fig 6. ELA Medical Programming of implantable cardiac defibrillator therapies after
DFT documentation at implant. A DFT of 18 J, and the maximum highest values were
set up at follow-up



showed that there are some clinical predictors of defibrillation efficacy. The
only independent predictors of biphasic DFT were left ventricular mass and
resting heart rate, but not the underlying heart disease, dilated cardiomyopa-
thy, or QRS width [20, 21].

Many causes of elevated DFT have been identified, including poor lead
position, increased high-voltage impedance, pneumothorax, hypoxia,
ischemia, multiple defibrillations, anti-arrhythmic drugs or anesthetics, poor
current distributions, shunting current through guidewires or retained leads,
suboptimal waveform tilt, poor myocardial substrate.

Pacifico [2] reported all the suggested ICD implant values for a 30 J maxi-
mum output ICD. Furthermore, he found that the most commonly used and
conceptually simple algorithm is a step-down determination of DFT.
Clinically, adequate approximation of the DFT can usually be achieved with
1–3 inductions of ventricular fibrillation. For example, successful defibrilla-
tion with 10 J using a device with a maximum output of 30 J is generally ade-
quate to establish an accurate safety margin [2].

Furthermore, based on his own experience and that reported in the litera-
ture, Pacifico described the factors influencing DFT [2]: (1) instrumentation-
dependent factors (active can, shock waveform, lead system, electrode surface
area); (2) recipient-dependent factors (LV mass, LV dilation, body size, body
position, right- vs left-sided implantation, underlying heart disease including
heart failure, ischemia, cardiomyopathy, and an associated pneumothorax);
(3) drug-dependent factors, (anti-arrhythmic drugs, anesthetic agents); and
(4) ventricular-fibrillation-dependent factors (duration, spontaneous vs
induced ventricular tachyarrhythmia). Pacifico also noted the problem of
routine late (> 1 year) DFT retesting of non-thoracotomy systems.

Tokano [22] found no significant changes in the mean DFT in the follow-
up of a series of patients; however, the DFT increased by 10 J or more after 2
years of follow-up in 15% of the patients [22].

Since a 25% increase in DFT over time may be expected for many sys-
tems, even in the absence of anti-arrhythmic therapy or apparent change in
cardiac status, a safety margin of 10 J at implantation may not be sufficient.
Typically, the goal is a safety margin of 15 J, whenever feasible. This may be
even more important for patients who are likely to receive anti-arrhythmic
drug therapy. Other clinical implications of DFT stability have been report-
ed. Chronic DFT testing is warranted in patients who receive anti-arrhyth-
mic drug therapy. Most investigators would agree that follow-up testing is
indicated, also in patients with a change in cardiac status, such as those with
recent infarction or worsening left ventricular function, or the occurrence of
ineffective or unexplained defibrillator shocks, marginal DFT at implant,
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patients who would have not received an ICD shock or when adequate test-
ing could not be performed at the time of initial implantation [15–18,
20–22].

In addition, Pacifico routinely carried out follow-up DFT testing after
adding any new anti-arrhythmic drug [2]. He stressed the importance of fol-
low-up chest X-ray to asses the position and proper function of the implant-
ed electrodes, because migration and dislodgment can affect DFT. There
have been many advisories and recalls of defibrillators and leads. It is there-
fore recommended that all patients, returning for an ICD evaluation with
NIPS should be tested in the electrophysiology laboratory to confirm stabili-
ty of the DFT [2].

DFT in the Pediatric Patient

In pediatric patients, the initial shock is programmed to deliver 20 J and the
second is programmed to deliver the maximum output. If 20 J is successful in
terminating the arrhythmia, the permanent settings used are set for 30–35 J.
If 20 J does not successfully terminate the arrhythmia, the polarity is
reversed and DFTs are performed again. If the DFT continues to be > 20 J,
the lead is repositioned. If high DFTs persist, a second coil or subcutaneous
patch is added. The first choice of coil placement is the innominate vein in
most patients, the superior vena cava in larger patients, and the inferior vena
cava in patients with transposition of the great arteries. A subcutaneous
patch is also used if the veins are too small, stenosed, or thrombosed [7].

Conclusions

The defibrillation threshold should be always tested at implantation. We and
others [2, 6, 10] do not agree with the reasoning that, because many patients
are likely to be shocked only rarely and then for serious situations, program-
ming maximum energy therapy is appropriate for such patients and DFT
testing is not necessary [1].

Traditionally, an implantation safety margin of at least 10 J between the
measured DFTs and the maximal output of the pulse generator is considered
adequate. Since these safety margins are associated with very low rates of
death, due to arrhythmia, in patients with first-generation devices, program-
ming shock strengths to at least 10 J greater than the defibrillation thresh-
olds measured at implantation has become common practice. Results from
the Low Energy Safety Study (LESS) suggested that a safety margin of
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approximately 5 J is adequate with modern ICD systems, employing biphasic
waveforms, transvenous lead, and active pectoral pulse generators, when rig-
orous DFT testing (DFT++) is used.

Thus, traditionally, DFTs are measured only at implantation. This strate-
gy is supported by studies that showed no significant long-term changes of
DFT with epicardial lead systems and transvenous lead and biphasic wave-
forms. However, a minority of patients may show an increase of DFT over
time [20-22].

Routine revaluation of DFT is no longer commonly performed [1–3,
15–18, 20–22]. Nonetheless, such testing is still necessary among patients
treated with anti-arrhythmic drugs, particularly amiodarone, patients with
marginal defibrillation efficacy, at implantation, and patients in whom the
initial shock failed to terminate a spontaneous episode of ventricular tachy-
cardia or fibrillation [2, 3], or at ICD substitution [3, 19].

Most investigators would agree that follow-up testing is also indicated in
patients with a change in cardiac status, such as recent infarction or worsen-
ing LV function, the occurrence of ineffective or unexplained defibrillator
shocks, marginal DFT at implant, patients who did not receive an ICD shock
or in whom, despite adequate testing, a threshold could not be established at
the time of initial implantation [1–3, 15–18, 20–22].
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Current Practice in Italy of VF Testing at Implant: What Do We
Know and Where Do We Go From Here?

MICHELE BRIGNOLE1, GIOVANNI RACITI2, MARIA GRAZIA BONGIORNI3, GIUSEPPE DE

MARTINO4, STEFANO FAVALE5, MAURIZIO GASPARINI6, RAFFAELE LUISE7, ERALDO

OCCHETTA8, ALESSANDRO PROCLEMER9

What Do We Know?

The standardized requirements for cardioverter defibrillator (ICD) implan-
tation, with or without cardiac resynchronization therapy (CRT), include
defibrillation testing (DT), which consists of the induction and termination
of ventricular fibrillation (VF). This procedure has been followed from the
early days of ICD therapy in order to assess the reliability of an implanted
ICD device and to measure the defibrillation threshold. Effective DT is con-
sidered mandatory in accordance with the rules of good clinical practice.

Nowadays, since the implantation procedure for ICDs has become
markedly simplified and the surgical risk is very low, DT can be considered
to be the most critical part of the implantation procedure itself. Although the
risk associated with DT is usually low, serious complications may nonethe-
less occur as a consequence of this practice. Complications include transient
ischemic attack or stroke, cardiopulmonary arrest due to refractory VF or
pulseless electrical activity, cardiogenic shock, embolic events, and death.
This knowledge comes from small single-center retrospective surveys [1]
and from anecdotal experience. However, in the absence of data from large
populations enrolled in multi-center registries, the real magnitude of intra-
operative complications related to DT is still largely unknown.

Although the standardized approach to ICD implantation still includes a
VF induction test, data coming from real-world experience suggest that an
increasing number of first-implantation procedures are performed without
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any induction test. It seems that some physicians are concerned about prac-
ticing DT in patients considered to be at very high clinical risk. For example,
in two single-center populations, Russo et al. [2] reported a lack of induction
testing in 4.7% and Pires et al. [3] in 24% of patients. The reasons for omit-
ting induction testing included intraoperative hypotension or hemodynamic
instability, known cavity thrombus or previous inadequate anticoagulation
therapy, recent cardiovascular accident, severe comorbidities, and the
absence of anesthesia support.

The Associazione Italiana di Aritmologia e Cardiostimolazione (AIAC)
recently conducted a systematic nation-wide retrospective survey to deter-
mine how often and for what reason intra-operative DT was or was not per-
formed, and the complication rate related to induction testing.

An ad-hoc questionnaire was sent to 343 centers implanting ICDs (listed
in the database of the Italian ICD Registry of the AIAC), which essentially
represents all of Italy’s implanting centers. The ICD implantation data col-
lected by the Italian ICD Registry of the AIAC is formatted according to the
recommendations of the European ICD Registry (EURID).

The survey was limited to patients undergoing initial ICD implantation
during the year 2005. Questionnaire and data collection were carried out
through the World Wide Web from June to October 2006. Participating cen-
ters were asked to communicate their data regarding the total number of
ICDs (including those with CRT features), number of implantations in which
DT was performed intraoperatively or before discharge, and number and
type of DT-related complications. DT was defined as at least one induction of
VF. DT-related complications were considered those life-threatening events
occurring immediately after VF induction.

Of the 8,820 first ICD/CRTs implanted in Italy during 2005, data on 7,857
(89%) implantations (38% of whom CRT) performed in the 229 centers that
participated in the survey were analyzed. Of these, 2,356 (30%) implanta-
tions did not include an induction test (Table 1). In 35 (15%) centers, an
induction test was administered in < 25% of the patients, while in 136 (59%)
centers it was done in > 75% of the patients. In a multivariable analysis of a
subset of 1,206 patients from 107 centers, CRT device (OR 1.82) and primary
prevention (OR 1.47) were independent predictors of the decision to not
administer DT. However, all together, clinical variables accounted only for
35% of the total variance, and the remaining 65% was probably unrelated to
clinical factors (Table 2). Life-threatening complications as a consequence of
the induction test were reported in 22 (0.4%) patients: four deaths (0.07%),
eight cardiopulmonary arrests requiring resuscitation maneuvers (0.15%),
six cases of cardiogenic shock (0.11%), three strokes (0.05%), and one pul-
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monary embolism (0.02%). Failure of an ICD defibrillation test, and thus the
need for a backup external defibrillator, was 2.7%, which determined a sys-
tem revision (i.e., additional lead insertion, etc.) in 2.3% of patients.

This nation-wide survey was the largest ever performed and covered 89%
of the overall first-implantations in Italy during 2005. The main finding was
that, in real-world clinical practice, DT was not administered in 30% of
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Table 1. Principal findings

Centers invited to participate 343 (%)

Centers that participated 229 (67)

Total number of first-implant procedures 7,857

With intraoperative defibrillation test 5,501 (70)

Without intraoperative defibrillation test 2,356 (30)

Total number of complications related to defibrillation test 22 (0.4)

Death 4 (0.07)

Cardiopulmonary arrest requiring resuscitation 8 (0.15)

Cardiogenic shock 6 (0.11)

Stroke 3 (0.05)

Pulmonary embolism 1 (0.02)

Table 2. Univariable and multivariable predictors of the decision to not perform the
induction test in a subset of 1,206 patients

Factors Percent Univariable Multivariable
Odds ratio p Odds ratio p
(95% CI) (95% CI)

Age (70 43 1. 31(1.03–0.67) 0.03 1.29 (0.99–1.67) 0.06

Male gender 87 1.22 (0.86–1.72) 0.25 –a –

CRT device 19 2.01 (1.50–2.68) < 0.001 1.81 (1.30–2.53) < 0.001

Primary prevention 45 1.65 (1.30–2.09) < 0.001 1.50 (1.14–1.97) 0.003

Ejection fraction (30% 51 1.68 (1.30–2.16) < 0.001 1.30 (0.97–1.72) 0.07

Dilated vs ischemic 47 1.42 (1.12–1.80) 0.004 –b –

NYHA class > 2 23 1. 96 (1.46–2.63) < 0.001 –b –

aMale gender was not analyzed in the multivariate model because it was not significant in
the univariable analysis
bDilated vs ischemic and NYHA class were not inserted in the multivariable model as these
resulted were covered by the parameter CRT device
CRT, Cardiac resynchronization therapy; NYHA, New York Heart Association



patients, and in most of these cases there was no legitimate reason for the
omission. Nonetheless, DT is still considered part of the standard procedure
of ICD implantation. There was wide heterogeneity between centers and
more than a quarter of Italian centers did not administer DT in ≥ 50% of
their patients. These figures, which were much higher than those expected
from the literature [2, 4], not only reflect the spontaneous non-conformist
opinions of several physicians they also go beyond the current recommenda-
tions of ICD manufacturers. Given the large number of physicians who do
not include DT during ICD implantation, the decision requires explanation
and merits specific actions in response.

One explanation for the limited use of DT is the increasing role of prima-
ry prevention strategies [5, 6], which address patients with very low ejection
fraction and advanced NYHA class [7]. The selection of sick patients due to
expanded ICD indications was recently confirmed in a comparison of USA
and Italian practices [8]. However, all together, the clinical variables account-
ed only for 35% of the total variance whereas the remaining 65% was proba-
bly unrelated to clinical factors. Therefore, the main reasons for the violation
of current standards in so many patients seem to be, on the one hand, the
concern for severe complications related to intraoperative DT and, on the
other, the conviction of a small risk of death due to failure of the ICD to
interrupt VF during long-term follow-up.

In the Italian survey study, the DT-related life-threatening complication
rate was not negligible, accounting for 0.40% of cases, considering that DT in
the analyzed cohort of patients was preferably administered to less sick
patients (Table 2). The complication rate might have been even higher if the
patients with severe heart failure and very low ejection fraction were not
preventively excluded from undergoing DT. In the literature, there are a few
reports based on small studies concerning intraoperative complications. A
report [1] on 440 consecutive single-center ICD implantations showed 0.2%
perioperative deaths, 0.5% difficulty in defibrillation with requirements for
more than three external shocks, and 0.7% perioperative ischemic attack. In
another single-center study [2], consisting of 835 ICD implantations, there
were three (0.35%) perioperative deaths (within 30 days of implant). It has
been reported that shocks during DT may cause hemodynamic compromise
[9], especially in patients with severe heart failure, as are candidates for CRT.
Moreover, anesthesia has a cardiac-depressive effect in the presence of VF
induction [10]. The clinical conditions of patients undergoing implantation
may be worse but might improve later with CRT, thus decreasing the risk of
complications related to DT. For example, a DT delayed up to 2 months after
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CRT device implant, when the patient’s clinical condition has improved due
to CRT, showed effectiveness without compromising safety [11].

Few data are available on the risk of death due to the failure of the ICD to
interrupt a VF during long-term follow-up. Sudden death in patients with
ICD is reported to range from 1.8 to 2.6% during 1–3 years of follow-up
[12–14]. Analysis of the mechanisms of sudden death, with data retrieved
from ICD diagnostic memory, showed that only a quarter of the above-men-
tioned cases could be attributed to shock failure during VF [13]. Therefore, it
can be assumed that the sudden death rate potentially attributable to shock
failure ranged from 0.45 to 0.65% during 1–3 years of follow up. This per-
centage is very similar to the percentage of intra-operative deaths following
VF induction during implantation. There are no data that specifically
demonstrate increased mortality among patients with high DT thresholds at
implant. In a recent study [3], both the success of ICD therapy and sudden-
death-free survival were similar in patients who had defibrillation threshold
measurement, safety margin testing, or no testing.

Where Do We Go from Here?

Is it time to change the current standard of performing DT at the time of
ICD implantation? The question has been previously raised by several expe-
rienced clinicians [2–4, 14, 15]. However, there is no evidence-based answer
yet. The reasons for and against DT are summarized in Table 3. The clinical
impact of DT vs. no DT will remain unclear until the not-negligible intraop-
erative complication rate is weighted against the long-term potential benefit
of DT. Long-term follow-up data regarding the safety and efficacy of ICD
implantation in large groups of patients in whom DT is not performed are
needed. Until this information becomes available, DT should be considered
as a standard practice. Data from the literature and from the present study
support the need to carry out large multicenter studies and emphasize the
urgent need for precise recommendations from the relevant clinical special-
ties.
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Table 3. Advantages and disadvantages of performing DT at the time of implant

Reasons in favor of induction Reasons in favor of noninduction

• Standard practice for ICD implant
• Most device safety studies required DT

at implant
• DT allows the choice of corrective mea-

sures at implant in case of high thresh-
old 
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appropriate sensing of VF

• DT may include the defibrillation
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programming

• No data specifically demonstrate
increased mortality among patients
with high DT thresholds

• A quite small probability of a high
threshold and a failed implant with cur-
rent technology
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old is probabilistic and repeated shocks
below threshold can be effective

• The shocks may cause hemodynamic
compromise

• The cardiac depressive effect of anes-
thesia in addition to VF induction

• In the great majority of patients receiv-
ing an ICD, the initial spontaneous life-
threatening arrhythmia is VT and not
VF; thus, a DT at implant imposes an
additional risk that most patients
would not otherwise have in their lives

• Patients at implant may have worse
clinical conditions that could improve
later with CRT, thus decreasing the risk
of complications related to DT

• In one retrospective analysis, success of
ICD therapies and sudden-death-free
survival were similar in patients who
had defibrillation threshold testing,
safety margin testing, and no testing
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How To Choose Between Single-Chamber and Dual-Chamber
ICD

MAURIZIO DEL GRECO, LORENA GRAMEGNA, MASSIMILIANO MARINI,
MARCELLO DISERTORI

Introduction

Patients in whom an implantable cardioverter defibrillator (ICD) is indicated
and who have concomitant significant sinus-node disease or atrioventricular
block may be candidates for a dual-chamber device. However, it is still a mat-
ter of debate whether the dual-chamber ICD is also advantageous for
patients with preserved sinus and atrioventricular nodal function, as data
from prospective randomized trials are limited. Overall, the number of
implanted dual-chamber devices has been increasing and, according to the
2003 AIAC Registry data, accounted for one-third of all the defibrillators
implanted in Italy, while single chamber devices made up 39%. The theoreti-
cal advantages of dual-chamber ICDs are: better supraventricular tachycar-
dia (SVT) discrimination, optimal treatment of bradyarrhythmias (pre-exist-
ing or drug induced), and major hemodynamic benefits.

SVT Discrimination

The performance of the SVT discrimination algorithm performance in dual-
chamber devices is still under debate. So-called third-generation algorithms,
such as Sudden Onset, Stability, and QRS morphology, have increased the
performance of single chamber ICDs [1, 2]. However, the weakness of these
“advanced” algorithms is the risk of less sensitivity in detecting actual ven-
tricular tachycardia when they are programmed to obtain a higher specifici-
ty [3].
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The distinctive feature of dual-chamber devices is their capability of
sensing and analyzing atrial rhythm and comparing it with ventricular
rhythm during hearth high rates. Clinical trials demonstrated that dual-
chamber devices had a specificity of 80–90% while maintaining 100% sensi-
bility [4–6]. However dual-chamber algorithms can lead to inappropriate
detections and therapies due to the fact that some arrhythmias are difficult
to interpret. Overall, the most difficult rhythms to detect are the 1:1 atrial
flutter and junctional arrhythmia. Since dual-chamber discrimination algo-
rithms rely on information from the atrial lead, final placement of this lead
is crucial. Clinical studies [7, 8] have not demonstrated significant differ-
ences between single- and dual-chamber devices when the number of inap-
propriate therapies was compared. A more detailed data analysis revealed
that in patients with dual-chamber devices, 75% of the inappropriate thera-
pies were due to atrial oversensing or undersensing. This again stresses the
primary role of the atrial lead and the need to carefully position it in order
to get both good atrial sensing and accurate ventricular far-field discrimina-
tion. The importance of the atrial lead position is greater in ICDs than in
pacemakers since the filters used in defibrillators allow continuous and accu-
rate monitoring only if blanking periods are short or even absent. This might
lead to inappropriate detection, in particular when the amplitude of a sensed
P-wave is very low, e.g., during atrial fibrillation (AF) or when ventricular
far-field could not be correctly detected.

Recently, the rate of inappropriate detection of SVT was evaluated in the
multicenter Detect Supraventricular Tachycardia Study [9], which enrolled
patients with clinical indications for ICD. The study subjects were randomly
assigned to receive either a single-chamber ICD or dual-chamber ICD (“last
generation”). In this study, the odds of inappropriate detection decreased by
almost half with use of dual-chamber detection enhancement. It is worth
nothing that this result was also obtained when the device was programmed
in order to minimize unnecessary ventricular pacing.

Hemodynamic Benefits

An emerging issue when choosing the best device to implant is often the latter’s
impact on the patient’s hemodynamics parameters. It was shown that, in sinus-
node-disease patients or in patients with AV conduction disease, sequential AV
pacing with optimized AV delays could yield hemodynamic benefits and
improve clinical outcome, especially in heart-failure patients [10, 11].

It was also demonstrated that asynchronous ventricular activation 
provoked by right ventricular apical pacing, may lead to a deterioration of

240 Maurizio Del Greco, Lorena Gramegna, Massimiliano Marini, Marcello Disertori



ventricular performance [12]. The DAVID [13] (Dual Chamber and VVI
Implantable Defibrillator) study compared the efficacy of dual-chamber pac-
ing with backup VVI pacing in patients indicated for ICD therapy, with no
pacing indication and left ventricle ejection fraction < 40%. The study end-
point was a combined endpoint of death or first hospitalization due to heart
failure. The study was prematurely discontinued because there were fewer
events in the VVI arm (survival rate 83.9% vs 73.3% at 1 year, p ≤ 0.03).

The deleterious effects of apical right ventricular pacing were conclusive-
ly shown in a recent long term follow-up study (53 months) in which 100
ICD patients were enrolled [14]. The results demonstrated that in ICD recipi-
ents without conventional indications for dual-chamber pacing, dual cham-
ber had no advantage over single-chamber ICD with respect to mortality and
arrhythmogenic morbidity in a long-term follow-up. However, a subgroup
analysis in which 35% of ventricular-paced beats served as the cutoff value
in the dual-chamber ICD group revealed a 42% mortality rate for patients
with frequent ventricular pacing compared to 10% of patients with a low rate
of ventricular pacing (p = 0.05, relative risk 4.21).

Furthermore, left ventricular ejection fraction was impaired to a greater
extent in patients with dual-chamber ICD than in patients with single-cham-
ber ICD [15].

In conclusion, prolonged right ventricular pacing, as a consequence of
DDD stimulation, with subsequent impairment of left ventricular function
highlights the positive effects of AV synchronization and negatively affects
prognosis in the ICD patient population. Implementation of an algorithm
that reduced unnecessary ventricular pacing (in patients with preserved AV
conduction) could minimize these negative effects of DDD stimulation [16].

Atrial Fibrillation in ICD Patients

Dual-chamber defibrillators might provide a clinical benefit to patients with
AF, when atrial prevention algorithms and early treatment of AF are consid-
ered. Patients who are indicated for ICDs have a higher incidence of AF,
ranging from 5% to slightly less than 50% depending on the NYHA class
[17]. AF could lead to inappropriate shocks [17], induce ventricular arrhyth-
mias [18], worsen hemodynamic status, and be associated with a higher risk
of embolism. AF in ICD patients is associated with a worse clinical outcome
[19–21].

Anti-tachycardia features, such as overdrive pacing or atrial anti-tachy-
cardia pacing therapies (ATPs), available in some of dual-chamber devices,
were demonstrated to be effective in preventing and terminating atrial
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arrhythmias and reduced the clinical impact of such arrhythmias [22, 23].
Atrial shock, either automatic or manually delivered (with an external acti-
vator), could be used in selected patients in whom the onset of atrial fibrilla-
tion causes rapid clinical worsening.

Conclusions

A dual-chamber ICD is indicated in patients with significant sinus-node dis-
ease or atrioventricular block. In patients with preserved sinus and atrioven-
tricular nodal function, this approach should be considered only when a pre-
vious history of AF or a high risk of AF is present. However, accurate implan-
tation of the atrial lead and programming of the device are necessary to
reduce the inappropriate-therapy rate.

Finally, in patients with left ventricular dysfunction, the use of dual-
chamber ICD should be associated with alternative pacing sites or biventric-
ular pacing.
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Which Patients Should Receive Dual Defibrillators? 
Results of DATAS
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VALLE, JOSÉ RODA

Introduction

The dual-chamber (DC) implantable cardioverter defibrillator (ICD) was
primarily introduced in the market to add atrial-based pacing for those
patients simultaneously affecting by bradycardia and fatal ventricular
arrhythmias. Following the successful introduction of the original VVED
ICDs, device capabilities were rapidly expanded by the addition of AV dis-
crimination and atrial anti-tachycardia therapies (DDED ICDs). It was sug-
gested that these sophisticated devices would overcome the limitations of the
single chamber (SC) devices and that their recommended use would be
extended.

However, some cardiologists and institutions remained concerned
whether the higher costs and complexity of DC ICD could be justified in
terms of real improvement in clinical outcome, and preferred SC ICDs as the
initial option for the majority of candidate patients. In truth, to prevent sud-
den cardiac death from ventricular tachyarrhythmias, which is the primary
mission of a defibrillator, a SC ICD seems sufficient, and most trials focused
on the use of ICDs have been conducted using these devices, including con-
servative studies that used shock-only ICDs (SCD-HeFT) [1–3].

However, physicians involved daily in ICD follow up are aware that a non-
negligible number of patients with these devices frequently require atrial
pacing and develop atrial tachyarrhythmias that can influence clinical out-
come by inducing inappropriate shocks, requiring hospitalization due to
heart failure and stroke, and even resulting in increased mortality. Moreover,
the task of differentiating a supraventricular from ventricular origin of the
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episodes in stored electrograms when only the ventricular channel is avail-
able can become very difficult if not impossible.

Nevertheless, these theoretical benefits of the widely-used DC ICDs have
been questioned for several reasons, among them the higher cost and possi-
ble complications. Moreover, the possibility of deterioration in left ventricu-
lar systolic function, with an increase in hospitalizations and mortality, has
become evident in the last several years. The DAVID study [4], which tried to
assess the superiority of DC over SC ICDs, was prematurely interrupted after
detecting a worsened outcome in the DC group. This was largely attributed
to the unintended adverse effects on left ventricular structure and function
of a high percentage of the right ventricular cumulative pacing, associated
with non-controlled AV interval programming.

The Dual Chamber & Atrial Tachyarrhythmias Adverse Events Study
(DATAS) was designed to study the ability of DC ICDs to better reduce clini-
cally significant adverse event compared to SC ICD in a non-selected popula-
tion with conventional indications for ICDs [5]. DC ICD was intended as a
device able to offer atrial-based pacing, AV discrimination, and electrical
therapies for both atrial and ventricular tachyarrhythmias (DDED in the
NASPE/BPEG Defibrillation Code) [6]. In spite of the recommendation for
atrial-based stimulation, special care was taken to prevent unnecessary ven-
tricular pacing by prolonging AV interval programming.

How Does Dual-Chamber ICD Improve Outcome?

Obviously, atrial-based pacing for correction of bradycardias not present at
the time of implant could constitute an important benefit, especially in the
treatment of drug-induced disturbances. Except for ACE inhibitors or
angiotensin II receptor blockers (ARBs), those treatments that demonstrate a
reduction in mortality and improved symptoms and quality of life, i.e. beta-
blockers and sotalol [7, 8], are able to deteriorate sinus and AV node func-
tions, as can amiodarone. For example, 70% of the MADIT II patients were
under beta-blocker therapy [9]. In clinical practice, beta-blocker therapy
should be withdrawn in 15% of patients, even more in the case of those with
bradycardia.

Atrial pacing can favorably impact such patients by acting synergistically
with drugs, not only preventing pauses, but providing adequate exercise rate
response. Melzer et al. reported a prevalence of chronotropic incompetence >
38% in 123 ICD patients. Chronic anti-arrhythmic therapy with beta-block-
ers and amiodarone, particularly a combination of the two, was associated
with a higher occurrence of the condition [10].
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Atrial tachyarrhythmias are very prevalent in ICD recipients, resulting in
inappropriate therapies [11]. However, if atrial tachyarrhythmias are consid-
ered only as a source of inappropriate shocks, then this is probably an over-
simplification of the case. Atrial tachyarrhythmias can induce or worsen heart
failure or stroke, and AF is an independent factor of increased mortality. AF
after myocardial infarction independently predicted death in the GUSTO-III
trial [12]. Furthermore, a retrospective analysis of the Studies of Left
Ventricular Dysfunction Prevention and Treatment trials [13] showed that
patients with AF at baseline, compared to those in sinus rhythm, had greater
and significant all-cause mortality (34 vs 23%), death attributed to pump fail-
ure (16.7 vs 9.4%), and were more likely to reach the composite end-point of
death or hospitalization for heart failure (45 vs 33%); but there was no signifi-
cant difference between the groups regarding arrhythmia-induced deaths.
Also, the European GEM DR evaluation study detected a higher early mortali-
ty of patients with ICDs compared to patients with episodes of AF [14].

By definition, the DC ICD is a unique device with atrial electrical therapy
capabilities, i.e., anti-tachycardia pacing, and atrial shocks. A high efficiency
in the treatment of atrial tachyarrhythmias has been shown with either of
the two components. The efficacy of atrial anti-tachycardia pacing ranges
from 55 to 66% and the adjusted success rate of atrial shock for atrial fibril-
lation is > 60% [15, 16]. The administration of atrial electrical therapy
decreases AF burden and the number of episodes [17, 18]. Significantly, at
least in the group of patients with drug-refractory AF, the efficacy of atrial
electrical therapy seems to have clinical repercussions, with a reduction in
the number of hospitalizations and cardioversions [19].

Although the so-called additional criteria offered by SC devices can
achieve acceptable results in certain patients, the difficulty in achieving a
balance between sensitivity and specificity remains their most important
limitation. For example, in SC ICDs the use of the sudden onset and stability
alone may yield a specificity as high as 96% for rejecting sinus tachycardia
and AF at ventricular rates < 180–190 bpm [20, 21]. At higher rates, because
of regularization of ventricular activation, the specificity for AF using ven-
tricular interval stability alone declines significantly. At higher rates, because
of normalization of ventricular activation, the specificity for AF using ven-
tricular interval stability alone declines significantly. Further improvements
come at a high price, i.e., an unacceptable reduction in sensitivity for the
detection of true ventricular arrhythmias (to 80–90%). The addition of an
atrial signal can enhance detection performance. Although some studies
have not found improved discrimination with such algorithm types [22], a
specificity of 85.8%, sensitivity of 100%, and a positive predictive value of
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95.2% with the second version of the PR Logic (Medtronic) were recently
reported [23].

It must be stressed that recognition of dual tachycardias (a condition not
rare in ICD recipients) is not possible without atrial electrograms [24] (Fig.
1). The distinction is meaningful because it has been suggested that dual
tachycardia episodes in which ventricular therapy stops only the ventricular
arrhythmia but not the AF promote earlier recurrences than when both
tachycardias are therapeutically suppressed (AF begets VT/VF) [25]. In vir-
tually all such episodes, information from the atrial chamber allows proper
interpretation of detection and therapy outcome, avoiding speculative diag-
noses of many of them. Significant changes in patient treatment and man-
agement could be introduced from this more accurate information.

The above-described benefits are assumed to be associated with a low
rate of complications with respect to implant procedure, system performance
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Fig.1.Dual tachycardia.a Ventricular tachycardia during an episode of atrial fibrillation treat-
ed with unsuccessful antitachycardia pacing. b The shock administered for the ventricu-
lar tachycardia suppresses both arrhythmias and restore synus rhythm. The data are
arranged as an atrial electrogram (A-tip to A-ring), HVA-RV coil electrogram, PP inter-
val values,atrial and ventricle marker channel,and RR interval values (25 mm/s chart speed).
The correct diagnosis is not possible without information from the atrial channels



during follow-up, and avoidance of the previously unsuspected deleterious
effects of right ventricular pacing. Complications reported in the evaluation
of DC devices are few and their rates are closed to those reported for SC
ICDs; the actuarial estimates of 6-month complication-free survival and total
survival were 88 and 94%, respectively [11]. Both the avoidance of complica-
tions and the ability to achieve high-quality system performance require
adequate training and implant volume [26]. It has been suggested that the
rate of complications, mainly lead dislodgements, is related to the learning
curve, and improves with increasing team experience [27]. Current algo-
rithms to minimize ventricular pacing or biventricular stimulation prevent
previously unsuspected deleterious effects of right ventricular pacing,
although high-quality training and volume are essential requirements for
insertion of the left ventricular leads.

Thus, the different benefit mechanisms and complication sources indicate
that DC ICD evaluation should be performed through randomized trials
seeking improvements of global outcome, and avoiding investigation on only
partial aspects. This was the subjacent rationale to the design of DATAS.

The DATAS Trial Design and Results 

DATAS trial was a prospective, multicenter, randomized, open-label study
with three arms (two of them cross-over and the third paralleling the other
two) (Fig. 2) involving 36 centers in Spain, Germany, Italy, the UK, Portugal,
and Israel.
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ed; FU, follow-up



Inclusion criteria were standard class I criteria for a Sc ICD [28], with an
amendment in November 2001 to include MUSTT patients, when such indi-
cations appeared in the European Society of Cardiology guidelines [29]. The
main exclusion criteria were patients without structural heart disease, indi-
cation for biventricular pacing, previous ICD implanted, and accepted indi-
cations (symptomatic sinus node disease, all second-degree AV block, except
asymptomatic Mobitz I, and all third-degree AV block) and contraindica-
tions (permanent atrial tachyarrhythmias) for DC pacing.

The 354 patients who fulfilled the study inclusion criteria were randomly
assigned in a 1:1:1 proportion between SC ICD (SC true arm), DC ICD (DC
true arm), and a DC ICD programmed as a SC device (SC-simulated). All
patients were followed for 17 months. SC-simulated and DC true were
crossed-over at 8 months of follow-up, with a 1 month wash-out period. All
DC true devices were programmed with the PR Logic discrimination algo-
rithm activated. For SC arms, stability criteria were used and other available
SC algorithms for discrimination of supraventricular tachyarrhythmias were
allowed (i.e., onset criteria and electrogram width).

Pacing mode was DDD 60–70 bpm with strong recommendation for long
AV delays (minimum values of sensed AV interval 200 ms and paced AV
interval 230 ms) to avoid unnecessary pacing in the DC arm, and mode
switch was turned on. Pacing mode was VVI-40 or less in the true SC and
SC-simulated arms.

Atrial detection was activated in both the DC and SC-simulated (atrial
fibrillation 100–150 ms, atrial tachyarrythmias 100–320 ms) arms, but atrial
therapies (i.e., burst, ramp, 50 Hz burst and defibrillation therapy) were only
programmed in the DC arm.

The primary composite end-point included all-cause death, invasive
intervention, hospitalization or prolongation of hospitalization of cardiac
origin, inappropriate shocks (at least 2 episodes), and symptomatic sus-
tained (more than 48 h) atrial tachyarrythmias. This composite endpoint was
denominated Clinically Significant Adverse Events (CSAE). It was evaluated
by defining a prespecified score corrected for the follow-up duration. Each
component of the composite end-point counted as one point, except death,
which as worst outcome was assigned the maximum number of adverse
events reached plus one.

The complete analysis, which will be the primary publication objective, is
still on-going, although preliminary results regarding the main comparison,
DC vs SC have been obtained and were presented in the last Cardiostim Late
Breaking Clinical Trial.
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Among the 334 patients, 111 were randomly assigned to SC true ICD, 111
to SC-simulated and 112 to DC true and were followed during a mean follow
up of 15.7 ± 3.4 months.

The patients were score-ranked according to CSAE criteria, death, and
suitability of intervention by intention to treat. In the SC arm there were 193
CSAE, with a total follow-up of 1728 months, compared with 138 CSAEs and
1833 months for the DC true arm (rate of CSAEs 0.112 vs 0.075). Relative risk
of CSAEs in patients treated with DC ICDs compared to SC true ICDs was
0.67 (CI95% 0.59–0.78), resulting in a clinically and statistical significant
33% reduction in the risk of suffering S-CSAE in DC ICDs recipients.

Thus, the conclusion from DATAS was that if ventricular pacing is mini-
mized and the complications rate is low, then DC ICD can improve the out-
come of non-selected patients with class I ICD indications, regardless of the
absence of pacing indications.

The mean AV intervals programmed in the DC devices were 221.8 ± 51.2
ms (spontaneous atrial activity sensed) and 231.6 ± 45.0 ms (atrium paced).
With these AV intervals, the median cumulative right ventricular pacing was
30.0% while median atrial pacing was 35%.

DATAS and Other Clinical Studies

So far, there has been no other study comparing DC ICDs with SC ICDs. The
few trials available were conducted with DC devices without atrial therapies
and were compared, on the one hand, with AV discrimination performance
between DC algorithms vs other criteria and, on the other hand, with the
prognosis to add or not atrial-based pacing 

Although other, smaller studies did not encounter differences in AV dis-
crimination with the use of DC ICDs, the Detect SVT study [30] did. The
trial randomized 400 patients who received DC ICDs for conventional indi-
cations to single- or dual-chamber detection. The primary end-point was the
proportion of expertly adjudicated SVT episodes that met ventricular rate
detection criteria and were inappropriately classified as VT. The corrected
inappropriate detection rates were 46.5 vs 32.3% for the single- versus dual-
chamber groups, respectively. Thus, DC enhancements reduced overall inap-
propriate detections by nearly 50% compared with SC detection.

The DAVID trial [4] compared SC programming VVI-40 vs DDDR-70
(rate-responsive atrial pacing and AV discrimination) in patients very simi-
lar to those enrolled in the DATAS trial (class I) but with a ejection fraction
≤ 40%. The study was prematurely stopped after a low conditional power for
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the original alternative was detected (DDDR-70 being better that VVI-40).
Pacing settings, specifically with AV interval duration allowing high rates of
right ventricle pacing, may have accounted for this trend to worst status in
the VVED arm. Actually, the main comparison in the DAVID trial was
patients with a high cumulative percentage of right ventricular pacing (up to
59% in the DDDR arm) vs patients hardly paced (3% in VVI-40 arm).
Similarly, control of the AV interval in the DATAS trial seems crucial to
explaining the improved outcome in patients assigned to the DC-ICD arm.

Recently, the INTRINSIC trial, a non-inferiority trial with a design very
similar to that of the DAVID study, also reported a preserved (better) out-
come in patients randomized to DC ICD (DDDR mode programmed but
with an AV extension algorithm activated; AV search hysteresis, Boston
Guidant) compared to patients programmed in VVI-40. The findings pointed
out the importance of maintaining both AV and VV synchronies in this very
sensitive group of patients [31].

Conclusions

Patients with conventional indications for ICD are predisposed to frequent
atrial-related problems, with a significant clinical impact on quality of life,
morbidity, and mortality. DC ICDs with both atrial pacing and anti-tachycar-
dia therapies offer a rational approach to solving these problems. The DATAS
trial results are thus far concordant with the data from several recent trials
and support the role of DC ICDs in the general candidate population, in spite
of the absence of atrial-based pacing indications at the time of implant.
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Prevention of Sudden Death in Patients with Genetic
Arrhythmias

PIETRO DELISE

Introduction

In recent years a number of genetic heart diseases have been recognized that
can be complicated by malignant arrhythmias leading to sudden death [1].
These genetic diseases can be divided into two groups: (1) channelopathies
(congenital dysfunction of cellular ion-channels without macroscopic heart
disease) and (2) genetic cardiomyopathies.

Channelopathies

Table 1 summarizes the main channelopathies. Long QT syndrome (LQTS),
short QT syndrome (SQTS), Brugada syndrome (BS), and catecholaminergic
polymorphic ventricular tachycardia (CPVT) can lead to sudden death due
to malignant ventricular arrhythmias.

Long QT Syndrome

In LQTS [2–9] there is either a loss of function of K channels, including IKr,
IKs, and IK1, or a gain of function of the Na+ channel. In about 70% of cases
the responsible gene can be identified, and many different genes may be
involved (KCNQ1/KvLQT1, KCNH/HERG, SCN5A, etc.). Currently, eight
forms of LQTS have been identified (LQT1–LQT8), the most common being
LQT1, LQT2, and LQT3 (globally 90% of genotyped patients). The respective
prevalence of LQT1, LQT2, and LQT3 is about 60, 32, and 8%. LQTS can also
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be associated with deafness in the Jerwell and Lang-Neelsen syndrome
(JLNS) [2], which comprises two variants, JLNS1 and JLNS2.

The incidence of major events before age 40 years (syncope, cardiac
arrest, sudden death) ranges between 30 and 46% according to genotype
(LQT1 30%, LQT2 46%, LQT3 42%).

LQT1 and LJNS are characterized by the occurrence of malignant
arrhythmias almost exclusively during effort and in general during cate-
cholamine stimulation. In LQT2, arrhythmias can occur at rest and during
effort and are frequently initiated by additive stress. In LQT3, arrhythmias
generally occur at rest or during sleep.

Short QT Syndrome 

A gain of function of the K channels IKs, IKr and IK1 is the mechanism
behind SQTS [9–11]. Three main forms related to different genetic mutations
have been identified: SQTS1, SQTS2, and SQTS3. It is interesting to note that
thesame gene, is involved in LQT1 and SQTS2, LQT2 and SQTS1, and LQT7
and SQT3. That is KCNQ1/KvLQT1, KCNH2/HERG and KCNJ2/Kir1-2,
respectively. This syndrome can be complicated by both atrial and ventricu-
lar fibrillation.

Brugada Syndrome

The loss of Na-channel function that occurs in BS [12–17]  is due to a muta-
tion of the SCN5A gene. This mutation is found in about 18–30% of cases. The
syndrome is characterized by ST-segment elevation in the V1–V3 leads and
right ventricular conduction delay. BS patients may present with ventricular
tachycardia (VT)/ventricular fibrillation (VF) at rest. Fever and the use of class
IC anti-arrhythmic drugs can disclose and/or enhance the ECG signs charac-
teristic of BS. The typical ECG pattern is type 1 (coved pattern, J > 2 mm, neg-
ative T wave). Type 2 (saddle back pattern, J > 2 mm, positive T wave) and type
3 (minor J elevation) are considered diagnostic only if they are converted into
a type 1 pattern by the administration of class 1C anti-arrhythmics.

Catecholaminergic Polymorphic Ventricular Tachycardia

In CPVT [18, 19] there are defects in intracellular calcium release or storage.
The condition is complicated by malignant arrhythmias, which are typically
induced by effort.
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Genetic Cardiomyopathies

This group of diseases includes hypertrophic cardiomyopathies, dilated car-
diomyopathies, and arrhythmogenic right ventricular cardiomyopathy. In all
of these, the arrhythmias are the consequence of the organic anomalies aris-
ing from the genetic defects. In other words, the arrhythmias are not geneti-
cally determined per se, but are secondary to the genetic mutation. For this
reason, this group of diseases is not further discussed here.

Identification of Risk Factors in Genetic Arrhythmias

In channelopathies, the risk of sudden death, beyond being due to the phe-
notype itself, is related to multiple factors, which probably only partially
have been identified. A familial history of sudden death is generally consid-
ered a major risk factor, although some clinicians do not consider it as an
independent factor (e.g., in BS) [16].

Gender can be a risk factor in particular conditions. For example, in
LQTS gender can influence the prognosis associated with the different genet-
ic defects [8]. In particular, male sex is a strong risk factor in LQT3 and
female sex is a strong risk factor in LQT2.

The presence of symptoms such as syncope, pre-syncope, or dizziness is
an important risk factor that has been frequently correlated to self-limited
brief episodes of malignant arrhythmias.

Comorbidity can increase the risk under particular conditions. For exam-
ple, deafness (present in JLNS) [2] and a post-partum condition increase the
risk of arrhythmia in LQTS.

The entity of ECG changes in the basal tracing are generally correlated
with a risk of arrhythmia. In LQTS, lengthening of the QT interval is strongly
correlated with risk [8], with subjects showing a QTc > 500 ms being at high-
est risk. In BS, the presence in the basal ECG of a clear type 1 pattern is cor-
related to a higher risk of arrhythmia, while type 2 and 3 patterns imply a
lower risk [14–16].

Effort test may be useful in LQTS in order to document the absence of
adaptation of the QT interval during increasing heart rate. It is also useful in
CPVT as it frequently reproduces ventricular arrhythmias at a fixed thresh-
old.

Holter monitoring is generally not informative. However, in SQTS it can
aid in the recognition of a short QT interval during phases of bradycardia.

Electrophysiological study (EPS) has no role in the diagnosis of LQTS or
CPVT. In SQTS, EPS frequently induces VT/VF in symptomatic subjects [10],
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but the prognostic significance of this finding in asymptomatic patients is
unknown.

The prognostic significance of EPS in BS is controversial. According to
Brugada et al., EPS is useful to predict the risk of sudden death [14]. These
authors suggested that the results of EPS are closely correlated with the clini-
cal characteristics of the patients. In fact, VT/VF is inducible in 81% of
patients with a previous history of aborted sudden death, in 61% of patients
with a previous history of syncope, and in 34% of asymptomatic individuals.
Furthermore, a significant positive predictive value of EPS that varied in dif-
ferent categories of patients was observed: 54% in individuals with a history
of aborted sudden cardiac death, 23% in patients with syncope, and 12% in
asymptomatic patients, during a mean follow-up of 31 ± 41 months. It is
important to note that while a 12% predictive value in asymptomatic indi-
viduals may seem low, it refers to both otherwise healthy and asymptomatic
individuals. Our own experience [17], in a more limited number of cases, is
similar to that of Brugada et al. [14].

Nonetheless, not all clinicians are in agreement with those findings.
Instead, some have suggested that EPS reproducibility is only 70%, probably
because of the variability of Na-channel function in these patients [20].
Other authors have rejected the usefulness of EPS completely [21, 22].
However it must be emphasized that in the latter series the number of
patients was small, with a high percentage being asymptomatic.

Risk Stratification on the Basis of a Polyparametric Approach

Among the LQTS subjects at highest risk (> 50% probability of experiencing
a major event before age 40) are those with a QTc > 500 ms independent of
gender in LQT1 and LQT2, and in males with LQT3 [8]. Other factors
increase the risk: previous VT/VF, deafness (JLNS) and post-partum. At low-
est risk (< 30%) are patients with a QTc < 500 ms, with LQT1, and males with
LQT2.

In SQTS, symptomatic subjects with a familial history are probably at
highest risk.

In BS, according to Priori et al. [15], three groups of patients with
decreasing risk can be identified: (1) patients with a typical ECG pattern and
a history of syncope; (2) asymptomatic patients with a typical ECG pattern;
(3) asymptomatic patients whose ECG reveals the Brugada pattern only after
anti-arrhythmic drug challenge.

Brugada et al. [23] published a study in which 547 individuals with typi-
cal ECG pattern and no previous cardiac arrest were prospectively followed.
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The study considered three major risk factors: typical ECG pattern in the
basal ECG, syncope, and inducible VT/VF during EPS. By logistic regression
analysis of these variables, eight groups were identified, with a risk of car-
diac arrest during a 2-year follow-up varying from 0.5 to 27.2%. The highest-
risk group (27.2%) consisted of individuals with a typical ECG, at least one
syncopal episode, and positive EPS. In the lowest-risk group (0.5%) was one
subject with an ECG that was diagnostic only after drug administration, who
was otherwise asymptomatic, and had a negative EPS. An asymptomatic sub-
ject, with a typical ECG pattern and a positive EPS, had an intermediate risk
(14%).

In CPVT, the association of family history and syncope identifies subjects
at highest risk.

Behaviors That Can Prevent Sudden Death 

In some genetic diseases, particularly LQT1 and CPVT, sports activities can
facilitate the occurrence of malignant arrhythmias.

Certain drugs can be deleterious in some diseases. For this reason, all
drugs that prolong the QT interval should be avoided by patients with LQTS.
Ajmaline and class IC anti-arrhythmic drugs should be avoided in patients
with BS.

Pharmacologic Prevention of Sudden Death

Beta-blockers are recommended by current guidelines [24] for patients with
LQTS (especially LQT1 and LQT2) and CPVT (class I, evidence B and C).
They have no effect in SQTS or BS.

Quinidine may prolong the QT interval in SQTS and modify ECG changes
in BS [25]. In the latter pathology, it may reduce the inducibility of VT/FV
[25, 26]. However, prospective randomized studies are not available to estab-
lish the efficacy of quinidine in preventing sudden death.

ICD Implantation To Prevent Sudden Death

Implantable cardioverter-defibrillators (ICDs) are the most effective method
for preventing sudden death. Current guidelines [24] recommend ICD
implantation for secondary prevention in patients with previous cardiac
arrest (class I, evidence A–C in various diseases).

In patients with LQTS and syncope, an ICD can reduce sudden death also
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in patients on beta-blockers (class IIa, evidence B). In patients with BS type 1
pattern with syncope or VT without cardiac arrest, ICD implantation is con-
sidered reasonable (class IIa, evidence C).

In primary prevention, ICD is not generally recommended in asympto-
matic patients without documented malignant arrhythmias.

Some clinicians have suggested the implantation of an ICD in patients at
higher risk. The problem is that it is not always easy to precisely predict risk
in a single patient. Furthermore, in contrast to other more common patholo-
gies, such as ischemic heart disease or heart failure, randomized primary
prevention trials for patients with genetic arrhythmias are not available.

Nonetheless, in asymptomatic LQTS, ICD may be suggested for patients
in the highest risk categories (class IIb, evidence B). In asymptomatic BS, the
role of EPS in identifying candidates for ICD implantation is still considered
to be controversial (class IIB, evidence C).
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Cost-Effectiveness of ICD Therapy in the Prevention of Sudden
Death in CAD and/or HF Patients

ANDREA POZZOLINI

Introduction

Sudden cardiac death (SCD) is one of the most common causes of death in
Western countries [1, 2], and its prevention poses a major challenge to both
policymakers and health-care providers. The fundamental principle of evi-
dence-based medicine is that clinical practice should rest on a sound scien-
tific foundation established by clinical studies involving human subjects. The
strategies of primary and secondary prevention of SCD with the implantable
cardioverter defibrillator (ICD) have received increased attention in the last
few years, mainly because multiple prospective randomized clinical trials
(RCT) [3, 4] have yielded concordant and consistent results showing that
ICD therapy is highly effective in reducing SCD and all-cause mortality in
selected patients with impaired left ventricular function on optimized med-
ical treatment (OMT), including post-MI patients as well as patients with
nonischemic cardiomyopathy. It is now known that in such patients ICDs
reduce mortality by approximately one-third over and above OMT [3–8].
Faced with this evidence, recently updated practice guidelines [9–11] have
suggested a broadening of the indications for prophylactic ICD use; but
opinions diverge on the desirability for expansion of this expensive thera-
peutic strategy, whose widespread implementation threatens to impact heav-
ily on public health-care spending. Thus nowadays, due to the high cost of
ICDs and the large population of patients potentially eligible to receive
them, the debate on ICDs has moved from issues of feasibility and effective-
ness to questions about costs and cost-effectiveness. The persisting contro-
versy reflects the evolution from evidence-based to value-based medicine
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[12]. Since health-care resources are limited, when therapies are both effec-
tive and expensive, it is both reasonable and necessary for health-care
providers and purchasers to quantify the expected benefits for the money
they spend, particularly when in the face of the many competing programs
in an atmosphere of cost containment. The basic assumption is that clinical
efficacy does not necessarily imply public priority. The challenge to health-
policymakers is to conjugate equity in distribution with efficiency in alloca-
tion of health-care resources. Newer therapies are typically more expensive
than older ones; thus, an important question is whether patient outcomes are
improved sufficiently to justify the added expense [13]. The academic disci-
pline of formal cost-effectiveness analysis is the best available approach to
the question, which it seeks to answer by comparing alternative therapeutic
strategies, calculating the ratio of incremental cost to incremental effective-
ness (incremental cost-effectiveness ratio, ICER) and expressing clinical out-
comes in terms of “years of added life” or “quality-adjusted life years”
(QALY) gained [14–18]. Comparisons to other therapies are then possible.
The lower the ICER, the better the use of resources and the more cost-effec-
tive the therapy. The typical upper-limit benchmark conventionally used to
identify therapies that provide good value is US$ 50,000 per life-year saved
(per QALY gained), which is the cost of dialysis treatment for end-stage renal
disease [19]. An ICER of US$ 100,000 or more is typically considered a poor
value for the money. Nowadays, in a context of cost-overburdened health-
care systems, health economics is considered an integral part of clinical sci-
ence, and includes an assessment of whether an intervention is worthwhile
given the resources and alternative options available. The subsequent deci-
sions drive and support societal decision-making for resource allocation in
those cases in which not everything that is potentially possible can be done.

ICD Cost-Effectiveness: the Evidence from Randomized Clinical Trials

We will now consider the clinical and economic evidence from the major
individual ICD trials, always bearing in mind that cost-effectiveness depends
on the population being studied, and that comparing the results from cost-
effectiveness analyses of trials enrolling appreciably different patients
requires caution and careful consideration of design features [20, 21].

Early clinical studies showed that the implantation of ICDs reduced mor-
tality in the small population of patients who had survived a spontaneous
episode of ventricular fibrillation (VF) or sustained ventricular tachycardia
(VT) [22].
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The AVID Trial [6] concluded that ICD therapy reduces mortality com-
pared with anti-arrhythmic drugs (AADs) in survivors of serious ventricular
tachyarrhythmias. However, by confining its length of follow-up to only 1.5
years, rather than patient life-expectancy or device longevity, the base-case
ICER was found to be moderately expensive: at 3 years of follow-up, the
expected survival for patients treated with the ICD was 0.21 years longer
than for AAD at an incremental cost of US$ 14,101, yielding an ICER of US$
66,677 per life-year saved (LYS) by the ICD over AADs [23].

The Canadian Implantable Defibrillator Study (CIDS) demonstrated a
trend toward a lower risk of death with ICD therapy vs amiodarone (20% rel-
ative reduction, p = 0.14) over an average follow-up of 36 months in sur-
vivors of life-threatening ventricular arrhythmias [24]. The 4.3% absolute
reduction in mortality rates translated in a number needed to treat (NNT) to
save one life of 23 patients, significantly higher than the NNT of 9 at 3 years
of follow-up of AVID, while the smaller survival benefit (0.23-year, not
achieving statistical significance) and an increased cost difference (US$
31,925) between ICD- and amiodarone-treated patients resulted in a CIDS
base-case ICER over 6.3 years of follow-up of US$ 138,803, roughly twice as
high as the AVID trial and economically unattractive [25]. This notwith-
standing, the long-term follow-up study of a subset of 120 CIDS patients by
Bokhari et al. [26] showed how long-term efficacy at up to 11 years (mean 5.9
years) may be higher than at mid-term, with a reduction in the relative risk
of mortality of 43%, compared with 20% at 3 years in the original CIDS
study [24]. Boriani et al. [27] calculate that such an increase in long term
efficacy would reduce the NNT to save one life to just five patients (at the
long-term follow-up of Bokhari’s sub-study).

After the clinical evaluation of ICD therapy for the secondary prevention
of SCD, eventually other trials evaluated the therapy as a means of primary
prevention of SCD in high-risk patients with ischemic and non-ischemic
heart disease and reduced left ventricular ejection fraction (EF); the results
of these primary prevention trials provide unequivocal proof of the survival
benefits of ICD therapy. Economic analyses were conducted to evaluate the
incremental cost-effectiveness ratio of ICD for primary prevention of SCD
compared to optimal medical treatment.

Economic analysis of the MADIT population (patients at high risk of
sudden arrhythmic death, with EF ≤ 35% and spontaneous as well as
inducible ventricular arrhythmias) resulted in an ICER of US$ 27,000/LYS
[28]. The ICER (corrected to 1997 dollars) in MADIT was less than half that
found in AVID, US$ 30,337/LYS vs US$ 66,677/LYS, mainly because the sur-
vival difference was 3.6 times greater in MADIT.
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The MADIT II study highlighted the possibility of effective primary pre-
vention of sudden death in those patients with coronary artery disease who
were selected by straightforward clinical data and without expensive screen-
ing, such as electrophysiological study. For patients with healed myocardial
infarction and EF < 30%, ICD therapy was shown to reduce mortality risk by
approximately 31% in the following 2 years compared with drug therapy [5].
The study raised concern about its impact on health-care systems, because
32,000–66,000 people in the US annually fit its eligibility requirements [29,
30].

As reported by Al-Khatib et al. [30] in a study based on data from pub-
lished literature, databases owned by Duke University Medical Center and
Medicare data, without use of cost information from the trial, ICDs were
projected to improve survival in MADIT II-like patients by 1.80 discounted
years, w ith a marginally attract ive ICER of US$ 50,500/LYS (US$
57,000/QALY). Sensitivity analysis suggested that the ratio could vary greatly
depending on the assumptions made, with the cost of replacing ICD batteries
and leads exerting the greatest effect on cost-effectiveness.

A cost-effectiveness analysis combining patient outcome and economic
data from the MADIT II trial [31] included 1,095 US patients with complete
data relating to clinical costs, including number of office visits, diagnostic
tests and procedures, hospitalizations, emergency department visits, medica-
tions, and other health-care services. During the 3.5-year period of the study,
the average survival gain for the ICD arm was 0.167 years (2 months), clearly
smaller than that seen in MADIT, which randomized only those patients who
had inducible ventricular arrhythmias in response to invasive electrophysiol-
ogy (EP) studies; the additional costs were US$ 39,200, and the ICER of ICD
therapy was in the “very expensive” range (US$ 235,000/LYS). However, three
alternate projections extrapolated to 12 years of follow-up revealed incre-
mental cost-effect iveness rat ios ranging from US$ 78,600 to US$
114,000/LYS. The authors concluded that the estimated cost per year of life
saved by ICD therapy in the MADIT-II study was high, at 3.5 years, but it was
considerably lower based on projections for longer intervals.

The COMPANION trial [7] was the first trial that was sufficiently pow-
ered to evaluate the effects of cardiac resynchronization therapy (CRT) on
the incidence of death and hospitalization, and demonstrated that CRT
either without (CRT-P) or with the addition of an ICD function (CRT-D)
reduced the combined risk of all-cause mortality or first hospitalization
among patients with advanced heart failure and intraventricular conduction
delays [7]. Investigators from the COMPANION trial modeled the trial data
on an intention-to-treat basis to estimate the incremental cost-effectiveness
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of CRT-P and CRT-D plus OMT relative to OMT alone over a base-case 7-
year treatment episode [32]. Over 2 years, follow-up hospitalization costs
were reduced by 29% for CRT-D. With extension of the cost-effectiveness
analysis to a 7-year base-case time period, the ICER for CRT-D was US$
46,700/LYS and US$ 43,000/QALY gained relative to OMT [32], below the
benchmark of US$ 50,000, generally accepted to identify therapies that pro-
vide good value. This suggests that the clinical benefits of CRT-D can be
achieved at a reasonable cost. In a recent work, Yao et al. [33] assessed the
long-term cost-effectiveness of CRT-P compared OMT alone, and the cost-
effectiveness of CRT-D plus OMT compared with CRT-P plus OMT, on incre-
mental cost per QALY and life-year using data from the CARE-HF [34] and
the COMPANION [7] studies. Using a decision-analytic model based on a
Markov model and a Monte Carlo simulation, and taking into account the
estimated additional benefit of an ICD on survival, as determined by COM-
PANION, the authors concluded that long-term treatment with CRT-P for
patients with heart failure and cardiac dyssynchrony is much more cost-
effective than medical therapy (ICERs of US$ 9528/QALY gained and US$
7011/LYS). Meanwhile, the ICERs of CRT-D compared with CRT-P were US$
62,067/QALY gained and US$ 46,456/LYS, suggesting that from a lifetime per-
spective, the addition of an ICD function, assuming the patient has a reason-
able life expectancy if he or she receives effective treatment for heart failure,
may further reduce the risk of sudden death, and may also be more cost-
effective than CRT-P plus OMT [33].

Considered a landmark study, the Sudden Cardiac Death in Heart Failure
Trial (SCD-HeFT) [8] enrolled patients with NYHA class II/III HF of ischemic
or nonischemic origin and a left ventricular EF ≤ 35% who were on OMT.
Patients were randomized to receive ICD therapy (single-chamber, shock-
only ICDs implanted in an outpatient setting), amiodarone anti-arrhythmic
drug treatment, or placebo. Over a 5-year follow-up, the study demonstrated a
significant, 7% absolute reduction in all-cause mortality and a 23% decline in
relative risk in the ICD arm vs the placebo arm, whereas those who received
amiodarone showed no mortality benefit over placebo. Analyses of the sub-
groups showed that the majority of the ICD mortality benefit was obtained by
patients with less severe, NYHA class II disease; these patients showed a 46%
reduction in relative risk. NYHA class III patients demonstrated no signifi-
cant mortality benefit from ICD therapy [8]. An economic analysis was
designed and conducted to determine the long-term cost-effectiveness of ICD
for prevention of SCD in patients with heart failure who were enrolled in the
study [35]. Cost-effectiveness was calculated from cost and survival data
gathered in the trial. Lifetime cost-effectiveness was estimated using projec-
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tions of cost and life-expectancy beyond the mean study follow-up of 46
months. The results indicated that: (a) the projected life expectancy from
time of randomization was 10.9 years in the ICD arm and 8.4 years in the
placebo arm; (b) amiodarone did not prolong survival compared to placebo;
(c) there was no evidence that ICD patients had significantly more hospital-
izations, major cardiac procedures, or outpatients visits over the first 5 years
of follow-up than patients in the placebo arm; (d) ICD cost-effectiveness,
expressed as the incremental lifetime cost to save a life-year relative to place-
bo, was US$ 38,389/LYS. This cost varied depending on survival time: US$
127,503/LYS at 5 years, US$ 88,657/LYS at 8 years, and US$ 58,510/LYS at 12
years. When NYHA class II patients were analyzed separately, the analysis
yielded an even better discounted ICD ICER of US$ 29,872/LYS, due to the
greater survival benefit in this group. The cost-analysis concluded that pro-
phylactic use of conservatively programmed, single-lead ICDSs for primary
prevention of SCD in HF patients with an ejection fraction ≤ 35% is an “eco-
nomically efficient” way to improve patient outcomes based on the currently
established benchmarks, provided that the devices are implanted in stable,
moderately symptomatic patients (particularly NYHA class II) and that
patients survive at least 8 years following implantation [35].

The cost-effectiveness of the ICD in the population of patients represent-
ed in eight primary-prevention ICD trials was assessed by Sanders et al. [36].
Based on a Markov model, the cost, quality of life, survival, and ICER of the
ICD for primary prevention of sudden death were compared with medical
therapy among patients with survival and mortality rates similar to those in
each of the clinical trials. The efficacy of the ICD was modeled as a reduction
in the relative risk of death on the basis of the hazard ratios reported in the
individual clinical trials. The results showed that use of the ICD increased
lifetime costs in every trial. In two trials in which no survival benefit was
associated with ICD therapy, DINAMIT [37] and the CABG Patch trial [38],
the authors concluded that the prophylactic implantation of an ICD did not
reduce the risk of death and thus was both more expensive and less effective
than control therapy. For the other six trials showing clinical benefit
(MADIT I, MADIT II, MUSTT, DEFINITE, COMPANION, and SCD-HeFT),
use of an ICD was projected to add between 1.01 and 2.99 QALY and between
US$ 68,300 and US$ 101,500 in cost. With these base-case assumptions, the
authors found that the ICER of the ICD as compared with control therapy in
these six populations ranged from US$ 34,000 to US$ 70,200 per QALY
gained [36]. Further sensitivity analyses showed that this ICER would
remain below US$ 100,000 per QALY as long as the ICD reduced mortality
rates for 7 or more years. On the basis of their analysis, it was concluded that
prophylactic implantation of an ICD has an ICER below US$ 100,000 per
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QALY gained in populations in which a significant device-related reduction
in mortality is demonstrated [36].

ICDs and the Real World: the SEARCH-MI Registry

The generalizability of randomized clinical trials, that is, whether the results
of the economic analyses from landmark trials such as MADIT II and SCD-
HeFT apply to the real-world population of patients, has been raised as a
concern [39]. The objections are based on the fact that selection bias is very
difficult to eliminate from any clinical trial, and real-world patients are older
and generally sicker than patients included in trials [40]. Generalizability is
best assessed through the evaluation of outcomes in clinical practice.

A comparison of the data from 556 patients enrolled from July 2002 to
April 2005 in the Italian sub-study of the prospective Multicenter Survey to
Evaluate Arrhythmia Rate in so-Called High-risk Myocardial Infarction
Patients (Search-MI) Registry with data from the ICD arm of MADIT II
showed comparable results, both in terms of appropriate shocks and overall
mortality, thus confirming in real-world practice the benefits of primary
prevention in “MADIT II-like” patients [41]. Describing an economic analy-
sis based on real expenditure data from 2002 to 2005, as recorded in the
Search-MI Registry, Boriani et al. [42] estimated the daily costs associated
with the device and leads. Over a 5–7 year time horizon, the average daily
cost was estimated to be € 4.60–€ 6.70. Translation of these figures into US
market conditions results in a daily cost of around US$ 7.90–11.40. It is
important to bear in mind that these estimates only refer to hardware costs
and do not take into account hospitalization and physicians’ fees at the time
of implant, nor were costs secondary to complications and device replace-
ment included in the calculations; therefore, the cited values somewhat
underestimate the entire cost of treatment [42]. Nevertheless, the dilution in
terms of daily costs over a predefined time horizon of the high initial expen-
diture of ICD purchase and implant makes it somewhat easier to compare
such costs with those generated by the continuous use of chronic pharmaco-
logical treatment, and thereby to evaluate the affordability of ICD.

The Influence of Risk Stratification among Patients on the 
Cost-Effectiveness of ICDs

Although expensive, in appropriate patients ICDs provide value. Ideally, ICDs
would be placed only in patients who are likely to develop life-threatening
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ventricular arrhythmias and would not be placed in those who are not des-
tined to have such arrhythmias. However, given the number of patients now
eligible for ICD implantation, based on the EF alone, there is a need to iden-
tify the clinical characteristics or diagnostic tests that will enable clinicians
to select patients who are at increased risk for sudden death but whose low
competing risks of death would allow them to benefit the most from receipt
of an ICD.

Conversely, from a societal perspective, identification of the MADIT II-
like patients least likely to benefit from ICD implantation might allow for
substantial cost savings with a small or even negligible sacrifice in popula-
tion life expectancy [43]. Furthermore, as cost-effectiveness needs to be
adjusted for the tolerability of the therapy by the patients, i.e., quality-
adjusted, better selection might decrease the percentage of patients in whom
an ICD will only lower quality-of-life, producing inappropriate discharges
and other undesirable effects, thus affecting cost-utility analyses [44].
Although multiple clinical, electrocardiographic, and electrophysiologic
parameters have been assessed as potential markers to stratify risk for
VT/VF and SCD, scarce progress has been made over the last years in this
field by researchers.

Promising results have been recently obtained with microvolt T wave
alternans (MTWA) testing, which potentially could be employed to improve
cost-effectiveness [45]. The MTWA test noninvasively measures beat-to-beat
microvolt variations in the shape, amplitude, or timing of the ECG T wave
that are linked with the development of clinical ventricular arrhythmias. The
test has a high negative predictive value, that is, a negative test result identi-
fies a patient at very low risk of fatal SCD.

In the absence of direct studies examining whether there is any benefit to
be derived from implanting ICDs among the patients testing negative for
microvolt T wave alternans, Chan et al. [45] used a mathematical model based
on recent studies to compare the lifetime costs and benefits of a medical ther-
apy strategy to prevent death by implanting ICDs in all currently eligible
MADIT II-like patients, or implanting defibrillators in only those patients
considered to be at higher risk according to the MTWA test and using drugs
to treat the rest. Overall, they calculated that, on average, patients who
received an ICD would live almost one-and-a-half “quality-adjusted” years
longer than patients on drug therapy (7.3 vs 5.9 years) and the additional cost
per QALY would be about US$ 56,000. However, when the screening test was
factored, the authors found that almost all the benefits went to high-risk
patients, and that the patients testing negative and who received defibrillators
would live only slightly longer than if they were treated with medical therapy.
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The ICER for implanting an ICD in the lower risk group testing negative for
microvolt T wave alternans was closer to US$ 90,000/QALY, which would not
be considered cost-effective by commonly accepted thresholds. In contrast,
implanting an ICD in an eligible MADIT II-like population that tests non-
negative would be less than US$ 50,000/QALY. Thus, a strategy of making
ICDs available to all eligible patients according to MADIT II criteria would be
less cost-effective than a more discriminating strategy of implanting ICDs
only among those testing MTWA non-negative [45].

Conclusions

Although there is consistency among the majority of primary- and sec-
ondary-prevention ICD studies regarding the effectiveness of the device, cal-
culated figures on cost-effectiveness in different trials vary significantly [31,
35, 36], as cost-effectiveness depends on the population being studied. As we
have already stressed, comparing the results from cost-effectiveness analyses
of trials enrolling appreciably different patients requires caution and careful
consideration of design features [20, 21]. Furthermore, most ICD clinical tri-
als underestimate the cost-effectiveness of ICD therapy because the follow-
up periods are short. In fact, failure to consider therapy duration can incor-
rectly alter cost-effectiveness findings. Compared with medical treatment,
ICD therapy has a high up-front cost but very few costs thereafter. Many tri-
als, such as MADIT II, have follow-up periods of only 18 months. Given a
current battery life of 7 years, only 20% of the life of the device will be used
by the end of a typical follow-up period, yet the full cost of the device is used
in cost-effectiveness calculations.

In the end, in the range of survival benefit observed in randomized clini-
cal studies, ICD therapy appears to be acceptably cost-effective and economi-
cally attractive by conventional standards in the patients indicated by cur-
rent clinical guidelines. Although the ICD is expensive, it can be justified
when considered in the context of other accepted therapies (revasculariza-
tion procedures, antihypertensive treatment) [46], and, at least in certain
subsets of patients, ICD therapy falls under US$ 50,000/LYS, which is the
commonly accepted benchmark to identify therapies that provide good value
[31, 35]. Conversely, one must also consider that cost-effective does not mean
inexpensive. There is diffuse concern among policymakers that the large
number of patients eligible for ICDs under currently accepted criteria may
strain societal ability to perform and pay for these procedures.

Undoubtedly, ICD therapy would be more attractive if certain modifica-
tions in the factors affecting ICD cost-effectiveness occurred, i.e., reduced
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cost, extended longevity and improved reliability of the hardware, reduced
length of hospitalization, and better risk-stratification. The latter issue is of
paramount importance, as the use of more selective, more efficient risk-
stratifiers would lead to lower NNT to prevent one premature death, and
would result in fewer cases in which patients receive ICDs although they do
not stand to benefit from them as well as fewer patients exposed to unneces-
sary risks. Furthermore, the use of biventricular ICDs for cardiac resynchro-
nization therapy (CRT-D) in selected patients with severe heart failure and
ventricular electromechanical dyssynchrony substantially improves quality-
of-life, modifies disease progression, and favorably influences both hospital-
ization for heart failure and mortality [7]. This, in turn, would make the
ICER of ICDs used for cardiac resynchronization therapy more attractive
than that for ICDs implanted only to prevent SCD [32, 47].

As for the general problem of how the results of clinical trials can be
transposed in the real world, data from the prospective multicenter registries
in the USA on ICD use in primary prevention [48] and the already available
data from the multicenter European SEARCH-MI Registry [42] will allow
better clinical as well as economical evaluation of ICD use in the coming
years.

References

1. Zheng ZJ, Croft JB, Giles WH et al (2001) Sudden cardiac death in the United States,
1989 to 1998. Circulation 104:2158–2163

2. Josephson M, Wellens HJ (2004) Implantable defibrillators and sudden cardiac
death. Circulation 109:2685–2691

3. Nanthakumar K, Epstein A, Kay GN et al (2004) Prophylactic implantable cardio-
verter-defibrillator therapy in patients with left ventricular systolic dysfunction: a
pooled analysis of 10 primary prevention trials. J Am Coll Cardiol 44:2166–2172

4. Desai A, Fang J, Maisel W et al (2004) Implantable defibrillators for the prevention
of mortality in patients with nonischemic cardiomyopathy: a meta-analysis of ran-
domized controlled trials. JAMA 292:2874–2879

5. Moss AJ, Zareba W, Hall WJ (2002) Prophylactic implantation of a defibrillator in
patients with myocardial infarction and reduced ejection fraction. N Engl J Med
346:877–883

6. The Antiarrhythmic Versus Implantable Defibrillator (AVID) Investigators (1997)
A comparison of antiarrhythmic drug therapy with implantable defibrillators in
patients resuscitated from near-fatal ventricular arrhythmias. N Engl J Med
337:1576–1583

7. Bristow M, Saxon L, Boehmer J et al (2004) Cardiac-resynchronization therapy
with or without an implantable defibrillator in advanced chronic heart failure. N
Engl J Med 350:2140–2150

8. Bardy GH, Lee KL, Mark DB et al (2005) Amiodarone or an implantable cardiover-
ter-defibrillator for congestive heart failure. N Engl J Med 352:225–237

272 Andrea Pozzolini



9. Hunt SA, Abraham WT, Chin MH et al (2005) ACC/AHA 2005 Guideline update for
the diagnosis and management of chronic heart failure in the adult : a report of the
American College of Cardiology/American Heart Association Task Force on practi-
ce guidelines. J Am Coll Cardiol 46:e1-e82

10. Zipes DP, Camm AJ, Borggrefe M et al (2006) ACC/AHA/ESC 2006 Guidelines for
management of patients with ventricular arrhythmias and the prevention of sud-
den cardiac death – executive summary. J Am Coll Cardiol 48:1064–1108

11. Lunati M et al (2005) Linee guida AIAC all’impianto di pacemaker, dispositivi per
la resincronizzazione cardiaca (CRT) e defibrillatori automatici impiantabili (ICD).
Giornale italiano di Aritmologia e Cardiostimolazione 8:1–58

12. Brown GC, Brown MM, Sharma S (2003) Value-based medicine: evidence-based
medicine and beyond. Ocul Immunol Inflamm 11:157–170 

13. Boriani G, Biffi M, Martignani C et al (2003) Cardioverter-defibrillators after
MADIT II: the balance between weight of evidence and treatment costs. Eur J
Heart Failure 5:419–425

14. Meltzer MI (2001) Introduction to health economics for physicians. Lancet
358:993–998

15. Mark DB, Hlatky MA (2002) Medical economics and the assessment of value in
cardiovascular medicine. Part I. Circulation 106:516–520

16. Mark DB, Hlatky MA (2002) Medical economics and the assessment of value in
cardiovascular medicine. Part II. Circulation 106:626–630

17. Boriani G, Biffi M, Martignani C et al (2001) Cost-effectiveness of implantable car-
dioverter-defibrillators. Eur Heart J 22:990–996

18. Boriani G, Larsen G (2006) Cost-effectiveness of implantable cardioverter-defibril-
lators. In: Priori S, Zipes DP (eds) Sudden cardiac death. Blackwell Publishing,
Malden, pp 263–279

19. Stange PV, Sumner AT (1978) Predicting treatment costs and life expectancy for
end-stage renal disease. N Engl J Med 298:372–378

20. Spath MA, O’Brien BJ (2002) Cost-effectiveness of the implantable cardioverter
defibrillator therapy versus drug therapy for patients at high risk of sudden car-
diac death. Pharmacoeconomics 20:727–738

21. Weinstein MC, Siegel JE, Gold MR et al (1996) Recommendations of the Panel on
cost-effectiveness in health and medicine. JAMA 276:1253–1258

22. Ezekowitz JA, Armstrong PW, McAlister FA (2003) Implantable cardioverter defi-
brillators in primary and secondary prevention: a systematic review of randomi-
zed, controlled trials. Ann Intern Med 138:445–452

23. Larsen G, Hallstrom A, McAnulty J et al (2002) Cost-effectiveness of the implanta-
ble cardioverter-defibrillator versus antiarrhythmic drugs in survivors of serious
ventricular tachyarrhythmias: results of the Antiarrhythmic Versus Implantable
Defibrillators (AVID) economic analysis substudy. Circulation 105:2049–2057

24. Connolly SJ, Gent M, Roberts RS et al (2000) Canadian Implantable Defibrillator
Study (CIDS): a randomized trial of the implantable cardioverter defibrillator
against amiodarone. Circulation 101:1297–1302

25. O’Brien BJ, Connolly SJ, Goeree R et al (2001) Cost-effectiveness of the implantable
cardioverter-defibrillator: results from the Canadian Implantable Defibrillator
Study (CIDS). Circulation 103:1416–1421

26. Bokhari F, Newman D, Greene M et al (2004) Long term comparison of the implan-
table cardioverter defibrillator versus amiodarone: eleven-year follow-up of a sub-
set of patients in the Canadian Implantable Defibrillator Study (CIDS). Circulation
110:112–116

273Cost-Effectiveness of ICD Therapy in the Prevention of Sudden Death in CAD and/or HF Patients



27. Boriani G, Biffi M, Martignani C (2005) Letter regarding article by Bokhari et al
“Long-term comparison of the implantable cardioverter defibrillator versus amio-
darone: eleven-year follow-up of a subset of patients in the Canadian Implantable
Defibrillator Study (CIDS)”. Circulation 111:e26

28. Mushlin AI, Hall WJ, Zwanziger J et al (1998) The cost-effectiveness of automatic
implantable cardiac defibrillators: results from MADIT. Multicenter Automatic
Defibrillator Implantation Trial. Circulation 97:2129–2135

29. Centers for Medicare and Medicaid Services (2003) Decision memorandum: natio-
nal coverage determination (NCD) on implantable defibrillators, pp 1–37

30. Al-Khatib SM, Anstrom KJ, Eisenstein EL et al (2005) Clinical and economic impli-
cations of the Multicenter Automatic Defibrillator Implantation Trial-II. Ann
Intern Med 142:593–600

31. Zwanziger J, Hall WJ, Dick AW et al (2006) The cost-effectiveness of implantable
cardioverter-defibrillators: results from the Multicenter Automatic Defibrillator
Implantation Trial (MADIT) II. J Am Coll Cardiol 47:2310–2318

32. Feldman AM, de Lissovoy G, Bristow MR et al (2005) Cost effectiveness of cardiac
resynchronization therapy in the Comparison of Medical Therapy, Pacing, and
Defibrillation in Heart Failure (COMPANION) trial. J Am Coll Cardiol
46:2311–2321

33. Yao G, Freemantle N, Calvert MJ et al (2007) The long-term cost-effectiveness of
cardiac resynchronization therapy with or without an implantable cardioverter-
defibrillator. Eur Heart J 28:42–51

34. Cleland JG, Daubert JC, Erdmann E et al (2005) The effect of cardiac resynchroni-
zation on morbidity and mortality in heart failure. N Engl J Med 352:1539–1549

35. Mark DB, Nelson CL, Anstrom KJ et al (2006) Cost-effectiveness of defibrillator
therapy or amiodarone in chronic stable heart failure: results from the Sudden
Cardiac Death in Heart Failure Trial (SCD-HeFT). Circulation 114:135–142

36. Sanders GD, Hlatky MA, Owens DK (2005) Cost-effectiveness of implantable car-
dioverter-defibrillators. N Engl J Med 353:1471–1480

37. Hohnloser SH, Kuck KH, Dorian P et al (2004) Prophylactic use of an implantable
cardioverter-defibrillator after acute myocardial infarction. N Engl J Med
351:2481–2488

38. Bigger JT Jr (1997) Prophylactic use of implanted cardiac defibrillators in patients
at high risk for ventricular arrhythmias after coronary-artery bypass graft surgery.
N Engl J Med 337:1569–1575

39. Buxton AE (2003) The clinical use of implantable cardioverter defibrillators: where
are we now? Where should we go? Ann Int Med 138:512–514

40. Tavazzi L (2000) Ventricular pacing: a promising new therapeutic strategy in heart
failure. For whom? Eur Heart J 21:1211–1214

41. Boriani G (2006) From MADIT II to Search-MI Registry for primary prevention of
sudden death in ischemic patients. Presented at the XII International Symposium
on progress in clinical pacing, Rome

42. Boriani G, Biffi M, Russo M et al (2006) Primary prevention of sudden cardiac
death: can we afford the cost of cardioverter-defibrillators? Data from the Search-
MI Registry-Italian Sub-study. Pacing Clin Electrophysiol 29:S29-S34

43. Owens DK, Sanders GD, Heidenreich PA et al (2002) Effect of risk stratification on
cost-effectiveness of the implantable cardioverter-defibrillator. Am Heart J
144:440–448

274 Andrea Pozzolini



44. Gould PA, Krahn AD (2006) Complications associated with implantable cardiover-
ter-defibrillator replacement in response to device advisories. JAMA 295:1907–1911

45. Chan PS, Stein K, Chow T et al (2006) Cost-effectiveness of a microvolt T wave
alternans screening strategy for implantable cardioverter-defibrillator placement
in the MADIT II-eligible population. J Am Coll Cardiol 48:112–121

46. Hlatky MA (2004) Evidence based use of cardiac procedures and devices. N Engl J
Med 350:2126–2128

47. Stevenson LW (2006) Implantable cardioverter-defibrillators for primary preven-
tion of sudden death in heart failure. Are there enough bangs for the bucks?
Circulation 114:101–103

48. Sweeney MO, Schoenfeld MH, Cannom DS (2005) Rules of evidence: CMS and pri-
mary prevention of sudden cardiac death in systolic heart failure. Pacing Clin
Electrophysiol 28:81–88

275Cost-Effectiveness of ICD Therapy in the Prevention of Sudden Death in CAD and/or HF Patients



Hemodynamic Impact of Right Ventricular Pacing

RAÚL CHIRIFE, G. AURORA RUIZ, M. CRISTINA TENTORI

Introduction

Right ventricular apical pacing has been the standard for cardiac pacing in
view of lead mechanical stability and low pacing thresholds. Patients receiv-
ing rate-adaptive dual chamber pacemakers because of high-degree atri-
oventricular (AV) block and/or severe chronotropic incompetence have thus
obtained the benefits of rate control for many decades, without any appre-
ciable hemodynamic adverse effects, for as long as the device was appropri-
ately programmed. Dual-chamber pacing provides the AV-block patient
with normal sinus function the benefit of physiological rate response and
restoration of AV sequence. Thus, the improvement of quality-of-life of
DDDR in patients with clear pacing indications is beyond question.
Nonetheless, in recent years there have been numerous studies showing the
deleterious effects of right ventricular apical pacing [1–5]. Some of these
studies, however, are not in agreement with clinical observations, mostly
because experience shows that, in prolonged follow-up, patients with DDD
devices and permanent right ventricular apical pacing do not necessarily
end up with cardiac dilatation and heart failure, even after decades of pac-
ing. If the patients do not have a clear indication for pacing and left ventric-
ular (LV) function is already impaired, such as was the case in the David
study [6], it is likely that artificial pacing will cause only side effects and
offer no clinical benefit. Therefore, it is apparent to us that many questions
remain to be answered.
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What Do We Expect from DDDR Pacing?

DDDR pacemakers are primarily designed to offer the patient physiological
rate adaptation and conservation of AV sequence. The former is accom-
plished by tracking sinus rate in patients with normal sinus function or by
the use of a rate-adaptive sensor for patients with chronotropic incompe-
tence. Regarding the latter, DDD pacemakers have nominal AV parameters
similar to physiological PR intervals, resulting in a surface ECG with a “nor-
mal” P/QRS sequence.

What Do We Really Get from DDDR Pacemakers?

Rate adaptation is physiological only for patients with preserved sinus func-
tion and various degrees of AV block. All modern pacemakers can track
sinus function either with a single VDD lead or with a two-lead system.
However, if the patient has chronotropic incompetence, a rate-adaptive sen-
sor is required. In practice, most of these sensors are not sufficiently sensi-
tive or specific, or they have a slow response, since they use extra-cardiac
markers of metabolic demand (body motion, respiration). False-positive
responses are common in accelerometer-based sensors, since the pacing rate
frequently increases unnecessarily with passive body motion (i.e., traveling
by car). False-negative responses occur in cases of isometric effort, which
increases metabolic demands in the absence of important body motion.
Finally, delayed responses are observed with minute ventilation and QT sen-
sors.

Conservation of AV sequence is also not achieved entirely. Although the
nominal value of programmed AV is similar to normal PR, a “normal” AV
sequence is accomplished only for the right heart, where pacing leads are
placed. The left-heart AV interval, or better the mechanical left AV (the
sequence between left atrial and LV contraction), may not necessarily be
physiological with a “normal” right heart AV interval. This is because of the
known sensing and pacing-induced delays [7–10]. These delays are:
1. P-sense offset (PSO), which is the time from the true onset of the right

atrial P wave to the detection point by the atrial sensing amplifier of the
pacemaker. Most pacemakers use a default PSO of around 30 ms, which
on average is the time required by the pacemaker to detect the presence
of a P wave. By virtue of this delay, the true AV interval is longer than the
programmed one.

2. Right atrial pacing is known to lengthen the interatrial delay (IAD). This
is because the right atrial lead is placed in the right atrial appendage
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(longer delay), lateral wall, or interatrial septum (shorter delay). For prac-
tical reasons, this delay is measured from the onset of right atrial P to the
onset or end of atrial transport (best detected by transmitral Doppler
flow). This delay causes a shorter left-heart AV interval than pro-
grammed.

3. An interventricular delay (IVD) arises from the fact that right ventricular
pacing, especially if done from the apex, causes a delay in LV depolariza-
tion. Because of this delay, the resulting left heart AV interval is longer
than programmed.
From the above, it is clear that in most instances we do not get what we

expect from DDDR pacing, unless it is meticulously programmed and a
physiological rate-adaptive sensor is used. Nevertheless, even in those cases
in which rate response is physiological and AV interval has been optimized,
are there side effects of cardiac pacing?

What Is the Hemodynamic Impact of Acute Right Ventricular Apical
Pacing?

Publications describing the effects of right ventricular pacing on LV function
are not only abundant but controversial as well. Although it is well-known
that the contraction wavefront of the left ventricle is affected whenever the
depolarization wavefront is, many patients with DDDR pacemakers fol-
lowed-up for decades show no demonstrable deleterious hemodynamic or
clinical impact of right ventricular (RV) pacing on cardiac function. In fact,
patients with long periods of bradycardia preceding pacemaker implantation
may show reverse remodeling of the left ventricle after DDDR implant. It is
our intention to clarify several concepts related to pacing and cardiac func-
tion by offering specific examples of typical acute and chronic effects of RV
pacing on LV function.

Effect of Pacing Rate

Since currently used rate-adaptive sensors are “non-physiological”, it may be
expected that the pacing rate governed by the sensor may not always be
appropriate. If the pacing rate is too slow, metabolic demands may not be
met, and if it is too fast, such as in a false-positive sensor response, symp-
toms may arise and blood pressures and cardiac output may drop. In the
example of Fig. 1, a DDDR pacemaker implanted for complete AV block was
programmed to optimize the AV interval. The DDD pacing rate was
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increased from 50 to 100 bpm, while blood pressure was recorded with a
noninvasive blood-pressure monitor that allows beat-by-beat measurements
(channel 2). Channel 1 is a photoplethysmographic recording of the right
supraorbital artery, channel 3 is a marker of prevailing heart rate, and chan-
nel 4 is the surface ECG lead II. It can be seen that, as the rate is increased,
systolic blood pressure drops and diastolic blood pressure rises slightly. The
peak-to-peak changes in the photodensitogram are directionally similar to
blood-pressure changes and suggest a drop in stroke volume during higher
pacing rates. Figure 2 is a plot of the changes in the same patient. Systolic
pressure area, a surrogate of stroke volume [11], and its product with heart
rate (surrogate of cardiac output) drop during incremental pacing. From
these experiments it is inferred that faster pacing rates do not necessarily
increase cardiac output, at least in patients who do not have heart failure.
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Fig. 1. Effect of rate of cardiac hemodynamics. Patient with a DDD pacemaker. Rate was
increased from 50 to 100 bpm, while blood pressure was recorded with a noninvasive
blood-pressure monitor allowin beat-by-beat measurements (channel 2). Channel 1 is a
photoplethysmographic recording of the right supraorbital artery, channel 3 is a marker
of prevailing heart rate, and channel 4 is the surface ECG lead II. As rate is increased, it
can be seen that systolic blood pressure drops and diastolic blood pressure rises sligh-
tly. The peak-to-peak changes in the photodensitogram are directionally similar to
blood pressure changes and suggest a drop in stroke volume during higher pacing rates



The effect of incremental pacing on arterial blood pressure is, however, dif-
ferent in the experimental animal (Fig. 3). For example, in a dog instrument-
ed for another study, the animal had high-fidelity pressure catheters inserted
in the aorta and right ventricle, and fluid-filled catheter in the right atrium.
An electromagnetic probe was inserted in the pulmonary artery for continu-
ous monitoring of pulmonary flow. A bipolar screw-in pacemaker lead was
inserted in the right atrial appendage and another in the RV apex.
Intracardiac impedance was used to assess instantaneous RV volume
changes [12] (transvalvular impedance, measured from the right atrial ring
to the RV ring electrodes). The tracings reveal that incremental pacing
increases blood pressure in the dog (probably due to the Bowditch effect),
but stroke volume is reduced due to the Starling effect (shorter filling time),
as indicated by the reduced flow amplitude in the pulmonary artery.
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Fig. 2. Effect of rate of cardiac hemodynamics. Plot of hemodynamic changes in the
same patient as Fig. 1. Systolic pressure area, a surrogate of stroke volume, and its pro-
duct with heart rate (surrogate of cardiac output) drop during unnecessary incremental
pacing at rest



Direct Effect of RV Pacing on LV Function

Figure 4 shows an example in a patient with sick sinus syndrome and normal
QRS morphology. After a 5-min stabilization period with atrial pacing at 70
bpm and normal AV conduction, RV pacing was started by shortening the AV
interval, while insuring that the left-heart AV interval remained unchanged
(see “How Should the Heart Be Paced?”). RV pacing was switched on and off
at the arrows by shortening or lengthening the AV interval. Although no
gross change in systolic (channel 1) or diastolic (channel 3) blood pressure is
noted outside of the natural fluctuations, closer observation of the beat-to-
beat blood pressure changes following the switch to RV pacing (Fig. 5)
reveals significant morphological changes in the arterial pulse: Peak systolic
pressure drops and the pulse becomes narrower (shorter ejection time) for
the first few beats. After the fourth beat, systolic and diastolic blood pres-
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Fig. 3. Effect of rate of cardiac hemodynamics. Dog instrumented for another study, with
high-fidelity pressure catheters in the aorta and right ventricle, and fluid-filled catheter
in the right atrium. A flow probe was placed in the pulmonary artery. A bipolar screw-in
pacemaker lead was inserted in the right atrial appendage and another in the RV apex.
Intracardiac impedance was used to assess instantaneous RV volume changes [12];
transvalvular impedance (TVI), measured from the right atrial ring to the RV ring elec-
trodes. It can be seen that incremental pacing at rest increases blood pressure (probably
due to the Bowditch effect), but stroke volume and ejection fraction (EF) measured
from TVI are reduced as well
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Fig. 4. Effect of RV pacing on cardiac hemodynamics. Patient with sick sinus syndrome
and normal QRS morphology, after a 5-min stabilization period with atrial pacing at 70
bpm and normal AV conduction. RV pacing was switched on and off at the arrows by
shortening or lengthening the AV interval. Although no gross change in systolic (chan-
nel 1) or diastolic (channel 3) blood pressure is noted outside, the area under pressure
pulse (channel 2) is decreased, indicating a reduction in SV

Fig. 5. Effect of RV pacing on cardiac hemodynamics. Same patient as in Fig. 4. Closer
observation of the beat-to-beat blood pressure changes with RV pacing reveals signifi-
cant morphological changes in the arterial pulse: peak systolic pressure drops and the
pulse becomes narrower (shorter ejection time) for the first few beats. After the fourth
beat, systolic and diastolic blood pressures return towards normal, probably as a conse-
quence of the baroreflex



sures return towards normal, probably as a consequence of the homeostatic
mechanisms, but the beat-by-beat area under blood pressure curve (a surro-
gate of stroke volume), drops and remains low. Although systolic pressure
returns to normal, the area under the pulse remains low for at least 8 min of
RV pacing. In addition to blood-pressure changes, RV pacing causes a signif-
icant lengthening of the left pre-ejection interval, a marker of interventricu-
lar dyssynchrony, as seen in the example of Fig. 6. In this case, the LV pre-
ejection interval lengthened by 70 ms during RV stimulation.

To study the net effect of RV pacing on RV and LV function in the dog
experiment described above, the animal was subjected to alternate (beat by
beat) intrinsic and RV pacing in order to prevent baroreflex compensatory
mechanisms. The animal was atrial paced at 10 beats above intrinsic
throughout the experiment to maintain a constant heart rate, and the AV
interval was lengthened and shortened in alternate beats. During RV pacing,
the left heart AV interval remained unchanged compared to the atrial-paced
rhythm. The following observations can be made regarding the hemodynam-
ic effects of RV pacing, as seen in Fig. 7: (1) there is a drop in systolic arterial
pressure; (2) RV stroke volume, as measured by intracardiac transvalvular
impedance, is reduced; (3) pulmonary-artery flow is reduced; (4) there is a
reduction in the area under pulse pressure (a surrogate of stroke volume);
(5) the LV pre-ejection interval is prolonged; (6) RV pressure is reduced; and
(7) the RV pre-ejection interval is prolonged.

In summary, from this experiment it can be concluded that RV pacing
indeed causes deterioration of both RV [13] and LV performance [1–6].

Effect of AV Interval on LV Function

If the left-heart mechanical AV interval is either too short or too long it may
be associated with deleterious hemodynamic effects. A normal left-heart AV
interval can be defined as that causing left atrial transport to be completed
just before LV contraction. If the AV interval is too short, atrial contraction
may overlap with LV isometric contraction; if it is too long, atrial contrac-
tion may overlap with isometric relaxation of the preceding cardiac cycle.
These two conditions impair cardiac performance by two different mecha-
nisms. The first is related to the Starling principle; it is more evident when
the AV interval is too long and atrial contraction takes place too early in
diastole, causing inadequate LV filling (ineffective atrial kick). The other
results from overlap of left atrial and LV pressures; in this case, atrial con-
traction takes place while the LV pressure is too high to be overcome, such as
during isometric relaxation and contraction. When this happens, atrial
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Fig. 7. Effect of RV pacing on cardiac hemodynamics, dog experiment. The following
changes are seen during RV apical pacing: (1) drop in systolic arterial pressure; (2) drop
in RV stroke volume (as measured by TVI) is reduced; (3) reduction of pulmonary-
artery flow (4) there is a reduction in the area under pulse pressure (a surrogate of
stroke volume); (5) the LV pre-ejection interval is prolonged; (6) RV pressure is redu-
ced; and (7) the RV pre-ejection interval is prolonged. In summary, this experiment
reveals that RV pacing causes deterioration of both RV [13] and LV performance [1–6]

Fig. 6. Effect of RV pacing on cardiac hemodynamics. In addition to blood-pressure
changes, RV pacing causes a significant lengthening of the left pre-ejection interval
(PEI), a marker of interventricular dyssynchrony. In this case, PEI lengthened by 70 ms
during RV stimulation



transport is severely limited or absent (thus affecting LV filling by the
Starling mechanism). Also, all of the left-atrial contraction pressure backs up
into the pulmonary circulation, causing an increase in pulmonary wedge
pressure. This phenomenon may explain symptoms in patients with first-
degree AV block during exercise, when P waves overlap T waves, the so-
called pacemaker syndrome without a pacemaker [14].

What Is the Hemodynamic Impact of Chronic RV Apical Pacing?

From a database of 869 patients with chronically implanted pacemakers, 272
patients with measurements of LV diastolic dimension (LVDD) and left atrial
dimension (LAD) in two ECGs obtained at least 6 months apart after pace-
maker implant were included in the study [15]. Changes in LV and left atrial
diameters were evaluated after long follow-up periods in two groups: (1) RV-
paced group (RVP), comprising patients with > 60% RV pacing on Holter
function of the pacemaker and (2) RV sensing group (RVS), comprising
patients with < 60% RV pacing. The two groups were similar in age, clinical
diagnosis, and pacing mode (all p values were non-significant). Follow-up
time was 55 ± 37 months in the RVP group and 48±32 months in the RVS
group (p = non-significant). Since in the RVP group 51% of the subjects were
males vs. 28% in the RVS group (p = 0.0051), patients were separated by gen-
der for analysis. At the end of follow-up it was found that male patients
receiving RVP had more left atrial and LV dilatation than those with RV
sensing. However, in the RVP group, 40% of patients had either no change
(11%) or a reduction of LV size (29%) (Fig. 8).

How Should the Heart Be Paced?

If the patient needs a DDDR device, and atrial and ventricular leads are in
the right atrial appendage and RV apex, respectively, several actions can be
taken to minimize the side effects of DDDR pacing:

Rate Response

For patients with chronotropic incompetence, the use of a physiological sen-
sor that parallels neurohormonal changes associated with increased meta-
bolic demands is ideal. One such sensor is under evaluation in Europe
(Sophòs 151, Medico SpA, Padova, Italy). It is based on transvalvular imped-
ance, which calculates ejection fraction (contractility marker) from relative
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ventricular volume changes. The mode of operation is relatively simple: the
device measures end-diastolic time velocity integration (TVI) (a surrogate of
end-diastolic volume) and end-systolic TVI (a surrogate of end-systolic vol-
ume). Based on these measurements, changes in the relative ejection fraction
are calculated [12]. This sensor is expected to minimize false positive and
false negative responses leading to patient’s symptoms. Other contractility
markers may be valuable as well.

AV Interval Optimization

This procedure is critical to avoid pacemaker syndrome. One simple way
would be to offset the delays caused by atrial and ventricular sensing and
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Fig. 8. Effect of chronic RV pacing on LV dimension. Long-term RV apical pacing produ-
ces mixed results regarding LV chamber size: After a mean follow-up time 55 ± 37
months, 60% of patients had LV dilatation, while 29% of patients had reduction and
11% no change in chamber size. This indicates that there is an interaction between the
benefits of pacing and the adverse effects of ventricular pacing. RR, Reverse remode-
ling; R, remodeling; NC, no change



pacing (see above). A previously published equation [8, 16] could be used to
evaluate patients with complete AV block: Right AV = IATD – PSO – IVD. In
this equation, IATD is the interatrial transport delay, the time from the onset
of right-atrial P (or pacing pulse) to the end of left-atrial transport (approxi-
mately the peak of mitral Doppler A wave); PSO is the P-sense offset, the
time needed by the pacemaker to detect the onset of the P wave; and IVD is
the interventricular delay, measured as the extension of left pre-ejection
interval caused by RV apical pacing. With this calculation, the shortest possi-
ble AV interval is used that allows atrial transport to end just before the
onset of LV contraction. Since IATD is longer with right atrial pacing (about
50 ms) than with intrinsic P waves, the resulting right-heart AV interval dur-
ing atrial pacing will necessarily be longer. By restoring the left-heart AV
interval to a normal value, some of the hemodynamic consequences of RV
pacing can be diminished.

Minimizing RV Pacing

Important side effects of RV apical pacing are the inter- and intraventricular
mechanical dyssynchronizations caused by the ectopic origin of the depolar-
ization wavefront. This causes unequivocal hemodynamic changes, as
described above. Some of these may be compensated by the baroreflex, but in
patients with already deteriorated LV function these minor changes may be
of importance. From a hemodynamic standpoint, it seems preferable to have
a long PR with intrinsic AV conduction and narrow QRS rather than pacing
the RV with an optimal AV interval. However, how long an AV is too long?
The maximal duration of AV (or PR) depends on several factors, as previous-
ly shown. These are heart rate and interatrial and interventricular delays (the
latter will dictate the duration of electromechanical systole). Whenever right
ventricular pacing is inevitable, such as in complete AV block or severe 1st
degree AV block during exercise, it must be done with a normalized mechan-
ical left AV interval as described above, to avoid pacemaker syndrome.
Therefore, all the available algorithms to reduce ventricular pacing must be
used with caution in order to avoid pacemaker syndrome at faster rates. In
the presence of left bundle branch block, which has similar hemodynamic
implications as RV pacing, avoidance of pacing may not be as important,
since dyssynchrony is already present. In this case, it is expected that simul-
taneous RV and LV stimulation with biventricular pacemakers may improve,
at least in part, inter- and intraventricular dyssynchrony.
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Conclusions

From the above observations, it is apparent that cardiac pacing offers both
benefits and side effects that have to be carefully weighed for each individual
patient. If the right ventricle must be paced, it has to be done with a normal-
ized AV interval and only when strictly necessary. The need for RV pacing is
determined not only by the presence of complete AV block but also in situa-
tions of first-degree AV block during exercise, to avoid “pacemaker syn-
drome without a pacemaker” [14]. In patients with left bundle branch block,
there is so far no evidence that RV pacing further deteriorates LV function.
Thus, avoidance of RV pacing in these patients does not theoretically provide
any clinical benefit except for increased device longevity.
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Hemodynamics in Standard Cardiac Pacing

MILOS TABORSKY

Early Experiences with Rate-Responsive Pacing

The first rate-responsive pacing systems were introduced by Center [1] and
Lagergren [2] in 1964–1966. Both systems used P waves, which were detected
with an atrial electrode positioned by thoracotomy or mediastinoscopy to
trigger the ventricular pacing after a short delay. A comparison of the acute
data with VVI pacing showed that the cardiac index increased by 10–30%.
Despite these promising data, atrioventricular (AV) synchronous pacemakers
were not widely used until the late 1970s.

The first extensive study of the acute hemodynamic effect of AV synchro-
nous pacing was carried out by Karlöf [3] in a study of 25 patients. With a
change from fixed-rate ventricular pacing of 70 bpm to AV synchronous pac-
ing, cardiac output increased by 20%. The change in cardiac output was
obtained without an increase in left ventricular filling pressure.

One of the first comparisons between the acute and long-term hemody-
namic effects of ventricular and AV pacing was made by Kruse [4]. No signif-
icant differences were found between acute and long-term results based on
an acute invasive study of hemodynamics at rest and during exercise in AV
synchronous pacing. The increases in cardiac output and stroke volume were
significantly lower in patients with fixed-rate ventricular pacing.

Since the 1980s, dual chamber pacing and DDD/DDDR modes have
become the standard for physiological pacing. DDD/R mode has two funda-
mentals advantages: (1) AV synchrony and restoration of atrial function, and
(2) adaptation of heart rate to the sensed atrial activity. However, the ques-
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tion remains: are these advantages truly physiologic, especially in patients
with depressed left ventricular function and right apical pacing?

Heart Rate and Atrioventricular Synchrony

The importance of increasing heart rate to increase cardiac output during
exercise has been clearly documented in several studies [5, 6]. Since the
improvement in exercise performance is due predominantly to an increase in
heart rate, it is expected that favorable hemodynamic results will be obtained
by rate-adaptive systems.

In the era of ventricular rate-responsive pacing (VVIR), a number of dif-
ferent sensors have been incorporated into pacemakers. Many investigations
have compared the exercise hemodynamics between sensor-driven VVIR
pacing and those of VVI pacing. Percentage improvements of heart rate and
exercise duration during symptoms-limited exercise in the VVIR and VVI
pacing modes was determined in several large series for currently available
rate-adaptive systems. The results showed variable but consistent increases
of 69% in rate and 32% in exercise tolerance in patients with VVIR pacing
[7, 8]. Early comparisons of patients with VVI and VVIR pacing consisted of
rather small series and mixed patient populations in terms of pacemaker
indications, symptoms of heart failure, and degree of ventricular dysfunc-
tion.

The use of an atrial sensing electrode to synchronize ventricular stimula-
tion with intrinsic sinus node discharge (atrial synchronous ventricular pac-
ing, VAT) resulted in a more physiologic mode of pacing [9, 10]. Addition of
a ventricular sensing capability to this pacing mode resulted in the develop-
ment of the VDD mode as a combination of VAT plus VVI.

The standard approach to the management of complete symptomatic
heart block involves the use of pacemaker units that provide not only basic
ventricular pacing support but also adaptation of the pacing rate to physio-
logic needs. Two patterns of hemodynamic response to higher rates of ven-
tricular pacing have been described. In the flat response, after an initial
increase in heart rate and cardiac output (rate increase from 30 to 60 bpm),
cardiac output remains relatively constant as stroke volume decreases with
further rises in heart rate [11]. This response occurs most often in individu-
als with normal cardiac function and indicates that cardiac output is rela-
tively independent of heart rate. In the peaked response, cardiac output
increases progressively until the optimal pacing rate is achieved and further
increases are not possible [12]. The peaked response is more commonly
observed in patients with myocardial disease, in whom cardiac output is
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more sensitive to changes in preload, afterload, myocardial contractility, and
distensibility. The major factors limiting the increase in resting cardiac out-
put that can be achieved by pacing rate alone are shortened diastolic filling
time, reduced left ventricular compliance at higher rates of ventricular pac-
ing, and increased systematic resistance [7, 8].

AV Block and Ventricular Pacing

In patients with acquired complete heart block, cardiac output is less than in
patients with a normal heart rate [13]. As a result, compensatory increases in
sympathetic tone and end-diastolic ventricular volume occur, leading to
higher atrial rates, enhanced ventricular contractility, and increased stroke
volume [14].

The importance of the duration of overload is confirmed by the observa-
tion that the frequency of congestive heart failure symptoms in patients with
complete heart block correlates with the duration of heart block. Congestive
heart failure has been described during chronic complete heart block even in
patients with normal ventricular function. In two-thirds of patients with
complete heart block and congestive heart failure, symptoms were induced
by ventricular pacing alone, and no additional medical therapy was required
[15]. Janousek described that, in pediatric patients with congenital heart
block, implantation of a pacemaker and right apical pacing resulted in
increased left ventricular dilatation and the development of heart failure
[16]. However, longer-lasting ventricular pacing in hearts with AV block may
lead to left ventricular dilatation and hypertrophy secondary to the effect of
asynchronous activation in the adult population as well [17–19]. These data
strongly suggest that in the patient with AV block the short- and long-term
effects of RV pacing are different, indicating that the choice of apical or sep-
tal right ventricular pacing together with algorithms minimizing ventricular
pacing may be essential.

Role of Optimal AV Interval During Pacing

An optimally timed atrial contraction (before the isovolumetric contraction
phase) maximizes filling and thereby its output, according to the Frank-
Starling principle. Premature atrial contraction (as in the case of first-degree
AV block and dual-chamber pacing with long AV intervals) decreases the
pump function of the atrium. In addition, it may initiate early mitral valve
closure, thereby limiting ventricular diastolic filling time. This observation
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can be explained by the importance of three factors collaborating to achieve
optimal closure of the AV valves: (1) termination of transvalvular flow at the
end of the atrial contraction forces the valvular leaflets to approach one
another; (2) at the beginning of ventricular contraction, the anulus of the AV
valve contracts, as do the papillary muscles that hold the leaflets; (3) at the
start of ventricular contraction, ventricular pressure rises above atrial pres-
sure, and the valves close. When these factors are misaligned, the opportuni-
ty for diastolic and systolic mitral regurgitation arises [20].

AV Interval in Patients with Normal Left Ventricular Function

The AV interval that maximizes resting cardiac output during dual-chamber
pacing varies widely among patients, and has been reported in most studies
to be between 125 and 200 ms [21, 22]. Optimal AV interval can be deter-
mined in most patients during dual-chamber pacing by means of several dif-
ferent invasive and noninvasive measurements. Most commonly, optimal AV
interval is assessed by left ventricular outflow recording with Doppler
echocardiography [23].

The optimal AV interval determined with Doppler echocardiography cor-
relates well with the optimal AV interval determined with radionuclide ven-
triculography. Many factors, in addition to interpatient variability, may influ-
ence the determination of optimal AV interval in the same patient, such as
heart rate, paced or sensed atrial event, posture, and exercise [24, 25]. During
the lifetime of a patient, there may be situations in which the optimal AV
interval is different from the AV interval considered to be physiologic.
Optimal hemodynamics at AV intervals in the range of 80–120 ms for com-
plete heart block complicating an acute myocardial infarction or after car-
diac surgery reflect intrinsic catecholamine levels or the administration of
inotropic drugs and reduced left ventricular compliance in these acute situa-
tions.

AV Interval in Patients with Depressed Left Ventricular Function

In patients with depressed left ventricular function, relaxation is slower than
in normal hearts. Less blood enters the ventricles during the rapid filling
phase, as can be observed from the lower E waves on Doppler echocardio-
grams. Therefore, failing hearts are more dependent on properly timed atrial
contraction than normal hearts.

The actual role of atrial contraction in patients with dilated ventricles
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and low ejection fraction varies among individuals. The systolic pump func-
tion of the left atrium is described as a “shoulder” in the left ventricular
pressure tracing, and the left ventricle does not start contracting immediate-
ly after atrial contraction. If this plateau lasts too long, diastolic mitral regur-
gitation may occur, as is the case in patients in whom a decrease in left ven-
tricular pressure occurs after atrial contraction. About 20% of patients in
heart failure studies for whom complete hemodynamic data are available
show this type of diastolic left ventricular pressure waveform.

Examination and calculation of the cardiac output with Doppler echocar-
diography, as is easily and frequently done in patients with dual-chamber
pacemakers, is more problematic in patients with depressed left ventricular
ejection fraction [25]. The number of repetitions required to obtain a repro-
ducible evaluation of the optimal AV interval makes this method impractical
for patients with depressed ejection fraction [26, 27].

Hemodynamic Consequences of Ventricular Asynchrony

Abnormal asynchronous activation causes abnormal contraction patterns,
inefficient and depressed pump function, and, later, ventricular remodeling.
Wiggers recognized the importance of normal electrical activation of the
ventricle for optimal pump function in 1925 [28]. In the 1960s, Kosowsky
compared right ventricular apex pacing with His-bundle pacing, the latter
maintaining the normal activation but allowing variation of the AV interval.
It was concluded that AV synchrony and proper sequence of activation are
equally important [29].

The combination of acute adverse hemodynamic effects and long-term
ventricular remodeling may explain why abnormal electrical activation and
asynchronous electrical activation have major implications for the clinical
status of the patient. Several studies have shown that morbidity and mortali-
ty are higher in patients with long-term AV apex pacing than in those with
atrial pacing [30, 31]. In patients with sinus-node disease and good ventricu-
lar function, the risk for development of heart failure was significantly high
after more than 7 years in a comparison of atrial pacing and right ventricu-
lar pacing [32]. In a similar population, the risk of hospitalization for heart
failure within 3 years increased with the percentage of time the patients
underwent pacing at the right ventricular apex [33]. The development of
heart failure and atrial fibrillation was more sensitive to the percentage of
pacing than to the pacing mode (single- or dual-chamber pacing). In
patients who received an implantable cardioverter-defibrillator (ICD), the
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incidence of heart failure was higher within a year in patients paced at VVI
70 bpm rather than in backup mode [34].

Experimental proof of the negative effect of left bundle branch block
(LBBB) on hemodynamics has come from studies in an animal model of
LBBB [35, 36]. The negative effect of LBBB on left ventricular pump function
was shown in several studies [37–39]. Therefore, it appears that right ventric-
ular apex pacing and LBBB are conditions that increase the risk of heart fail-
ure and cardiac death, especially in patients with already compromised func-
tion. For this reason, efforts to either prevent right ventricular apex pacing
or correct LBBB are rapidly growing. With our knowledge of electrical
impulse conduction (electroanatomical mapping and other techniques), it
becomes obvious that the best solution may depend on whether the heart
has normal or disturbed intrinsic conduction within the ventricles.

Long-term epidemiological studies determining cardiovascular morbidi-
ty have shown that LBBB always carries a poor prognosis. In a 29-year fol-
low-up study of 3,983 pilots, the morbidity and cardiovascular mortality rate
among those showing signs of LBBB was 17.2%, and the most common clini-
cal event observed was sudden death without any previous symptoms (17%).
These percentages are ten times higher than those in subjects without LBBB
[40]. In the Framingham Study, cumulative cardiovascular mortality over 10
years was approximately five times higher in patients with LBBB than in
those without LBBB [41].

The Role of Modern Physiological Sensors in Pacing Hemodynamics

The role of hemodynamic sensors is to assess the inotropic status of the
heart and adapt the pacing rate to the contractility and exercise level. Most
of the hemodynamic sensors available in implantable pacemakers are sensi-
tive to different expressions of the strength of cardiac contraction, which
depends in turn on myocardial contractility (controlled by the autonomic
nervous system) and preload (independent of the autonomic nervous sys-
tem), according to Starling’s law [42]. Therefore, any hemodynamic parame-
ter affected by the cardiac contraction strength can reliably reflect the input
of the autonomic nervous system to the heart only if the preload is assessed
and accounted for.

The issue has been addressed by a new sensing system based on trans-
valvular impedance (TVI), which is the impedance recorded between the
right atrium and right ventricle. TVI reflects the hemodynamic changes that
occur during the cardiac cycle, the minimum TVI being associated with the
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maximum diastolic volume and the maximum TVI with the minimum sys-
tolic volume. In addition, TVI fluctuations are observed only in the presence
of ventricular ejection [43]. The signal is missing whenever the volume does
not change, as in the case of capture loss. Assuming an inverse relationship
between TVI and ventricular volume, the signal can provide information on
relative changes in end-diastolic volume, end-systolic volume, stroke volume,
and ejection fraction.

Since changes in stroke volume and end-diastolic volume are monitored,
the inotropic index can be derived from the relationship between the two
parameters, a classic way to describe contractility while accounting for the
effect of preload on pump function. Indeed, the TVI inotropic index differs
from the one obtained from the ratio of the current stroke volume, corrected
for preload changes with respect to basal conditions, and basal stroke vol-
ume. The product of the inotropic index times the resting rate and a pro-
grammable gain factor, added to the basic rate, defines the TVI-indicated
pacing rate.

In addition to the standard pacing function, the pacemaker records TVI,
determines the minimum and maximum value in each cycle, checks the data
to confirm or deny ejection, averages the results over a programmable num-
ber of cycles, and calculates inotropic index and TVI, which after a smooth-
ing process becomes the pacing rate applied by the device. Tests were per-
formed under overdrive atrial pacing to exclude the possibility that the
increase in the inotropic index could be dependent on a previous increase in
cardiac rate. On the contrary, even if the sinus rate was suppressed, isopro-
terenol administration induced a clear-cut increase in inotropic index, TVI,
and pacing rate. Moreover, an increase in cardiac rate independent of the
adrenergic input, induced by reprogramming the pacemaker basic rate, had
no effect on the inotropic index, demonstrating that the TVI rate-responsive
system is not affected by positive feedback. Another important application of
the TVI sensor is the confirmation of systolic ejection after ventricular sens-
ing or pacing. The algorithm compares the maximums TVI detected in a
rate-adapted systolic window with a reference value derived from the aver-
age end-diastolic TVI and end-systolic TVI recorded in eight previous
cycles. If the reference is reached or exceeded, ejection is confirmed; other-
wise it is denied and the stimulator activates an alarm modality [44].

TVI could be an effective tool for pacing rate auto-regulation based upon
changes in cardiac inotropic state; it is adapted according to adrenergic
input, either in the presence or absence of intr insic rate changes.
Furthermore, a TVI rate-responsive system is free of positive feedback
effects [45]. Therefore, pacing algorithms based on TVI may offer a safe and
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reliable alternative of rate-responsive pacing reflecting physiological hemo-
dynamics in patients with both normal and depressed left ventricular func-
tion.
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Hemodynamic Assessment with an Implanted Pacing Device

MARIA GRAZIA BONGIORNI1, EZIO SOLDATI1, GIUSEPPE ARENA1, GIULIO ZUCCHELLI1,
ANDREA DI CORI1, ALBERTO BARBETTA2, FRANCO DI GREGORIO2

Introduction

Continuous hemodynamic monitoring could be highly valuable in the treat-
ment of cardiac diseases characterized by a deterioration of pump function,
allowing detection of the early signs of heart failure and thus prompt adapta-
tion of the pharmacological regimen to the patient’s changing clinical condi-
tion [1]. Therefore, specific implantable devices have been developed to record
right ventricular blood pressure and dP/dt in the outflow tract, in order to
assess diastolic pulmonary pressure [2]. Indications of the pressure sensor
were shown to be correlated with invasive hemodynamic measurements and
anticipated the clinical course of the disease, predicting and potentially reduc-
ing the need for hospitalization [2–4]. However, an increasing proportion of
heart-failure patients have already received implantable rhythm-control
devices (pacemakers and defibrillators), which are often designed to provide
cardiac resynchronization therapy. In such patients, the same hardware need-
ed for cardiac stimulation could be used to also assess the hemodynamic state.
For instance, a system intended to reveal fluid accumulation in the lung based
on thoracic impedance measurements by an implanted biventricular defibril-
lator was recently introduced in the clinical setting. Impedance is assessed
between the defibrillation coil placed in the right ventricle and the device case
in the left pectoral region. An inverse correlation with both pulmonary capil-
lary wedge pressure and net change in body fluids during hospital care was
reported [5]. The decrease in intrathoracic impedance started approximately 2
weeks before the manifestation of pulmonary congestion symptoms requiring
hospitalization.

1Cardiothoracic Department, University of Pisa, Pisa; 2Clinical Research Unit, Medico
Spa, Rubano (PD), Italy



Cardiac Impedance as Volume Sensor

Similar to thoracic impedance, cardiac impedance can be measured with the
same electrodes used for pacing or defibrillation. Different configurations
have been proposed, including unipolar impedance (derived between the tip
ventricular electrode and the stimulator can), bipolar ventricular impedance
(derived between the tip and ring ventricular electrodes of standard bipolar
pacing leads, or between two ring electrodes of a special tripolar lead, while
the testing current is applied between the tip electrode and the stimulator
can), transvalvular impedance (derived between the atrial ring and either the
tip or the ring ventricular electrode in dual-chamber pacing systems). In all
recording configurations, impedance changes during the cardiac cycle are
assumed to reflect the mechanical activity of the ventricle [6]. However, the
unipolar impedance waveform has not been related to the specific aspects of
cardiac hemodynamics; the only claim being that any waveform change with
respect to a reference signal can be taken as an indication of increased
myocardial contractility and applied to drive rate-responsive pacing in a
closed-loop system [7, 8]. In contrast, bipolar ventricular and transvalvular
recording configurations provide impedance waveforms of predictable
shape, supporting the hypothesis of an inverse relationship with ventricular
volume [9, 10]. In particular, the transvalvular impedance (TVI) has drawn
increasing attention due to its remarkably high signal stability and resolu-
tion. It is generally lower in diastole and higher in systole, increasing after an
R wave or a ventricular pacing spike throughout the QT interval to reach the
maximum peak right at the end of the T wave, when the ventricular volume
is at a minimum. TVI then decreases back to the diastolic level in two steps,
related to passive and active ventricular filling [11]. Since the TVI signal is
not high-pass filtered, changes in absolute end-diastolic and end-systolic
values (EDTVI and ESTVI, respectively) can be detected. EDTVI decreases
when the ventricular filling time is prolonged (Fig. 1) and increases when it
is shortened (for instance, in the event of an ectopic beat). Moreover, EDTVI
increases under conditions of reduced venous return (e.g., with the patient
in the standing position) and decreases when venous return is known to be
increased (e.g., with the patient in the supine position or during skeletal
muscle activity). Therefore, EDTVI can be proposed as a marker of beat-by-
beat preload modifications and, possibly, of long-term changes in ventricular
volume as well [12]. In addition, TVI excursion from diastole to systole (i.e.,
the difference between absolute ESTVI and EDTVI) can be correlated with
the stroke volume (SV). Indeed, when the SV increases or decreases, the TVI
waveform peak–peak amplitude is correspondingly increased or decreased
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(Fig. 1). If SV changes are induced by changes in preload, according to
Starling’s law, peak–peak TVI modifications result from changes in EDTVI
only, while ESTVI remains constant. In contrast, when SV changes are due to
stimulation or depression of myocardial contractility, peak–peak TVI modi-
fications are associated with changes in ESTVI (Fig. 2). The relationship
between the difference in peak–peak TVI and EDTVI with respect to refer-
ence conditions (putative SV and preload indicators, respectively) reflects
the inotropic state and has proven effective in the assessment of acute
changes in adrenergic tone [13].
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Fig. 1. From top to bottom: transvalvular impedance (TVI) recorded in atrial ring–ven-
tricular ring configuration, right ventricular and atrial electrograms (VEGM and
AEGM, respectively), surface ECG, blood pressure in the femoral artery (femoral P), and
its time derivative (femoral dP/dt). The recording was obtained with an external device
during the implantation of a biventricular stimulator in a patient with dilated car-
diomyopathy and left bundle branch block (LBBB). The left ventricle is paced in VDD.
TVI recorded in the right heart shows the usual features, increasing in the QT interval
and decreasing after the end of the T wave (passive filling). A clear-cut change in slope
is observed after P-wave detection and indicates active filling. After two regular cycles, a
PVC (premature ventricular contraction) (arrow) fails to produce a pressure pulse, sug-
gesting that no ejection takes place. Consistently, TVI fluctuation is virtually abolished.
The next cycle shows a long filling time and a large stroke volume (as suggested by high
pulse pressure). The corresponding TVI fluctuation is also increased, mainly due to a
decrease in the minimum diastolic value (a preload indicator). The following cycle
shows a small pressure pulse, probably due to a weak contraction. At the same time, TVI
fluctuation is depressed and a reduction in the end-systolic value (a contractility indica-
tor) is noticed.



Hemodynamic Monitoring with TVI

The feasibility of deriving complex information on ventricular volumes and
related hemodynamic parameters, such as preload, SV, and ejection fraction,
by recording absolute values of cardiac impedance in telediastole and
telesystole was originally proposed by Chirife and coworkers [9]. In their
model, which was tested in vitro, volume was proportional to a negative
power of the measured impedance. The actual quantitative relationship
between volume and impedance in the beating heart has so far only been
determined with multipolar catheters used in acute hemodynamic studies
[14]. However, a new family of pacemakers equipped with the TVI sensor is
now available in the clinical setting (Sophòs models 151 and 155, Medico,
Padua, Italy) and could allow evaluation of the reliability of impedance
recording by conventional pacing leads in the assessment of acute and
chronic changes in ventricular volume. Studies have already been undertak-
en to compare TVI indications and echocardiographic evidence during
hemodynamic challenges based on variation in pacing mode, stimulation
rate, and AV delay. In addition, patients will be followed-up in the long term
to verify whether TVI can reveal or predict significant changes in clinical
condition and hemodynamic performance. Promising results have recently
been reported with bipolar impedance measurements in a 1-year follow-up
of heart-failure patients. Pacing impedance changes in the right ventricular
apex showed positive and negative correlation, respectively, with changes in
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Fig. 2. TVI recorded in atrial ring–ventricular tip configuration (upper tracing) and sur-
face ECG (lower tracing) before (left panel) and during a stress test on an ergometric
bicycle (right panel); VDD pacing. Physical exercise induces an increase in end-systolic
TVI, reflecting increased myocardial contractility, and a decrease in end-diastolic TVI,
due to the increased venous return



left-ventricular ejection fraction (LVEF) and NYHA functional class [15].
In conclusion, theoretical considerations and acute experimental evi-

dence support the use of TVI for continuous hemodynamic monitoring of
pacemaker patients. The sensing system is based on the same hardware
implanted to provide cardiac stimulation, with no need of dedicated pacing
leads. Hemodynamic monitoring is important in heart-failure patients and
could suggest timely adaptations in the pharmacological treatment or in the
programming configuration of a cardiac resynchronization device. However,
this new option may also be valuable in the pacing therapy of rhythm disor-
ders, especially if a high prevalence of ventricular pacing is expected, as
early warning could be obtained in case of hemodynamic deterioration [16,
17].
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Hemodynamic Optimization of Pacing Configuration in
Bradyarrhythmias

GIANFILIPPO NERI1, ROLANDO ZAMPROGNO1, DIEGO VACCARI1, GIULIANO MASARO1,
ALBERTO BARBETTA2, FRANCO DI GREGORIO2

Introduction

The electric treatment of cardiac bradyarrhythmias by an implanted pace-
maker is mandatory whenever the reduction in ventricular rate results in a
functional impairment affecting health, safety, and quality of life [1].
Nevertheless, it is well-known that electrical stimulation of the heart may
have disadvantages and drawbacks, which have been progressively identified
and brought to attention as a consequence of increasing clinical experience
and medical knowledge. Parallel improvements in pacing technology have
allowed many essential issues to be addressed and solved, such as the pre-
vention of competitive pacing and synchronization of atrial and ventricular
stimulation to maintain physiological sequential activation. In the last
decade, the increasing use of biventricular pacing in the therapy of heart
failure has underlined the relevance of interventricular and intraventricular
synchronization for effective pump function. However, conventional single-
site pacing in the right ventricular apex (RVA) necessarily implies myocar-
dial conduction of the evoked action potential, resulting in deep modifica-
tion of the ventricular activation pattern and delayed contraction of the left
ventricle (LV), as indicated by the altered axis and increased duration of the
QRS complex and confirmed by echocardiographic observation. The short-
and long-term impacts of RVA pacing on cardiac hemodynamics have there-
fore become major concerns in the care of patients presenting with brady-
cardia [2].

1Cardiology Department, Carretta Hospital, Montebelluna (TV); 2Clinical Research
Unit, Medico Spa, Rubano (PD), Italy



Hemodynamic Implications of Ventricular Pacing

Ventricular dyssynchrony induced by RVA pacing can increase myocardial
stress and mitral regurgitation and affect coronary perfusion, thus leading to
long-term cardiac remodeling, atrial enlargement, and an increased inci-
dence of atrial fibrillation and heart failure [2–7]. However these deleterious
effects are often associated with pre-existing conditions of ventricular func-
tion impairment [8]. Provided that baseline hemodynamics had been pre-
served at the time of implantation, the clinical consequences of ventricular
pacing were found to be negligible in a cohort of pacemaker patients affect-
ed by atrioventricular (AV) block and continuously paced along a 3-year fol-
low-up [9, 10].

To keep as low as possible the incidence of ventricular pacing in patients
provided with intrinsic AV conduction, dedicated algorithms have been
designed, including AV delay hysteresis (a mechanism by which the pro-
grammed AV delay is prolonged by a defined interval as long as intrinsic AV
conduction is detected) and mode switch from AAI to DDD and back,
depending on the absence or presence of intrinsic R waves [11, 12]. Although
these systems have been shown to be effective in implantable cardioverter
defibrillators (ICD) as well as in the pacing therapy of patients with sick
sinus syndrome, they cannot be applied to the treatment of permanent AV
block, in which ventricular stimulation is required to avoid asystole or to
speed up AV conduction in order to improve ventricular filling, especially at
high cardiac rates. In these cases, the hemodynamic contraindications to
ventricular pacing can only be addressed by replacing the RVA with another
stimulation site, where lower pacing-induced ventricular desynchronization
is expected to occur. Promising results have been obtained by stimulating the
right ventricular outflow tract (RVOT), the interventricular septum or the
bundle of His [13–16], and with left-ventricular and biventricular pacing [7,
17, 18]. However, all of these techniques are, at present, more difficult than
conventional RVA pacing and the risk of adverse events is higher. They are
therefore better applied in selected patients, in whom RVA pacing might
prove particularly detrimental.

At present, assessing whether RVA pacing is well-tolerated and what the
best-suited alternative pacing site may be in each individual patient is diffi-
cult and time-consuming, as the acute hemodynamic effects of electrical
stimulation should be evaluated by echocardiography or cardiac catheteriza-
tion during either the implantation procedure or a previous electrophysio-
logical study. This is virtually impossible in the actual clinical setting, where
information on ventricular mechanics would be of practical value only if it
was inexpensive and quickly obtained. Since implantable hemodynamic sen-
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sors can be considered for this purpose, we have tested the application of
transvalvular electric impedance (TVI) in the detection of pacing-induced
ventricular desynchronization.

Tailoring the Pacing System with TVI

TVI is recorded between right atrium and ventricle with either tip or ring
conventional pacing electrodes and is claimed to reflect changes in right
ventricular volume. Indeed, TVI increases throughout ventricular systole
and decreases during passive and active ventricular filling. In addition, end-
diastolic TVI was shown to increase under conditions of decreased preload,
while end-systolic TVI increased when myocardial contractility was
enhanced by adrenergic stimulation [19–21]. We compared the TVI wave-
form properties under intrinsic AV conduction and RVA pacing in eight
patients affected by sick sinus syndrome, with or without AV block, and
implanted with the pacemaker Sophòs 151 (Medico, Padova, Italy), a dual-
chamber rate-responsive device equipped with the TVI sensor. Immediately
after TVI recording by pacemaker telemetry, diastolic and systolic function
was assessed by two-dimensional and Doppler echocardiography under the
same pacing conditions (i.e., intrinsic conduction in sinus rhythm vs. atri-
um-driven RVA pacing with 80-ms AV delay). Interventricular and intraven-
tricular desynchronization was expressed, respectively, as the delay between
the onset of pulmonary and aortic flow and between basal septum and LV
lateral-wall contraction, as detected by tissue Doppler imaging.

The average delay of aortic vs pulmonary flow (0.9 ± 24 ms with intrinsic
AV conduction) showed a non-significant acute increase after transition to
RVA pacing (15 ± 21 ms). Similarly, a non-significant increase in average
intraventricular delay was observed (from 7 ± 18 to 20 ± 22 ms). However,
the sensitivity to RVA pacing differed among patients and evidence of ven-
tricular desynchronization was clearly obtained in some of them (Fig. 1).
Stroke volume (assessed as velocity-time integral of LVOT flow) was signifi-
cantly decreased from 127 ± 40 to 118 ± 38 ml (p < 0.05, paired Student’s t
test), but the individual reduction was not correlated with either the inter-
ventricular or intraventricular desynchronization level.

The TVI waveform recorded during intrinsic AV conduction generally
showed the expected physiological time-course, characterized by a progressive
increase in the ejection phase with the maximum peak occurring within the T-
wave decay (Figs. 2–3a). RVA pacing entailed morphological modifications in
the TVI waveform, including a faster rate of rise and the presence of more
peaks in the Q-T interval. These changes were more pronounced in patients
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Fig. 1. Time interval from the onset of pulmonary flow (Pop) to the onset of aortic flow
(Aop), during intrinsic atrioventricular (AV) conduction (open bars) or atrium-driven
pacing in the right ventricular apex (RVA), with 80-ms AV delay (full bars). Each case is
identified by the serial number of the implanted pacemaker. The impact of pacing on
interventricular synchronization differed in different patients

a b

Fig. 2a, b. From top to bottom: pacemaker event markers (As, atrial sensing; Vs, ventricu-
lar sensing; Vp, ventricular pacing), TVI waveform, surface electrocardiogram, recorded
during intrinsic AV conduction (a) and VDD pacing in RVA with 80 ms AV delay (b), in
the patient implanted with Sophòs 151 number 157. In this case, the interventricular
desynchronization induced by RVA pacing was negligible (Fig. 1). TVI was recorded in
atrial ring–ventricular ring configuration, with a sampling current of 20 µA. The wave-
form showed a physiological time-course after both ventricular sensing and pacing



showing echocardiographic evidence of interventricular desynchronization
(Figs. 2–3b). The peak-peak amplitude of TVI fluctuation from diastole to sys-
tole was decreased by 14 ± 13% (p < 0.05, paired Student’s t test) and the indi-
vidual reduction was linearly correlated with the delay of aortic vs pulmonary
flow observed during atrium-driven RVA stimulation (r = 0.68).

Conclusions

High interpatient variability characterizes the acute effects of RVA pacing on
cardiac hemodynamics. Changes in the TVI waveform associated with the
transition from intrinsic conduction to ventricular stimulation can reflect
pacing-induced alterations in ventricular mechanics and help to quickly
identify patients who might require an alternative stimulation site or the
upgrading to biventricular pacing during the implantation procedure, when
echocardiographic analysis is not practicable. In chronic conditions, the TVI
sensor available in Sophòs pacemakers may allow permanent monitoring of
the patient’s hemodynamic efficiency and detect early signs of a possible
deterioration, which could be timely counteracted by correcting the drug
regimen, pacemaker programming, or pacing system configuration.
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a b

Fig. 3a, b. Patient implanted with Sophòs 151 number 159, in whom a maximum delay in
left ventricular contraction induced by RVA pacing was observed (Fig. 1). The patient
presented with trifascicular block and long PR; therefore, the pacemaker was temporar-
ily programmed in VVI at 40 bpm to inhibit ventricular stimulation (a). TVI was
recorded in atrial ring–ventricular tip configuration, with a sampling current of 20 µA.
The waveform showed a physiological time-course after ventricular sensing, but was
heavily modified by RVA pacing (b)
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Applications of TVI Sensing in Cardiac Stimulation

ERALDO OCCHETTA1, MIRIAM BORTNIK1, FRANCO DI GREGORIO2, ALBERTO BARBETTA2,
PAOLO MARINO1

Introduction

Permanent cardiac stimulation has become increasingly complex, and mod-
ern pacing devices are now equipped with a wide set of functions aimed at
reproducing as closely as possible the physiological control of cardiac
rhythm, including dual-chamber and three-chamber architecture, sensor-
driven rate-response, careful management, and rate-adaptation of the atri-
oventricular delay. Special algorithms have been developed to allow pacing
and sensing autoregulation, self-limitation of unnecessary ventricular stim-
ulation, pacing-mode switch in the event of supraventricular tachyarrhyth-
mias, overdrive pacing aimed at preventing atrial fibrillation, etc. However,
in spite of the improved effectiveness in sensing and processing cardiac
electric signals, standard pacemakers do not take into account the associat-
ed mechanical activity, which is the final expression of ventricular function.
So far, a few special models have been equipped with hemodynamic sensors,
which are used to assess changes in myocardial contractility and according-
ly regulate rate-responsive pacing [1–4]. However, no attempt has been
made to acquire information on the heart’s hemodynamic activity on a
beat-by-beat basis.

The Transvalvular Impedance Sensor

A new hemodynamic sensor has been brought to the attention of the medical
community in recent years: the transvalvular impedance (TVI). TVI is the

1Division of Cardiology, School of Medicine, Università degli Studi del Piemonte
Orientale, Novara; 2Clinical Research Unit, Medico Spa, Rubano (PD), Italy



electrical impedance derived between the right atrium and right ventricle
with standard pacing electrodes. The measurement shows regular periodic
fluctuation along the cardiac cycle, increasing in the QT period (systole) and
decreasing in diastole and after a P wave [5, 6]. The signal time-course thus
suggests an inverse relationship with ventricular volume [7–9], which was
confirmed by TVI recording in experimental animal models. When right
ventricular systolic ejection was prevented by reversible clamping of the pul-
monary artery, cyclic TVI fluctuation was virtually abolished, notwithstand-
ing the presence of ventricular electrical activity and isometric myocardial
contraction. Recording in human patients has consistently showed that TVI
rises after a spontaneous R wave or a ventricular pacing spike only if an
effective ejection occurs, as demonstrated by the detection of a pressure
pulse signal [6]. Due to its stability and remarkably high signal-to-noise
ratio, TVI can be measured without the need of high-pass filtering, so that
absolute impedance values are recorded (DC coupling). This way, the mini-
mum and maximum TVI detected in a cardiac cycle can reflect, respectively,
the level of diastolic ventricular filling and the residual systolic volume.
Indeed, end-diastolic TVI increases under conditions of decreased preload,
and end-systolic TVI increases if myocardial contractility is enhanced
[9–11].

Ejection Surveillance with TVI

Since TVI fluctuation is specifically related to systolic ejection, this sensor
has been proposed as a tool for the hemodynamic check of pacing effective-
ness by a pacing device [5, 10]. As long as ventricular capture is achieved,
each pacing pulse entails a properly timed increase in TVI. By contrast, in
case of capture failure, TVI remains at baseline or even continues to decrease
as a result of prolonged ventricular filling (Fig. 1). If the TVI response to
ventricular pacing is missing, the stimulator should automatically react by
increasing the energy of the next pulse to be released. This algorithm was
initially tested by an external pacemaker provided with the TVI sensor. In
order to identify a proper discriminant of true TVI responses from back-
ground noise, the signal amplitude detected within an appropriate time-win-
dow after each pacing spike was compared with the average amplitude mea-
sured in eight previous paced cycles. The lower limit of TVI relative varia-
t ion in the presence of an evoked response was found to be 65%.
Accordingly, a cut-off level of 50% was proposed to maximize both sensitivi-
ty and specificity in capture-loss recognition [12].
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An ejection check at every heartbeat is valuable after either ventricular
pacing or sensing. In the former case, it can be applied to restore effective
stimulation by increasing pulse energy; in the latter, it may represent the
ultimate solution to prevent false inhibition of ventricular pacing. Indeed,
any sensing event that is not followed by a TVI increase can be regarded as
putative electromagnetic interference (EMI) from the external environment
(portable phones, antitheft devices, metal detectors, etc.) or from extracar-
diac physiological sources (myopotentials). Alternatively, it is possible that a
true ventricular depolarization does not entail systolic ejection, as the devel-
oped contraction strength is too small to overcome aortic or pulmonary
pressure. This is more likely to occur in the presence of early premature ven-
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Fig. 1. From top to bottom: transvalvular impedance (TVI), ventricular electrogram
(VEGM), atrial electrogram (AEGM), and surface ECG, recorded with an external device
during pacemaker implantation. TVI is derived between the atrial and ventricular ring
electrodes. Progressive pulse amplitude reduction during VVI pacing at 90 bpm.
Effective stimulation resulted in P wave occurrence in the QT interval and atrial con-
traction with closed atrioventricular valves. The last spike (spk) failed to capture the
ventricle and did not entail an increase in TVI. By contrast, diastolic TVI continued to
decrease as the passive filling time was prolonged and showed a further steep reduction
during active filling. Thereafter, the fluctuation of TVI kept pace with the intrinsic ven-
tricular activation (R waves)



tricular contractions. Therefore, an algorithm designed to protect pacemak-
er-dependent patients from the risk of oversensing should be triggered by a
repetitive lack of ejection in a series of cycles and not by an isolated event,
especially if ventricular sensing is not sequential to previous atrial activity.

An ejection check based upon the TVI sensor is available in the
implantable pacemakers of the Sophòs family (Medico, Padova, Italy), either
as diagnostic feature (Sophòs model 151) or for the actual regulation of pac-
ing function (Sophòs model 155). The algorithm can be enabled after ven-
tricular pacing, sensing, or both. Sophòs 155 reacts to the lack of TVI-indi-
cated ejection within the expected time-window after ventricular stimula-
tion by replacing the current pulse parameters with a “safety pulse” of higher
energy, to be applied from the following pacing cycle. After safety stimula-
tion for 16 cycles, a threshold test is automatically performed in an attempt
to restore the programmed pacing pulse. In case missing ejection is noticed
after ventricular sensing in three consecutive cycles, Sophòs 155 will tem-
porarily switch to asynchronous dual-chamber pacing at 100 bpm, in order
to ensure non-competitive overdrive stimulation of the heart. The procedure
can be repeated up to three times with a 1-min maximal duration – a time-
frame that should allow removal of the electrical interference affecting the
pacemaker’s sensing function.

Both Sophòs models can optionally perform ventricular threshold analy-
sis at the follow-up under TVI control. In case of capture loss, the energy
scan is automatically broken and programmed pulse parameters are prompt-
ly resumed, while the test is closed and threshold values are stored in memo-
ry (Fig. 2). TVI effectiveness and reliability in capture-loss recognition dur-
ing threshold analysis is presently assessed by a multicenter registry. Each
patient is tested four times in different body positions: supine, right and left
lateral decubitus, and sitting upright. The system sensitivity is defined by the
ratio of the procedures successfully closed by TVI over the total number of
performed procedures. Specificity is derived from the pacemaker diagnostic
data collected in 20 min, while the patient changes posture and performs
physical exercise (walking). Throughout the observation period, the ventric-
ular pulse amplitude is programmed beyond twice the threshold; therefore,
no capture loss is expected to occur. Under this assumption, the specificity in
capture surveillance is expressed as the complement to 1 of the ratio
between the number of presumed capture-loss episodes recorded by the
device (regarded as false-alarms) and the total number of paced ventricular
cycles. Preliminary results have shown 100% sensitivity and 99.9% specifici-
ty, but the sample size at present is too small to draw any conclusions.
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Benefits and Limitations of Ejection Checking

Capture recognition based on the electrical evoked response to ventricular
pacing is often ineffective in the presence of fusion beats [13, 14]. By con-
trast, the TVI-driven ejection check is equally responsive to paced or sensed
ventricular activity and the risk of false-alarms is minimized. On the other
hand intrinsic AV conduction might mask a condition of capture failure,
unless it is delayed enough with respect to the spike emission to entail a TVI
increase outside the expected systolic window (Fig. 1). In addition, since the
ejection occurrence must be verified hundreds of milliseconds after the pac-
ing spike, the pulse energy can be increased in the event of capture loss
starting with the following cardiac cycle, and no back-up pulse is delivered
beforehand (Fig. 2). The above considerations make TVI better-suited to the
surveillance of ventricular activity aimed at increasing patient safety, rather
than to continuous assessment of the minimum effective pacing energy.

The ejection check after ventricular sensing is certainly a valuable task in
itself, which can only be accomplished by an advanced hemodynamic sensor.
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Fig. 2. ECG limb leads showing ventricular threshold analysis controlled by the TVI sen-
sor in a patient implanted with a Sophòs 151 pacemaker. A pulse amplitude scan was
performed in VVI pacing at 70 bpm. After one ineffective spike, the stimulation energy
was automatically increased so that capture was regained. The procedure was then
closed and the pacing mode switched back to DDD



This feature can be applied to protect the patient from false ventricular inhi-
bition, by mode-switching from inhibited to asynchronous dual-chamber
pacing or from atrial to dual-chamber pacing in case of paroxysmal AV
block. Most importantly, ascertaining the presence or absence of ventricular
ejection during a tachycardia burst might become a key factor to correctly
discriminate ventricular fibrillation, thus reducing the risk of inappropriate
discharge by implantable defibrillators.
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The Ideal Pacemaker for Complete AV Block

I. ELI OVSYSHCHER

Since the initial description of the use of a transvenous endocardial lead for
pacing in humans, in 1959 [1], the right ventricular apex (RVA) has served as
the traditional site for lead positioning. However, RVA pacing produces an
abnormal pattern of ventricular depolarization and there is growing evi-
dence that pacing from this site is associated with adverse functional and
structural changes in the left ventricle. This is manifested clinically in the
deterioration of left ventricular (LV) function and increased morbidity and
mortality. The results of numerous studies have described these observa-
tions, which were summarized in a recent review [2].

Obviously, in light of the potential harmful effects of ventricular (V) pac-
ing, every effort should be made to avoid it, if possible. However, V-pacing is
necessary in many patients because of unreliable or absent AV conduction,
i.e., in patients with advanced or complete AV block. V-pacing from the RV
outflow tract (RVOT), RV septum (RVS), His and para-His bundle area,
biventricular (BV) or LV pacing appears to have hemodynamics benefits
compared to RVA pacing.

In a recent paper, Lieberman et al. [3] attempted to identify the optimal
V-pacing site in patients with or without LV dysfunction. The authors stud-
ied the acute hemodynamic effects of AV synchronous pacing at three differ-
ent RV sites (apex, free wall, and septum), at the LV free wall, and at both the
RV septum and the LV free wall (BV) during electrophysiological studies in
patients with or without preexisting LV dysfunction. All of these patients had
normal QRS duration and no conventional indication for cardiac pacing.
During the acute pacing protocol, invasive hemodynamic assessment of the
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LV pressure-volume loop was obtained. The results showed that acute car-
diac hemodynamics and functions were better during LV and BV pacing
than during RV pacing at all three sites, especially in patients with preexist-
ing LV dysfunction. In patients with LV dysfunction, acute RV pacing at any
site resulted in worsening cardiac performance. However, in patients without
LV dysfunction, individual optimization of RV pacing sites could preserve
cardiac performance. There were substantial individual variations in the
optimal RV pacing sites. Thus, the study suggested that V-pacing sites need
to be individually optimized. In patients with preexisting LV dysfunction, an
LV-based pacing approach can avoid RVA-pacing-induced LV dyssynchrony
and may further improve LV performance. However, the clinical implications
of this finding remain unclear. In patients with conventional indications for
CRT, an acute hemodynamic benefit did not predict the long-term response
[4]. Additionally, the pacing sites tested in this study were imprecisely
defined.

With the recent advances in the active-fixation endocardial lead systems,
alternative RV pacing sites have been explored in order to replace the RVA.
In patients without significant distal conduction abnormalities, such as
those who have undergone AV node ablation for atrial fibrillation, His or
para-His bundle pacing has been shown to preserve the LV activation
sequence and LV function [5]. A recent study [6] showed that pacing at the
RVS with a screw-in electrode can stimulate ventricles antegradely and may
result in a normal LV activation sequence (interestingly, the RV septum site
was used by S. Furman in the first human implantation of the endocardial
pacing lead [1]). However, the technique for achieving successful RVS, His or
para-His bundle pacing remains challenging. One of the major issues related
to pacing in these sites is that it is difficult to define the optimal site for lead
placement. Moreover, data regarding acute and long-term effects of pacing at
sites other than that of RVA, are conflicting [7, 8]. Therefore, future studies
are needed to define the potential role of alternative RV pacing sites for
long-term pacing [2, 7, 8].

It seems evident from the MOST and DAVID trials that conventional RV
pacing (in all the large randomized trials the position of the lead in RV was
not defined) is harmful for some patients [2]. In the MOST study, only 10%
of DDD patients with sinus-node dysfunction had heart failure (HF) during
follow-up, and they were more likely to have a lower ejection fraction, to be
post-myocardial-infarction, and have a worse New York Heart Association
(NYHA) functional class than patients who did not experience HF [9]. Thus,
a significant group of RV pacing patients tolerates this approach for many
years without experiencing deleterious effects on LV function. Therefore, it
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would be essential and useful before pacemaker implantation to identify the
subset of patients susceptible to the adverse effects of RV pacing.

The recently published Ablate and Pace in Atrial Fibrillation (APAF)
study [10] attempted to resolve this problem. It evaluated the extent to
which pacing from the RVA affects LV electromechanical activation and
assessed whether the extent of LV asynchrony during RV pacing could be
predicted by clinical, ECG, or echo findings obtained during sinus rhythm.
The authors evaluated 56 patients with normal QRS and preserved AV con-
duction who received permanent backup RV pacing. Intra-LV electro-
mechanical activation was assessed during sinus rhythm and during RV
pacing. An abnormal electromechanical LV delay was found in 27% of
patients during sinus rhythm and in only 50% of patients during RV pacing
(p < 0.001). An abnormal baseline electromechanical LV delay and QRS > 85
ms were independent predictors of an abnormal electromechanical LV delay
during RV pacing. Thus, RVA pacing induces asynchrony of LV contractions
in a substantial percentage of patients, but by no means in all of them.
Although normal baseline electromechanical LV activation cannot exclude
the development of significant asynchrony during RV pacing, the presence
of preimplant LV asynchrony predicts a worsening of this detrimental
effect.

In a subgroup analysis of the DAVID trial [11], patients with abnormal
conduction (QRS ≥ 110 ms) had worse outcomes from RVA pacing than
patients with narrow QRS. These important observations [10, 11] reaffirm
the necessity to search for additional electromechanical indices that predict
a negative response to RVA paging, as well as a positive response to cardiac
resynchronization therapy in patients with conventional pacemakers. The
data can also explain why only some patients with RV pacing develop HF. As
was demonstrated in the MOST and DAVID trials, the development of HF
strongly depends on the cumulative percentage of RV pacing beats [2]. It
may be that a combination of these two factors, that is, LV dyssynchrony,
which can be detected by echo (or other cardiac imaging) techniques or
ECG, and a high percentage of RV pacing beats, can lead to a deterioration of
LV function, resulting in HF. Conversely, the absence of one of these factors
may postpone or preserve developing HF.

Currently, only patients with preexisting LV dysfunction seem more likely
to develop progressive HF after RV pacing. In those patients, LV-based pac-
ing should be recommended to prevent deterioration of LV function (RV
pacing can be used if solid evidence emerges that any alternative site[s] in
RV can prevent the weakening of heart function). This recommendation is in
complete agreement with the results of a recent randomized prospective
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study (30 patients) showing that prophylactic BV pacing in patients with AV
block resulted in better LV function (reduced LV end-diastolic, p = 0.022,
and end-systolic volumes, p < 0.001), better quality of life and exercise
capacity, and reduced N-terminal pro-B-type natriuretic peptide level (p <
0.002) when compared with RV apical pacing [12]. The benefit of BV over RV
pacing was similar for patients with (n = 9) and without (n = 21) AF. RV
function was not affected by BV pacing. Similar results were demonstrated in
two additional controlled studies on patients with AF and spontaneous [13]
or AV node ablation bradycardia [13–15].

However, except in a subset of pacemaker patients, as previously dis-
cussed, the routine use of LV-based pacing for an entire cohort of patients
with AV block is impractical due to numerous disadvantages of BV pacing,
such as the longer procedure time, shorter battery life, lead dislodgement, and
higher cost and complication rates. Moreover, BV or LV pacing induces dys-
synchrony in hearts with normal ventricular conduction [3, 16] and reduces
LV pumping function in patients with no baseline dyssynchrony. Therefore,
BV or LV pacing is not the ideal and not even an optimal solution for many
patients with AV block.

Recent studies have shown that 31–50% of pacemaker patients have
asymptomatic LV dysfunction [17, 18]. This is an important cohort of patients
who are potential candidates for LV-based pacing. Therefore, all patients with
AV block and RV pacing should be closely monitored for worsening of LV
function [17]. Recent studies have shown that upgrading to BV pacing can
improve functional status and cardiac function in those patients in whom HF
developed after RVA pacing [19].

Conclusions

There is no ideal pacing for patients with complete AV block. However, based
on our current knowledge we can suggest optimal pacing for these patients.
Patients with AV block who need permanent pacing should be evaluated on
the issues of LVEF and LV dyssynchrony presence. Patients with normal, or
close to normal, LV function and without dyssynchrony should be treated by
RV pacing. In patients with normal, or close to normal, LV dysfunction and
signs of LV dyssynchrony, EF should be closely monitored.

Patients with preexisting LV dysfunction (LVEF 40–45%) seem more like-
ly to develop progressive HF after RV pacing. In these patients in NYHA
class III–IV, LV-based pacing should be considered; in NYHA class I–II
patients, LV-based pacing may be recommended to prevent deterioration of
LV function.
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The Ideal Pacemaker for Elderly Patients

GULMIRA KUDAIBERDIEVA1, BULENT GORENEK2

Introduction

The number of elderly people has been rapidly increasing for several
decades. This increase in longevity has been accompanied by issues of health
and quality-of-life. Among these, the proper treatment of cardiac diseases in
the elderly has become an important concern. Sinus node dysfunction (SND)
and atrioventricular block (AVB) due to development of conduction system
fibrosis are the most common indications for cardiac pacing in elderly popu-
lation [1].

Population-based studies have demonstrated that more than two-thirds
of all pacemaker implantations are done in patients older than 65–70 years,
with very elderly patients over 80 years of age receiving 30% of the implanta-
tions [1, 2]. Retrospective studies demonstrated that pacemaker implantation
resulted in a reduction of disease symptoms, an improvement in functional
state and health, and an increase in long-term survival rates in elderly and
very elderly patients [2–6]. During the last few decades, there has been an
increase in the number of atrial-based dual-chamber pacemakers (DDD,
atrial and ventricular pacing and sensing, dual response) implanted in older
patients, from 0–27% in the early 1980s to 37–76% by the mid-1990s [1, 7].

It is known that single-chamber ventricular-based pacing (VVI, ventricu-
lar pacing and sensing, inhibition response) has significant drawbacks due to
a loss of atrioventricular synchrony, leading to hemodynamic deterioration
and development of pacemaker syndrome. In contrast, physiological atrial-
based pacing by preserving atrioventricular synchrony improves ventricular
filling and optimizes cardiac output. Elderly patients may be more sensitive
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to hemodynamic compromise because of aging-associated changes in car-
diovascular and autonomic function.

Trial and Study Results

Retrospective studies in very elderly patients suggested that the pacing mode
was not an independent predictor of survival after adjustment for clinical
variables and comorbidities, and had no prognostic influence on the long-
term survival of patients undergoing pacemaker implantation [2, 3, 7].

Several randomized prospective studies have compared patient outcomes
obtained with atrial-based and ventricular-based pacing modes, and recent
meta-analysis has shown that atrial-based pacing was associated with a sig-
nificant reduction in the incidence of atrial fibrillation (AF) and a borderline
reduction in the risk of stroke, as compared with ventricular pacing [8–14].

Though many of the patients included in those studies [9, 12–14] were
elderly, only two were randomized prospective studies [10, 11] designed to
evaluate outcomes in different pacing modes in the elderly population. The
PASE study included patients over 65 years with SND and AVB, and the
UKPACE study included over 70 years with AVB. In the MOST trial [14] the
inclusion criterion was age > 21 years; however, about 75% of the patients
were > 67 years of age.

The PASE trial [10] compared clinical outcomes and quality of life during
18 months of follow-up in 407 patients > 65 years of age and with SND and
AVB. Participants were assigned to either the VVIR or DDDR pacing modes.
No significant differences were found in the rate of death from all causes,
stroke or death or hospitalization due to heart failure (HF), or AF rate
between VVIR and DDDR pacing modes groups. However, there were signifi-
cant differences in the entire group with respect to overall quality-of-life
measurements and health-related quality-of-life measurements favoring
DDDR pacing mode.

In the PASE trial, the quality-of-life improved to a greater extent in the
subgroup of patients with SND and DDDR pacing mode than in those with
VVIR mode, while no such a difference was observed for AVB patients
assigned to either pacing mode. The clinical outcome rates were not depen-
dent on type of pacing mode, either in SND patients or in patients with AVB.

In patients with SND, quality-of-life scores (physical role, social function,
and emotional function subscales) at 3 months were significantly better (p =
0.02, p = 0.03 and p = 0.002) for patients with atrial-based pacing than for
those with ventricular-based pacing. There were no differences between
VVIR and DDDR modes with respect to clinical outcomes, except for a bor-

332 Gulmira Kudaiberdieva, Bulent Gorenek



derline significance in the incidence of AF (p = 0.06), which was somewhat
less in the DDDR group (19 vs 28%). Further multivariate analysis of AF pre-
dictors in the PASE trial [15] showed that, after adjustment for baseline clini-
cal variables, randomization for VVIR pacing mode was a significant clinical
predictor of AF development along with hypertension and pre-implant
supraventricular tachycardia. The adjusted risk of AF development was 2.55
times higher (95% CI 1.23, 5.29, p = 0.01) in patients with VVIR pacing than
in those with DDDR pacing. However, the development of AF did not signifi-
cantly affect the risk of death from all causes, or death or stroke or hospital-
ization due to HF, and AF was not associated with a worsening of quality-of-
life scores or cardiovascular functional status.

In patients with AVB, there were no differences between VVIR and DDDR
pacing modes in deaths from all causes (15 vs 17%), stroke or death from any
cause, or hospitalization for HF and AF. There were also no differences in
quality-of-life scores for patients with AVB with and without AV-synchro-
nized pacing.

The incidence of pacemaker syndrome was 26% in patients with VVIR
pacing mode. Complication rates in the PASE trial [16] were 6.1%, with the
most frequent complications being pneumothorax (2%), ventricular lead dis-
lodgement (1.7%), cardiac perforation, atrial lead dislodgement (0.5%), and
subclavian vein thrombosis (0.5%). There were no significant clinical predic-
tors for the development of complications, including mode of pacing, except
for pneumothorax, which was associated significantly with age > 75 years,
lower weight, higher trend of occurrence in females, and with subclavian
approach. The length of hospital stay was dependent on the perioperative
complication rates.

The MOST trial [14] was designed to compare the outcomes in 2,010
patients with SND assigned to either VVIR or DDDR pacing modes during a
median 33.1 months of follow-up. There were no differences in primary out-
come, death, or nonfatal stroke between patients with respect to the two pac-
ing modes (DDDR -21.5% and VVIR -23%, p = 0.48), death, nonfatal stroke,
or hospitalization for HF. However, there was a significantly lower incidence
of AF in the DDDR group than in the VVIR group (21.4 vs 27.1%, HR-0.79,
95% CI 0.66–0.94, p = 0.008). After adjustment for clinical variables, includ-
ing history of myocardial infarction, diabetes, congestive HF, and supraven-
tricular tachycardia, multivariate analysis showed that the rate of reduction
of AF incidence with DDDR pacing mode increased (HR-0.77, 95% CI
0.64–0.92, p = 0.004). Multivariate analysis also demonstrated an association
of dual-chamber pacing with reduction of adjusted rate of hospitalizations
for HF (HR-0.73, 95% CI 0.56–0.95, p = 0.02) and a reduction in the inci-
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dence of combined clinical end-point (death, nonfatal stroke, or hospitaliza-
tion for HF; HR-0.85, 95% CI 0.72–1.0, p = 0.05).

Dual-chamber pacing was associated with better health-related quality-
of-life measurements (SF-36, Medical Outcomes Study 36-Item Short Form,
General Heart Survey): role physical (p < 0.0001), role emotional (p = 0.009),
and vitality (p = 0.002) during 4 years than obtained with ventricular pacing
[17].

Pacemaker syndrome developed in 18.3% of 996 patients with VVIR pac-
ing mode whose pacemaker modes were further reprogrammed for dual-
chamber pacing mode. Predictors of the development of pacemaker syn-
drome were a higher percentage of paced beats, higher programmed low
rate, and slower underlying spontaneous sinus rate [18]. As determined by
multivariate analysis, only a higher percentage of paced ventricular beats
was an independent predictor of pacemaker syndrome development (p =
0.0001). After switching to dual-chamber pacing, there was a significant
improvement in quality-of-life scores, which led the investigators to suggest
that the implantation of atrial leads in all patients may prevent pacemaker
syndrome development.

The 30-day post-implantation complications rate was 4.8%, with the most
frequent complications being atrial lead dislodgement (1.8%), pneumotho-
rax (1.5%), and problems with ventricular leads (1.1%).

The recently completed UKPACE trial [11] was devoted to the assessment
of the effects of single-chamber ventricular pacing (with and without rate
adaptation) vs dual-chamber pacing (with and without sensor rate adapta-
tion) on mortality, AF, HF, and composite stroke rates in elderly patients (>
70 years) with high-grade AVB. Among the 2,021 patients with high-grade
AVB, 1,009 patients received single-chamber pacemakers (504 patients +VVI
and 505 – VVIR) and 1,012 patients had dual-chamber pacemakers implant-
ed. There were no differences among the two pacing-mode groups with
respect to annual mortality rate (7.2% VVI pacing group vs 7.4% DDD pac-
ing group) and death due to cardiovascular causes (3.9 vs 4.5%, p = 0.07)
during 4.6 years of follow-up. Pacing mode did not affect the incidence of AF
(3.0 and 2.8%, p = 0.74, for VVI and DDD pacing groups), HF (3.2 vs 3.3%, p
= .80, for VVI vs DDD pacing groups), combined stroke outcome (stroke,
transient ischemic attack, thromboembolism; 2.1 vs 1.7%, p = 0.20), or event
rates for coronary artery disease and myocardial infarction.

However, in the group of patients that received VVI pacing without rate
adaptation (subgroup of 505 patients), the annual event rate of combined
stroke was significantly higher than in the DDD group (2.5 vs 1.7%, p =
0.04). In addition, the 3-year event-free survival for combined stroke was
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1.58 (CI 1.03–2.42, p = 0.04) times lower for fixed-rate VVI pacing than in the
DDD group. Event rates in the VVIR pacing group were similar to that of the
DDD pacing group.

Procedural complication rates (7.8 vs 3.5%, p < 0.001), therapeutic inter-
vention rate (8.8 vs 5.6%), and need for re-operation (4.2 vs 2.5%, p = 0.04)
were higher for DDD pacing mode than for VVI pacing mode. The pacemak-
er syndrome rates have not yet been reported for the UKPACE trial.

Conclusions

Selection of the pacing mode in elderly patients should be based on an indi-
vidual approach that takes into consideration the patient’s quality of life,
potential clinical outcome, and the complication rates of the procedure.

In elderly patients with SND, the primary outcomes, i.e., mortality and
stroke rate, did not differ between patients with ventricular- and atrial-based
pacing modes. However, dual-chamber pacing may be preferred to ventricu-
lar-based pacing because of greater improvement in the quality of life and
the lower number of hospitalizations for HF and AF, although the latter does
not ultimately worsen the quality of life or other clinical outcomes.

In patients with AVB, there were no differences in the incidence of death,
stroke, HF, and AF between patients with dual-chamber pacing and those
with ventricular single-chamber pacing modes. The differences in combined
stroke, transient ischemic attack, and thromboembolism resulting from
fixed-rate VVI pacing vs DDD pacing may recommend rate-adaptive ventric-
ular-based pacing if single-chamber ventricular pacing is decided upon.

Another important factor that may affect the choice of an appropriate
pacemaker is the high incidence (18.3–26%) of pacemaker syndrome due to
loss of atrioventricular synchrony in elderly patients with single-chamber
ventricular-based pacing. However, it is difficult to predict which patients
will develop pacemaker syndrome, since the only independent predictor of
this complication was the number of paced ventricular beats. This finding
may favor the implantation of dual-chamber pacemakers [18].

Patients of advanced age are also prone to increased periprocedural and
implantation complication rates (4.8–6.1%). In selecting the mode of pacing
in elderly patients, the clinician should keep in mind that DDD pacemaker
implantation is associated with a higher rate of complications, atrial leads
dislodgement, and problems with ventricular leads, all of which necessitate
careful monitoring during both the implant procedure and follow-up. Older
(> 75 years) and sicker patients should be observed closely for the risk of
developing pneumothorax.
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In elderly patients, the absence of a clear benefit in primary outcome
rates for DDD pacing vs VVI pacing modes may be explained in part by the
fact that the advantage of AV synchrony provided by dual-chamber pace-
makers could be masked by ventricular dyssynchrony resulted from right
ventricular apical pacing. Recent results of the MOST trial [19–21] revealed
that the incidence of HF in DDD pacing was closely related to the percentage
of ventricular paced beats. The increased hospitalization rate for HF in
patients with wide-paced QRS complex reported by the MOST trial also sug-
gests a contribution of ventricular dyssynchrony. Further studies with opti-
mal pacing sites and advanced modes are needed to find a solution for the
undesirable consequences of right ventricular pacing and ventricular dys-
synchrony in elderly patients.
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Update on ACC/ESC Criteria for Acute ST Elevation Myocardial
Infarction

PETER W. MACFARLANE

Introduction

In 2000, the European Society of Cardiology and the American College of
Cardiology jointly published [1] guidelines defining myocardial infarction.
The definition was based partly on the availability of new biomarkers to
assist in detecting myocardial damage. As part of their report, the criteria for
acute ST elevation myocardial infarction were established. These provided
thresholds for abnormal ST elevation in the 12-lead ECG. Table 1 summarises
these criteria.

Medical Sciences, University of Glasgow, Scotland, UK

Table 1. ESC criteria for ECG changes indicative of myocardial ischemia that may
progress to myocardial infarction

Patients with ST elevation New or presumed new ST segment eleva-
tion at the J point in two or more contigu-
ous leads with the cut-off points ≥ 0.2 mV 
in leads V1, V2 or V3 and ≥ 0.1 mV in 
other leads. Contiguity in the frontal 
plane is defined by the lead sequence aVL,
I, inverted aVR, II, aVF, III.

Patients without ST segment elevation – ST segment depression
– T-wave abnormalities only 



Previous work in this laboratory had shown that the normal limits of ST
amplitude were both age- and sex-dependent [2]. In 2001, a summary of the
normal limits of ST junctional (STj) amplitude were published [3] in order to
highlight this age and sex dependency. More recently, a separate study was
undertaken in this laboratory to determine the upper limits of normal ST
elevation in additional chest leads V7–V9 and V3R–V6R. No previous infor-
mation on the normal limits in the former was available, although limited
data [4] on right-sided chest leads V4R–V6R did not allow any conclusions
to be drawn on the effect of age and gender.

The availability of all of this information has allowed us to further revise
the criteria for abnormal ST elevation. As a result, it is hoped that the various
cardiology authorities, such as the ESC/ACC/AHA, will acknowledge, in their
next revision of ECG criteria for acute myocardial infarction, the fact that
criteria should be age- and sex-dependent and that the current grouping [1]
of leads to which criteria are applied is not optimal.

This short paper summarises some of the work aimed at enhancing the
criteria for acute ST elevation myocardial infarction.

Methods

For the study of the conventional 12-lead ECG, apparently healthy volunteers
were recruited from local government as well as from a small number of
staff and students at the University of Glasgow. All were examined by a
physician and none had any illness that affected the cardiovascular system.

With respect to the study on additional chest leads, individuals were
recruited from staff and patients in Glasgow Royal Infirmary, all of whom
had a healthy cardiovascular system. The additional chest leads were record-
ed in the resting position, with V7–V9 placed at the level of V4–V6 but with
V7 at the posterior axillary line, V8 at the midscapular line and V9 at the
parasternal line [5]. Leads V3R–V6R were placed on the right side of the
chest in mirror image positions to V3–V6. All ECG measures were derived in
an automated fashion using the University of Glasgow ECG analysis program
[6]. The ST amplitude was defined as the amplitude at the junction of the
QRS complex and the ST segment in each individual lead.

With respect to the standard 12-lead ECG, the normal limits of ST ampli-
tude were used to obtain equations giving the age-dependent upper limit of
the normal amplitude within individual leads for males. It was readily deter-
mined that the upper limits of normal in females were not age-dependent,
although they were generally lower than in males. Therefore, revised upper
limits of normal were separately established for females.
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Results

The normal limits of ST amplitude in the 12 leads were derived from a
cohort of 1,388 individuals, 731 males and 590 females, ages 17 years and
over. Subjects were divided into four age ranges: 18–29, 30–39, 40–49 and 50
years and over. Further details are available elsewhere [3].

A separate group of 88 males, ages 42.2 ± 13.3 years, and 112 females,
ages 42.3 ± 13.3 years, was recruited to the study of additional chest leads.

The upper limit of normal ST in males was found to be age-dependent
and clearly lead-dependent, particularly in the precordial leads. Figure 1
illustrates the findings for V3. By contrast, the upper limits for females were
not age-related, as exemplified in Fig. 1, but they were lead-dependent. As a
result, there are unique upper limits of normal for each age and gender. As
an example, Table 2 shows the upper limits of normal STj in leads V1–V6 for
males and females ages 40–49 years.

Age-related equations were therefore derived for the upper limits of nor-
mal for males but constant values were selected for females. The goal was to
obtain a high specificity based on a 96% normal range. For example, the
upper limits of normal ST amplitude in V2 are given by the following equa-
tions:
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Fig. 1. The upper limits of normal ST amplitude for males and females in lead V3. The
dependence on age for males is evident as is the lack of age dependence in females
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Upper limit STj in V2 (male) = -5 × age (years) + 450 µV
Upper limit STj V2 (females) = 140 µV

The study of additional chest leads showed that there was no age and
gender difference except in V3R, where the upper limit of normal was 75 µV
in males and 50 µV in females. Otherwise, 50 µV was found to be the upper
limit of normal in all other additional chest leads for males and females.

Discussion

In short, the upper limits of normal ST amplitude are lead-dependent as well
as age- and sex-dependent. It can be seen from Table 2 that it is completely
incorrect to group V1 together with V2 and V3, as was the case with the ini-
tial ESC/ACC publication [1] containing the criteria listed in Table 1. This
author strongly recommends that V1 be grouped with other chest and limb
leads and not with V2 and V3.

With respect to age dependence and gender, leads V2 and V3 again illus-
trate very clearly how the upper limit of normal in males is very much greater
than in females. This author suggests that the upper limit of normal in these
leads should be 0.15 mV for females but 0.2 mV in males ≥ 40 years of age
and indeed above 0.25 mV for males < 40 years of age. To facilitate the appli-
cation of these criteria, it is suggested that 0.1 mV be regarded as the upper
limit of normal in all other leads. However, for automated ECG interpretation,
much more complex criteria are employed in the author’s laboratory.

While this article has concentrated on ST elevation, the lower limits of
normal ST junction can be regarded as -0.05 mV in V2 and V3 and -0.1 mV
in the other leads. These criteria should be applied in conjunction with a
horizontal or downward-sloping ST segment. There is no doubt that lesser
degrees of ST depression will give an abnormal appearance to the ECG but,
for the sake of specificity in dealing with acute ischemic changes, the forego-
ing thresholds are suggested.
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Table 2. Upper-normal limits of ST amplitude V1–V6 for males and females ages 40–49
years. All data are in mV. Note how V1 is more aligned with V4–V6 than V2, V3, and that
particularly for V2–V4 the limits for males are effectively double those for females.

V1 V2 V3 V4 V5 V6

Males 0.11 0.27 0.22 0.13 0.09 0.07

Females 0.08 0.14 0.10 0.07 0.06 0.06



Other work in this laboratory has shown that the revised criteria, when
applied to a group of individuals with chest pain as well as to normal con-
trols, resulted in improved sensitivity and indeed specificity in the diagnosis
of acute ST elevation myocardial infarction [7].

The AHA is expected to issue guidelines in late 2007 on setting criteria
for the diagnosis of acute ST change, and it is hoped that the above sugges-
tions will be incorporated. Similarly, updated guidelines from an interna-
tional group supported by the ESC and ACC will be issued late this year, and
it is expected that there will be some revision to the previously reported cri-
teria of 2000.

In conclusion, there is no question that the criteria for abnormal ST ele-
vation should be age- and sex-dependent. Moreover, further revision of the
lead dependency of criteria is merited when these are compared to the sug-
gested criteria published in 2000 by the ESC/ACC [1]. It is expected that the
revised guidelines to be published in the near future will make use, at least in
part, of the suggestions outlined here.
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ECG-MRI based Localization of Myocardial Infarction

HENRIK ENGBLOM, OLLE PAHLM

Introduction

Magnetic resonance imaging (MRI) has emerged in the last decade as an
important method for characterizing various aspects of cardiac anatomy,
patho-anatomy, pathophysiology, and function. Measurements of flow para-
meters, left ventricular function, and grade of valvular regurgitation have
been validated and proved to serve as excellent gold standards compared to
simpler, established techniques, such as echocardiography, thermodilution
measurements, and electrocardiography [1].

Introduction of the delayed contrast-enhanced MRI (DE-MRI) technique
for visualization of myocardial necrosis and scar has made MRI the method
of choice for myocardial infarct quantification in vivo [2]. Based on patterns
of hyperenhancement, DE-MRI has proved useful for predicting functional
recovery in patient with acute myocardial infarction [3, 4] and in patients
suffering from ischemic heart disease who have undergone elective revascu-
larization therapy [5].

In electrocardiography, the conventional 12-lead electrocardiogram
(ECG) is still the dominating mode of registration, though it has at times
been challenged by vectorcardiography and other lead systems with alterna-
tive electrode placement. Some of these systems employ fewer electrodes,
while other employ several more electrodes than the 10 that are required for
the 12-lead ECG [6].
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DE-MRI for Infarct Quantification

Pathophysiological Basis and Principles

When a coronary artery is occluded, the myocardium supplied by the
occluded vessel is subject to ischemia, in the absence of extensive collateral
circulation. What determines the reversibility of the impending injury is the
duration and severity of the ischemia. If the ischemia is severe enough and
its duration long enough to cause rupture of myocyte cell membranes, the
myocardium becomes irreversibly injured, or infarcted. The loss of cell
membrane integrity provides a useful indicator when acute myocardial
infarction is visualized by DE-MRI.

Acquisition of DE-MR images is preceded by the intravenous injection of
a gadolinium-based extracellular contrast agent. This agent distributes into
the extracellular space of the myocardium. Since a myocyte with ruptured
cell membrane is unable to prevent the extracellular contrast agent from
entering its interior, the distribution volume for the contrast agent is
increased in necrotic myocardium compared to viable myocardium [7, 8].
During the infarct-healing process, the acutely necrotic myocardium is
replaced by fibrous scar tissue, which also has a larger distribution volume
than viable myocardium. Thus, old myocardial infarction can also be visual-
ized and quantified using DE-MRI [9]. Different wash-in/wash-out profiles
have also been proposed to explain part of the difference in the amount of
contrast agent present in infarcted vs viable myocardium [7, 10]. The differ-
ence in gadolinium concentration between areas with different distribution
volumes enables distinction between viable and non-viable myocardium.

Validation Experiments

The hyperenhanced myocardium has been shown in animal models to close-
ly resemble regions of infarction as assessed with triphenyltetrazolium chlo-
ride (TTC) [11, 12].

In order to correctly delineate the region of infarction, it is important to
consider the so-called partial volume effects that arise in the infarct borders
[12, 13]. The spatial resolution of a typical clinically acquired short-axis
image of the heart is 1.5 x 1.5 x 8 mm. Thus, the thickness of each image slice
is 8 mm. Within each slice, the infarct pattern might vary, especially at the
infarct border; thus, a partial volume effect might cause an overestimation of
the actual infarct size [14]. In a study including computer phantom experi-
ments, animal experiments and validation in patients with acute and chronic
ischemic heart disease, Heiberg et al. [13] showed that this problem can be
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overcome using a computer algorithm developed to compensate for partial
volume effects. The need for a common standard in the quantification of
infarcted myocardium has recently been addressed [15].

Presence of Q Waves Indicates Large Extent Rather than Transmurality 

The DE-MRI technique has also been used to explore the pathologic basis of
infarct-related QRS changes. Several studies have shown that Q wave
myocardial infarction should not be equated with transmural infarction,
using DE-MRI as reference method for infarct transmurality [16–18].
Furthermore, the endocardial extent of infarction has been shown to be
more predictive of infarct-related Q waves than is infarct transmurality [19].
This is illustrated in Fig. 1a, b. Figure 1c demonstrates that myocardial
infarction limited to the lateral left ventricular wall does not generate patho-
logical Q waves but rather prominent R waves and small S waves in lead sV1
and V2.

Recent Initiatives Regarding ECG Designation of Cardiac Walls

Recently, a group of international experts published a consensus document
proposing a new terminology for left ventricular walls and the location of
myocardial infarcts based on the 12-lead ECG (Fig. 2) [20]. This work
became possible through the study of multiple patients who had undergone
ECG and MRI studies that were performed in close temporal proximity. The
focus of the consensus group’s work was to adapt the ECG nomenclature to
the established 17-segment model of the left ventricular myocardium agreed
upon in 2002 by experts on various modalities for tomographic imaging of
the heart [21].

Validation of Infarct-Size Measures Based on the 12-Lead ECG 

Based on the description of the human myocardial activation published by
Durrer et al. [22], Selvester and co-workers designed a computer simulation
of the human activation sequence. Using this computer model they obtained
different patterns of QRS changes on a fictitious torso surface by simulating
infarcts of different sizes at various locations in the left ventricle. The results
from the computer simulations were used to develop the Selvester QRS scor-
ing system. However, in order to assess its diagnostic ability, the system had
to be validated in humans. The scoring system was systematically evaluated
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in human postmortem histopathology studies of single infarcts located in

the anterior [23], inferior [24], and posterolateral [25] parts of the left ven-

tricular wall.

More recently, the Selvester QRS scoring system was evaluated using DE-

MRI as the reference method for infarct size. In a study of patients suffering

from chronic ischemic heart disease accompanied by old myocardial infarc-
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Fig. 1a–c. Three cases illustrating the importance of considering not only Q waves for
myocardial infarction (MI) detection and quantification by electrocardiography (ECG).
a Small transmural, non-Q wave MI in the inferior left ventricular (LV) wall. b Non-
transmural, Q wave MI in the inferior LV wall. c Transmural, non-Q wave MI in the pos-
terolateral LV wall. This patient had prominent R waves and small S waves in V1 and V2,
suggestive of posterolateral MI. Magnetic resonance (MR) imaging was aborted before
long-axis images were acquired. Arrows indicate either MI by delayed contrast-
enhanced (DE)-MRI or QRS changes generating QRS points. 2ch, Two chamber long-
axis view. (From [18], with permission)

a b c



ECG-MRI based Localization of Myocardial Infarction

tion in the anterior left ventricular wall, the Selvester QRS scoring system
significantly underestimated the amount of infarction at the left ventricular
apex [26]. In patients with reperfused first-time myocardial infarction, the
scoring system was shown to correlate strongly with infarct size assessed by
DE-MRI [18].
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Fig. 2. The ECG patterns of Q wave MI or Q wave equivalents with the names given to MI
and related infarction area documented by cardiovascular MR imaging. (From [20],
with permission)  



Since MRI is not associated with ionizing radiation, this imaging modali-
ty is feasible for serial follow-up examination. Recently, DE-MRI was used to
explore the pathologic correlate to resorption of infarct-related QRS changes
by following patients with first-time myocardial infarction after primary
percutaneous coronary intervention [4].

MRI as the Gold Standard for Refining Diagnostic ECG Criteria

Several databases are being developed that contain 12-lead ECGs and MRI
studies carried out within minutes or hours of each other. These databases
will allow elaboration of enhanced diagnostic ECG criteria for implementa-
tion in digital interpretation programs or for manual application by physi-
cians responsible for the care of patients with suspected heart disease.
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Electrocardiographic Predictors of Arrhythmias In CCU Patients

AFSHIN PARSPOUR, ALPARSLAN BIRDANE, BULENT GORENEK

Introduction

Patients hospitalized in the coronary care unit (CCU) are vulnerable to many
kinds of arrhythmias, including ventricular and supraventricular arrhyth-
mias, especially in the setting of acute coronary syndrome. Some of these
arrhythmias can be predicted electrocardiographically. This chapter discuss-
es the arrhythmias commonly afflicting CCU patients and their electrocar-
diographic predictors.

Ventricular Arrythmias

Death from a ventricular tachyarrhythmia in the setting of an acute myocar-
dial infarction (MI) has historically been one of the most frequent causes of
sudden cardiac death [1, 2]. In a 1985 report, for example, 60% of deaths
associated with acute MI occurred within the first hour after the event and
were attributable to a ventricular arrhythmia, in particular ventricular fibril-
lation (VF) [3]. Subsequent improvements in arrhythmia detection and
treatment have had a major impact on the outcome of ventricular arrhyth-
mias associated with acute MI. As a result, arrhythmic and overall in-hospi-
tal mortalities have fallen significantly [4, 5]. Ventricular arrhythmias, rang-
ing from isolated ventricular premature beats to ventricular fibrillation, are
common in the immediate post-infarction period. Observations in the
prethrombolytic era led to the identification of several types of ventricular
arrhythmias [6, 7]:
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• Ventricular premature beats (VPBs), which are typically asymptomatic,
are common after acute MI and their reported incidence is as high as
93% [6]. Early VPBs do not predict short-or long-term mortality, but fre-
quent and/or multiform VPBs that persist more than 48–72 h after an MI
may be associated with an increased long-term risk of arrhythmia [6].

• Ventricular tachycardia (VT) can be further classified as nonsustained or
sustained.
– Nonsustained VT (NSVT) terminates spontaneously in less than 30 s.

The incidence of NSVT is 1–7% [7, 8]. In the first 24–48 h after an
infarction, NSVT is usually due to abnormal automaticity or to trig-
gered activity in the region of ischemia or infarction. NSVT that
occurs later is more often due to reentry. Thus, the probable mecha-
nism and prognostic significance of NSVT depend upon the time at
which it occurs [8].

– Sustained VT is defined as three or more consecutive beats originat-
ing below the atrioventricular node, with a heart rate greater than 100
or 120 beats/min. There is some disagreement as to whether 100 or
120 beats/min represents the upper limit for an accelerated idioven-
tricular rhythm. VT is considered sustained if it lasts more than 30 s
or if it causes instability that requires termination (e.g., cardiover-
sion) within 30 s [9]. Sustained monomorphic VT (SMVT) in the peri-
infarction period (i.e., within the first 48 h after the infarct) occurs in
approximately 2–3% of patients with an ST-elevation MI [9, 10] and in
less than 1% of patients with a non-ST elevation MI or unstable angi-
na [9]. SMVT is associated with larger MIs [10]. The factors responsi-
ble for SMVT differ in the very early (30 min) and later (6–48 h) phas-
es of the early post-MI period.

• Accelerated idioventricular rhythm occurs in up to 50% of patients with
acute MI. Some studies have suggested an association with reperfusion
following thrombolytic therapy [11].

• Ventricular fibrillation is the most frequent mechanism of sudden car-
diac death. It is a rapid, disorganized ventricular arrhythmia, resulting in
non-uniform ventricular contraction, no cardiac output, and no record-
able blood pressure. The electrocardiogram (ECG) in VF shows rapid
(300–400 beats/min), irregular, shapeless QRST undulations of variable
amplitude, morphology, and interval. Over time, these wave forms
decrease in amplitude until, ultimately, asystole occurs. VF is often fur-
ther classified as primary or non-primary. Primary VF occurs early after
MI (usually < 48 h) and is not associated with recurrent ischemia or
heart failure. This category comprises patients who experience VF despite

356 Afshin Parspour, Alparslan Birdane, Bulent Gorenek



a relatively uncomplicated MI (i.e., as a primary electrical event). Non-
primary VF refers to all other episodes. VF is more common in patients
with MIs that are complicated by heart failure or recurrent ischemia [12].
The incidence appears to be higher with ST elevation (Q wave) MI than
with non-ST elevation (non-Q wave) MI [9].

Several predictors of ventricular arrhythmias after MI have been identi-
fied:
• The clinical usefulness of measuring changes in the duration of the QT

interval in the standard 12-lead ECG is the focus of growing interest. Day
et al. [13] proposed using the QT dispersion (QTd) as an index of inho-
mogeneous myocardial repolarization. This measurement may provide a
prognostic tool in the detection of future ventricular tachyarrhythmic
events that may cause death [14].

• In a study by Kudaiberdieva et al. [15], reduced left ventricular ejection
fraction (LVEF) and late potentials (LPs) were used in post-MI risk strati-
fication. The authors noted that the QT clinical variability index (QTVI)
is a predictor of sudden death in patients with structural heart disease.
They showed that patients with both LPs and increased QTVI after MI
had a high likelihood of developing sustained arrhythmias. Consequently,
a simple bedside ECG recording with further analysis of LPs and the
QTVI may be the first step in a strategy to identify patients at risk for
arrhythmia after MI [15].

• Since the first report by Wolf et al. [16], in1978, on the association
between decreased heart rate variability (HRV) and increased mortality
after MI, numerous studies have used HRV, either alone or in combina-
tion with other variables, to establish post-infarction risk [17–19]. The
predictive value of HRV was found to be independent of other factors,
such as depressed LVEF, increased ventricular ectopic activity, and pres-
ence of LPs [20]. For prediction of all-cause mortality, the value of HRV is
similar to that of LVEF, but in predicting arrhythmic events (sudden car-
diac death and ventricular tachycardia) HRV is superior [20].

• T-wave or repolarization alternans (TWA) refers to variability in the tim-
ing or morphology of repolarization occurring in alternate beats on the
surface ECG [21]. TWA is indicative of repolarization heterogeneity,
which increases susceptibility to ventricular tachyarrhythmias [22]. The
presence of TWA has high sensitivity and specificity for predicting
inducible ventricular arrhythmias on electrophysiologic study (EPS). The
value of TWA vs LPs on signal-averaged ECG (SAECG) in predicting clin-
ical events was evaluated in a prospective study of 102 patients with a
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recent MI; 49% had TWA and 21% had LPs [23]. After a follow-up of 15
months, the sensitivity and negative predictive value of TWA for predict-
ing arrhythmic events were 93 and 98%, respectively, while the positive
predictive value was 28%. When TWA and LPs were combined, the posi-
tive predictive value increased to 50%. Thus, TWA is a promising ECG-
detectable risk factor that indicates alternate-beat changes in the shape or
amplitude of the T wave and reflects repolarization dispersion [24]. In a
decade of contemporary clinical use [25], TWA has shown a negative pre-
dictive accuracy for sudden cardiac arrest above 90% in an accumulative
population of thousands of cardiomyopathy patients, both ischemic and
non-ischemic [26, 27]. Sanjav et al. showed that TWA is a promising ECG-
based index of sudden cardiac arrest and is linked with repolarization
dispersion as well as ventricular arrhythmias.

• Evidence for slowed conduction after MI, assessed indirectly by SAECG
[28], successfully predicted sudden cardiac arrest in the Multicenter
Unsustained Tachycardia Trial (MUSTT) [29]. Elevated sympathetic ner-
vous activity increases the dispersion of repolarization and, when detect-
ed by cardiac nuclear imaging [30], reduced HRV [31], or heart rate tur-
bulence [32], predicts events after MI. SAECG often demonstrates LPs in
patients with SMVT and ischemic heart disease [33–35]. The presence of
LPs on SAECG provides only indirect data that are suggestive, but not
diagnostic of SMVT. Although the SAECG has a role in predicting the risk
of SMVT in patients with ischemic heart disease, it is of limited use in the
evaluation of patients who have already experienced SMVT [36, 37]. The
Task Force of the American College of Cardiology published recommen-
dations for the use of SAECG [38]. Also, in a study by Haghjoo et al., the
importance of HRV, LVEF < 40%, and SAECG in predicting ventricular
arrhythmias in post-MI patients was noted [39].

• Heart-rate turbulence (HRT) consists of a fluctuation in the sinus rate
due to a ventricular premature beat [40]. HRV after ventricular prema-
ture beats was recently introduced as a noninvasive tool for arrhythmic
risk stratification after MI. The absence of HRT is abnormal and has been
associated with increased cardiac mortality [41, 42] and sudden cardiac
death in patients with prior MI [41].

• A short-long (S-L) cardiac cycle is another predictor of ventricular
arrhythmias in CCU patients. One or more S-L cardiac cycles, usually the
result of a ventricular bigeminal rhythm, frequently precedes the onset of
malignant ventricular tachyarrhythmias [43]. El Sharif et al. proposed
that electrophysiologic mechanisms underlie the relationship between
the S-L sequence and the onset of VT [44]. In a study by Gorenek et al.,
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the clinical and electrophysiological features of monomorphic ventricu-
lar tachycardia (MVT) with different initiation patterns were investigated
in patients with implantable cardioverter defibrillators. Non-sudden
onset MVT was shown to be characterized by shorter cycle length, higher
rate of different first-beat morphology, and the need for higher shock
energy to achieve termination. Sudden-onset MVT was precipitated by
shortening of the sinus cycle length before tachycardia [45].

Supraventricular Arrythmias

Supraventricular arrhythmias are relatively common in the peri-infarction
period and their occurrence often heralds significant myocardial dysfunc-
tion. In addition, they may, in themselves, cause congestive heart failure and
exacerbate ongoing myocardial ischemia [46].

Atrial Tachyarrhythmias

The overall incidence of atrial tachyarrhythmias in the peri-infarction peri-
od ranges from 6 to 20% and has not been altered by the use of thrombolyt-
ics [46–48]. These arrhythmias primarily occur within the first 72 h after
infarction; however, only 3% were found to occur in the very early (less than
3 h) phase [48].

Atrial Fibrillation

Atrial fibrillation is the most common atrial arrhythmia. Inhomogeneous
prolongations of sinus impulses may predict its recurrence [49]. The fre-
quency with which atrial fibrillation occurs and its prognostic significance
in the thrombolytic era were illustrated in the GUSTO-I and GUSTO-III tri-
als [46, 50].

Atrial arrhythmias after MI can be predicted by a variety of ECG-based
methods:
• P-wave dispersion (PWD) is a new electrocardiographic marker that

reflects discontinuous and inhomogeneous propagation of sinus impuls-
es, which in some cardiac conditions has been shown to be a useful pre-
dictor of paroxysmal atrial fibrillation (PAF) [51]. In a study by Dilaveris
et al. that drew on previous studies, individuals with a clinical history of
PAF had a P-wave of significantly increased duration in 12-lead surface
ECG and SAECG recordings. Accordingly, the authors suggested that
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PWD is a good predictor of PAF [52]. In another study, PWD was used to
predict atrial fibrillation after percutaneous coronary intervention [53].

• The spontaneous onset of atrial fibrillation can also be predicted by HRV.
This approach was used by Vikman and co-workers to evaluate the recur-
rence of atrial fibrillation after electrical cardioversion [54].

• SAECG of the P-wave is a useful predictor of idiopathic PAF among
patients without atrial enlargement, especially the elderly [55]. It may
also play a role in identifying patients at risk of developing PAF and those
likely to undergo a change from PAF to chronic atrial fibrillation [56].

• In a study by Gorenek and co-workers, atrial ectopic beats with a long-
short sequence were shown to be responsible for atrial-fibrillation relapse
in about 70% of patients, and thus might predict early re-initiation of
arrhythmia after electrical external cardioversion. This finding suggests
that the ECG, recorded immediately after the external cardioversion, is a
feasible approach in establishing patterns of atrial-fibrillation relapse and
may be useful in managing the recurrence of this condition [57].

Conclusions

Arrhythmias are important problems in CCU patients, especially those with
acute coronary syndrome and acute MI. In addition to the many clinical risk
factors that are predictive of these arrhythmias, such as LVEF, there are elec-
trocardiographic predictors, as discussed herein. Although all electrocardio-
graphic predictors are important, we recommend using a combination of
methods for a more accurate prediction of arrhythmia.
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The Routine ECG as a Marker of Sudden Cardiac Death

LUIGI DE AMBROGGI

Introduction

The incidence of sudden cardiac death (SCD) in industrialized countries is
around 1 per 1,000 inhabitants per year, thus representing a major public
health problem [1]. In the majority of cases, SCD occurs in the presence of
coronary artery disease, and in about 10% of cases it is associated with
arrhythmogenic cardiomyopathies or with primary electrical defect in the
absence of cardiac structural abnormalities.

The identification of subjects prone to malignant ventricular arrhythmias
and SCD is a difficult problem still unsolved. Different indices of vulnerabili-
ty to arrhythmias, based on electrocardiographic recordings or hemodynam-
ic data, have been studied but no marker has proved sufficiently sensitive in
predicting high risk. In the last decade, various methods of analysis of short
or long periods of electrocardiographic recordings have been proposed in
order to detect information not deducible by traditional analysis of the stan-
dard 12-lead ECG, such as body surface potential mapping, signal averaging
ECG, T wave alternans, heart-rate variability, and heart-rate turbulence.
Nevertheless, the routine ECG still plays an important role in identifying
subjects at risk for SCD. The ECG can reveal signs of heart diseases that are
potentially arrhythmogenic and generic markers of susceptibility to arrhyth-
mias.

The importance of the 12-lead ECG in the diagnosis of ischemic heart
disease and in hypertrophic and dilated cardiomyopathies is well-recog-
nized. This presentation focuses only on the diagnostic role of the ECG in
primary arrhythmogenic heart diseases. Particular attention is given to pri-
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mary electrical disorders that are not associated with structural heart dis-
ease. For such patients, no other imaging methods can provide relevant
information.

Arrhythmogenic Right Ventricular Cardiomyopathy

Arrhythmogenic right ventricular cardiomyopathy (ARVC) is a familial
heart-muscle disease characterized by atrophy of the right ventricular
myocardium with fibro-fatty replacement and by electric instability of the
right ventricle. These changes predispose such patients to malignant ventric-
ular arrhythmias and SCD [2, 3].

Several ECG features have been described in ARVC, but their sensitivity
and specificity are far from satisfactory. The most frequent are negative T
waves in lead V2–V3, and in the most severe forms in V4, V5; right ventricu-
lar conduction defect (QRS duration ≥ 110 ms in right precordial leads,
incomplete or complete right bundle branch block); epsilon wave (in the
most severe forms); prolonged PR interval; and the presence of premature
ventricular beats with left bundle branch block morphology. In most
patients, the ventricular tachycardia shows a left bundle branch block pat-
tern on 12-lead ECG.

The predictive value for life-threatening arrhythmias and SCD of each
abnormality is still not well established.

Ventricular Pre-excitation

Ventricular pre-excitation is due to the presence of an accessory atrioven-
tricular (AV) pathway, which can be located anywhere along the AV annuli
and constitutes the anatomic substrate of AV re-entry tachycardias (Wolff-
Parkinson-White syndrome). When the refractory period of the accessory
AV pathway is very short, the occurrence of atrial fibrillation can precipitate
ventricular fibrillation and SCD even in young healthy individuals.
Therefore, the electrocardiographic recognition of ventricular pre-excitation
is quite important for preventing SCD in athletes.

The typical electrocardiographic findings of ventricular pre-excitation
are a short P-Q interval and a delta wave. The approximate location of the
accessory pathway can be deduced by the delta wave and the QRS morpholo-
gy in the different leads. Actually, the pre-excited QRS complex represents a
fusion between activation of the ventricles over the normal AV conduction
system and the accessory AV pathway. In some subjects, accessory pathways
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may be incapable of continuous anterograde conduction, giving rise to an
intermittent pre-excitation. Such patients are at low risk for sudden death
caused by rapid pre-excited ventricular rates, as can occur during atrial fib-
rillation [4].

Primary Electrical Heart Diseases

Long QT Syndrome

The long QT syndrome (LQTS) is a familial disease characterized by an
abnormally prolonged QT interval and life-threatening ventricular arrhyth-
mias. Different genes encoding subunits of cardiac ion channels have been
associated with LQTS. The most frequent subtypes are LQT1 and LQT2,
which involve two genes (KCNQ1 and ERG) encoding major potassium cur-
rents (IKs and IKr), and LQT3, which involves SCN5A, the gene encoding the
sodium current.

The diagnosis of LQTS is obviously based on prolongation of the QT
interval. A value of QTc > 450-460 ms in the absence of drug or electrolyte
abnormality is suggestive of the diagnosis. However, it is well known that the
absence of a prolonged QT does not exclude the possibility that the subject
may be genetically affected [5].

Characteristic features of the ECG in the three forms, LQT1, LQT2, and
LQT3, have been described [6]. LQT1 is usually associated with the presence
of broad-based T waves, LQT2 is characterized by low-amplitude T waves,
and LQT3 shows late-peak T waves (long ST segment).

Priori et al. reported that all mutation carriers with a QTc > 500 ms are at
high risk for syncope and SCD [5]. It was recently reported that the overall
risk in 200 LQTS family members increased nearly exponentially by QTc
interval deciles, i.e., the longer the QTc the greater the risk for cardiac events
[7].

In some individuals, macroscopic T wave alternans have been observed
on routine ECG, suggesting severe electrical instability [8], but this finding is
exceptional.

Catecholaminergic Polymorphic Ventricular Tachycardia

This condition usually manifests in children older than 10 years in the form
of exercise- or emotion-induced palpitations or syncope. CPVT is character-
ized by adrenergically induced polymorphic ventricular tachycardia in the
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absence of structural cardiac abnormalities. The genetic defect consists of
overactivity of the ryanodine receptor gene (RYR2), which regulates calcium
exchange [9]. Other genes, such as calsequestrin 2, may also be involved.

The electrocardiographic pattern during tachycardia typically shows a bi-
directional pattern of the QRS complex that can be reproduced by exercise
or isoproterenol infusion. Unfortunately, the ECG at rest is usually normal.

Brugada Syndrome

Brugada syndrome (BS) is characterized by ST-segment elevation in the
right precordial leads and a high incidence of SCD in patients with a struc-
turally normal heart. BS is estimated to be responsible for about 4% of all
SCDs and at least 20% of SCDs in patients with structurally normal hearts.
Since the ECG pattern can be dynamic and is often concealed, it is difficult to
evaluate the true prevalence of the disease in the general population, which
should be approximately 5–10 per 10,000 inhabitants [10].

In BS, three ECG patterns of ventricular repolarization in the right pre-
cordial leads are recognized, and they are often associated with a QRS hav-
ing incomplete or complete right bundle branch block morphology. Only
type 1 is considered definitely diagnostic of BS; this type is characterized by
a coved ST-segment elevation ≥ 0.2 mV followed by a negative T wave in
leads V1–V3. In types 2 and 3, the ST-segment elevation has a saddleback
aspect. These types are considered suspicious but not diagnostic of BS.
Moreover, all three patterns can be observed in serial ECG tracings in the
same patient.

Placement of the right precordial leads in a superior position (2nd, 3rd
intercostal space) can increase the sensitivity of the ECG for detecting the
typical aspects of BS.

The diagnosis of BS is considered positive when a type 2 or type 3 ST-
segment elevation observed in more than one right precordial lead under
baseline conditions converts to a type 1 pattern following the administration
of a sodium-channel blocker.

The ECG manifestations of BS, when concealed, can be unmasked in par-
ticular situations, such as febrile state or increase vagal tone or, as noted
above, by administration of sodium-channel blockers (flecainide, ajmaline,
procainamide).

Approximately 20% of patients with BS develop supraventricular
arrhythmias, mainly atrial fibrillation.
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Short QT Syndrome

The association between a familiar history of SCD and short QT interval has
only recently been recognized [11]. Subsequently, short QT syndrome (SQTS)
was found to be related to various genetic disorders [12–14]. Up to now, the
published data have included only a limited number of patients and little is
known about the clinical presentation of SQTS [15].

The ECG obviously provides the main diagnostic clue, i.e., a short QTc
value (ranging from 250 to 340 ms). Although it would be reasonable to sup-
pose that a shorter QT interval could predispose to a higher risk of ventricu-
lar arrhythmias, at multivariate analysis the QTc value was not found to be a
significant risk factor for cardiac arrest [15], probably due to the small num-
ber of patients studied.

Electrocardiographic Markers of Vulnerability to Arrhythmias

Many investigations have focused on the key role played by ventricular repo-
lar izat ion abnormalit ies in the genesis of cardiac arrhy thmias.
Schematically, vulnerability to arrhythmias can arise from two conditions of
the repolarization process: (1) a state of heterogeneity of repolarization, i.e.,
a greater than normal dispersion of recovery times, and (2) a dynamic (beat
to beat) variation of the repolarization sequence. This last condition can sel-
dom be detected by visual inspection of a routine ECG, because the beat to
beat variations are usually very subtle (in the order of microvolts); rather,
sophisticated computerized analyses of multiple beats of an ECG tracing are
required (analysis of T wave alternans, RR/QT relation variations). However,
repolarization heterogeneity can be detected by analyzing even a single beat,
using the 12-lead ECG. In recent years, various methods to quantify this con-
dition from the standard 12-lead ECG have been proposed.

QT Interval

Ventricular repolarization was traditionally quantified by measuring the QT
interval on the 12-lead ECG and correcting for the heart rate using the Bazett
formula.

General population studies have shown that a QTc > 440 ms doubles the
SCD risk. In particular, the QT duration has been found to predict all-cause
and cardiovascular mortality in subjects at high cardiovascular risk, such as
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those with previous myocardial infarction [16] and arterial hypertension
[17]. As mentioned above, in congenital LQTS, the QTc duration showed a
positive significant correlation with SCD risk [7].

QT Dispersion

The measurement of 12-lead QT-interval dispersion was at one time widely
used as an index of repolarization heterogeneity, mainly because of its sim-
plicity, but this approach has several limitations. The major limitation is that
this measure cannot be related to the “true” spatial heterogeneity of repolar-
ization, since each surface lead is influenced by the electrical activity of the
entire heart. Moreover, there are other well-known methodological limita-
tions (e.g., accuracy of measurements, inter-/intra-observer variability, num-
ber of leads used) that can partly explain the controversial results reported
in the literature [18]. In summary, whereas initial results of small retrospec-
tive studies seemed to prove the predictive value of QTd as a risk stratifier,
more recent prospective trials have not confirmed these data [19, 20].
Actually, QTd represents only a gross estimate of repolarization abnormali-
ties and inconsistently shows a positive correlation with arrhythmic risk.

In order to identify more reliable ECG predictive markers, principal-
component analysis of ST-T waves and a set of new descriptors of the 12-
lead T wave morphology have been proposed. These measure the spatial and
temporal variations of T-wave morphology, the difference in the mean wave-
front direction between ventricular depolarization and repolarization, and
the non-dipolar component of repolarization [21–25]. The advantage of
these variables is that they are not critically dependent on time-domain
measurements (for instance, identification of the end of the T wave) and
show good reproducibility. Nevertheless, they cannot be deduced directly by
visual analysis of the ECG, but instead require appropriate computer analy-
sis. For these reasons, they have remained substantially confined to the clini-
cal research setting.

References

1. Priori SG, Aliot E, Blomstrom-Lundqvist C et al (2001) Task force on sudden car-
diac death of the European Society of Cardiology. Eur Heart J 22:1374–1450 

2. McKenna WJ, Thiene G, Nava A et al (1994) Diagnosis of arrhythmogenic right
ventricular dysplasia/cardiomyopathy. Br Heart J 71:215–218

3. Corrado D, Basso C, Thiene G et al (1997) Spectrum of clinico-pathologic manife-
stations of arrhythmogenic right ventricular cardiomyopathy/dysplasia: a multi-
center study. J Am Coll Cardiol 30:1512–1520

370 Luigi De Ambroggi



4. Klein GJ, Gulamhusein SS (1983) Intermittent pre-excitation in the Wolff-
Parkinson-White syndrome. Am J Cardiol 52:292–296 

5. Priori SG, Schwartz PJ, Napolitani C et al (2003) Risk stratification in the long QT
syndrome. N Engl J Med 348:1866–1874 

6. Moss AJ, Zareba W, Benhorin J et al ( 1995) ECG T-wave patterns in genetically
distinct forms of the hereditary long QT syndrome. Circulation 92:2929–2934

7. Monnig G, Eckardt L, Wedekind H et al (2006) Electrocardiographic risk stratifica-
tion in families with congenital long QT syndrome. Eur Heart J 27:2074–2080

8. Schwartz PJ, Malliani A (1975) Electrical alternation of the T wave: clinical and
experimental evidence of its relationship with the sympathetic nervous system and
with the long QT syndrome. Am Heart J 89:45–50

9. Priori SG, Napolitano C, Memmi M et al (2002) Clinical and molecular characteri-
zation of patients with catecholaminergic polymorphic ventricular tachycardia.
Circulation 106:69–74

10. Antzelevitch C, Brugada P, Borggrefe M et al (2005) Brugada syndrome: report of
the second consensus conference. Circulation 111:659–670

11. Gaita F, Giustetto C, Wolpert C et al (2003) Short QT syndrome. A familial cause of
sudden death. Circulation 108:965–970

12. Brugada R, Hong K, DumaineR et al (2004) Sudden death associated with short QT
syndrome linked to mutation in HERG. Circulation 109:30–35

13. Bellocq C, van Ginneken AC, BezzinaCR et al (2004) Mutation in the KCNQ1 gene
leading to the short QT interval syndrome. Circulation 109:2394–2397

14. Priori GS, Pandit SV, Rivolta I et al (2005) A novel form of short QT syndrome
(SQT3) is caused by mutation in the KCNJ2 gene. Circ Res 96:800–807

15. Giustetto C, Di Monte F, Wolpert C et al (2006) Short QT syndrome: clinical fin-
dings and diagnostic-therapeutic implications. Eur Heart J 27:2440–2447

16. Locati E, Schwartz PJ (1987) Prognostic value of QT interval prolongation in post
myocardial infarction patients. Eur Heart J 8(Suppl A):121–126

17. Schillaci G, Pirro M, Ronti T et al (2006) Prognostic impact of prolonged ventricu-
lar repolarization in hypertension. Arch Intern Med 166:909–913

18. Malik M (2000) QT dispersion: time for an obituary? Eur Heart J 21:955–957
19. Zabel M, Klingenheben T, Franz MR, Hohnloser S (1998) Assessment of QT disper-

sion for prediction of mortality or arrhythmic events after myocardial infarction.
Results of a prospective, long-term follow-up study. Circulation 97:2543–2550

20. Brendorp B, Elming H, Jun L et al (2001) QT dispersion has no prognostic informa-
tion for patients with advanced congestive heart failure and reduced left ventricu-
lar systolic function. Circulation 103:831–835

21. De Ambroggi L, Aimè E, Ceriotti C et al (1997) Mapping of ventricular repolariza-
tion potentials in patients with arrhythmogenic right ventricular dysplasia.
Principal component analysis of the ST-T waves. Circulation 96:4314–4318

22. Okin PM, Devereux RB, Fabsitz RR et al (2002) Principal component analysis of the
T wave and prediction of cardiovascular mortality in American Indians. The
Strong Heart Study. Circulation 105:714–719

23. Zabel M, Acar B, Klingenheben T et al (2000) Analysis of T wave morphology for
risk stratification after myocardial infarction. Circulation 102:1252–1257

24. Kardys I, Kors JA, van der Meer IM et al (2003) Spatial QRS-T angle predicts car-
diac death in a general population. Eur Heart J 24:1357–1364

25. Zabel M, Malik M, Hnatkova K et al (2002) Analysis of T wave morphology from
the 12-lead electrocardiogram for prediction of long-term prognosis in male US
veterans. Circulation 105:1066–1070

371The Routine ECG as a Marker of Sudden Cardiac Death



International Guidelines on Acute Coronary Syndrome:
Practical Application and Current News in Cardiology

GIACOMO CHIARANDÀ, GIUSEPPA STRANO, ANGELA LAZZARO, MARTA CHIARANDÀ

Introduction

For the last few years, the main scientific international societies have enacted
guidelines regarding the treatment of acute coronary syndrome (ACS), with
the aim of promoting the best diagnostic and therapeutic methods in cardi-
ology. These guidelines have been frequently revised according to scientific
evidence of randomized clinical studies [1, 2]. Among other issues, they have
addressed the use of glycoprotein IIb/IIIa inhibitors, low-molecular-weight
heparin, the prescription of clopidogrel, and criteria for the selection of
patients for very aggressive or less aggressive early treatment.

Risk Stratification

Risk stratification is made up of a simple score [3, 4], such as the thromboly-
sis in myocardial infarction (TIMI) risk score or that of the European Society
of Cardiology (ESC). Determination of risk is very important because it
increases the advantages of very aggressive and expensive therapy in high-
risk patient groups.

The TACTICS-TIMI 18 Study demonstrated an absolute reduction of risk
(death, infarction, etc.) increases with increasing calculated individual risk
(actual number of patients needed to be treated with interventionist therapy
or glycoprotein IIb/IIIa inhibitors to save one life increases from 100 for TRS
0-2, to 25 for TRS 3-4, to 9 for high-risk patients with TRS 5-7) [5]. In addi-
tion, in patients with ACS with ST elevation (STE), Kent et al. showed the
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benefits of primary percutaneous transluminal coronary angioplasty (PTCA)
over thrombolysis in high-risk patients [6].

Role of Guidelines in Clinical Practice

While guidelines in clinical practice are important in therapeutic decision-
making, the use of a specific set of guidelines is limited. This is due to the
fact that developments in the treatment of ACS occur very rapidly, such that
the time needed to establish guidelines based on the consolidation of scien-
tific findings and then review and implement them in clinical practice may
soon make them obsolete [7].

Nonetheless, the main problem in daily clinical practice is a lack of
awareness of existing guidelines or the failure to adhere to them. The use of
guidelines in the clinical practice of Coronary Intensive Therapy Unit
(CITU) is the main objective of several medical professional societies. A few,
such as the ESC, have elaborated definite standards for the realization and
development of guidelines in order to increase their scientific credibility and
practitioners’ awareness of them.

Observational studies carried out by many researchers, such as in the
form of patient registers or surveys, ultimately means an improved daily
clinical reality and better large-scale clinical trials. These have provided
important data concerning the management of ACS and the therapeutic
implications of patient outcome, but also about adhesion or non-adhesion to
guidelines.

Registers

Information obtained from patient registers demonstrates the discrepancy
between current guidelines and actual clinical/therapeutic management of
ACS, in that an opposite relationship between a patient’s individual risk fac-
tor and the degree of therapeutic aggressiveness has been demonstrated.
Moreover, reports in the literature have shown that coronarography within
48 h of the beginning of symptoms is very important for correct manage-
ment of patients with cardiovascular risk in ACS and non-ST-elevation
(NSTE) [2–8].

In another recent study of patients at low risk and with TRS 0-2 who were
treated conservatively, outcome, as measured by survival, was 11.8% vs
12.8% with invasive therapy; while in high-risk patients with TRS 5-7 who
were treated conservatively, outcome was 30.6% vs 19.5% in patients treated
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with invasive therapy [5]. While the literature confirms that early and inva-
sive treatment is most effective in low-risk patients, this is often not applied
in clinical practice.

The CRUSADE study demonstrated that early coronarography in ACS
NSTE patients is frequently adopted in patients at low risk (young and few
comorbidities) as in those at high risk (elderly, diabetes, high TRS) [9–13].
The Italian register BLITZ-2 confirmed that a large number of ACS in
patients at high risk and with high TRS (female, diabetes, elderly) were sel-
dom treated with coronarography, primary PTCA, or glycoprotein IIb/IIIa
inhibitors [14]. Moreover, it also found that, in general, cardiologists do not
take into consideration risk stratification; rather, the selection of invasive vs
conservative treatment depends on the availability of equipment in the
department. An invasive approach was practiced in 76% of patients hospital-
ized in departments with a hemodynamic laboratory but only in 36% of
patients hospitalized in departments without one. Conservative treatment
was practiced in 64% of patients hospitalized in departments with a hemo-
dynamic laboratory. This study found that complications occurred in 2–3%
of patients at low risk who were treated with PTCA. The implications of this
value are adverse, because patients with low TRS 0-3 have a mortality of only
1–2% and ischemic complications occur in just 5% of patients after 30 days.

The Italian register ROSAI-2 (1,581 patients, 76 of CITU during 2002)
demonstrated that patients admitted to a hospital with a hemodynamic labo-
ratory were more often treated with invasive therapy (41 vs 19%; p < 0.001)
than patients admitted to a hospital without one. Coronarography was most
often used in patients at low risk: young (66 vs 77 years; p < 0.001), male (71
vs 65%; p < 0.01) and somewhat less frequently in patients with elevated ST
(44 vs 49%; p < 0.001) [15].

Thus, it is evident that the presence of a hemodynamic laboratory in a
hospital leads to a high number of invasive treatments in low-risk patient,
without an overall improvement in prognosis (therapeutic paradox).

Is Prognosis Dependent on Hospital Complexity or Adhesion to
Guidelines?

Several studies have found that the availability of a hemodynamic laboratory
does not improve ACS patient prognosis, while adhesion to guidelines does
positively influence survival. The American register CRUSADE found that
mortality in patients with ACS NSTE during hospitalization was 5.9% if adhe-
sion to guidelines was < 65%, 5.0 if 65–75%, 4.6 if 75–80%, and 3.6 if > 83%.
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Moreover, this register found that an adhesion to guidelines of 10% reduced
mortality by 11%, while the reduction in mortality during hospitalization for
acute myocardial infarction was 40% in hospitals that nearly completely
adhered to current guidelines [16, 17].

Drug Therapy

Poor adhesion to guidelines is also related to the use of drug therapy.
According to the French register PREVENIR, the use of statins, ASA, and
beta-blockers 6 months after admission is much greater in patients treated
with PTCA during recovery than in patients not treated with PTCA [18].

The CRUSADE register also found that highly qualified centers use PTCA
therapy, while poorly qualified ones often use anti-aggregating therapy com-
bined with an anticoagulant [aspirin (95 vs 82%), beta-blocker (89 vs 69%),
statins (81 vs 64%), clopidogrel (60 vs 36%)] [16]. In the BLITZ-2 register,
more patients treated with PTCA also received anti-aggregating/anticoagulant
therapy than patients treated with conservative drug therapy (60 vs 40%).

In the GRACE study, 30% of high-risk patients (elderly, diabetes, heart fail-
ure or aortocoronary bypass) were not treated with perfusion therapy [19].

The most up-to-date Canadian register (NRMI) consists of 200,000
patients with ACS STE myocardial infarction (MI) and NSTEMI (14.3 vs
12.5%). It was found that in this population, NSTEMI patients have a 20-40%
reduced probability of being treated with ASA, beta-blocker; ACE-I, or
statins than STEMI patients [20].

Optimal adhesion to guidelines, with subsequent improvement of thera-
pies and prognosis, is obtained with an increased number of guidelines as
well as feedback to researchers regarding their implementation, as demon-
strated by CHAMP [21].

The German registers MITRA/MIR found that continuous improvement
in adhesion to guidelines was associated with improved prognosis [22].

Is It Necessary To Shape Risk Stratification into Organizational Ability?

Eighty percent of patients with ACS NSTEMI in BLITZ- 2 and 75% of
patients with ACS STEMI in BLITZ-1 were found to be at high risk and
require invasive therapy. This percentage, however, was not compatible with
the organized system for ACS treatment established by European “hub and
spoke” centers. Moreover according to the TIMI risk score, 14% of patients at
low risk, 50% at middle risk, and 36% at high risk received early invasive
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therapy. Identification of patients at high risk should be based on the use of
prognostic information, such as heart failure, ST shifts, ECG findings, and
improvement of myocardial necrosis markers. When confronted with limited
means, it is very important that hub and spoke centers for ACS treatment use
a qualified classification risk, one that is consistent with the local availability
of resources and technology. When resources are limited, it is important to
reserve resources for patients at high risk [23].

What Difficulties Arise in the Application of Guidelines?

There are many reasons for non-adhesion to guidelines:
1. Few and poorly known or unknown guidelines.
2. Limitation acceptance of criticism; hurried acceptance of recent, non-

definitive, and poorly confirmed trials.
3. Personal beliefs of clinicians based on randomized studies.
4. Local treatment preferred by departmental leaders.
5. Poor logistical technological conditions, since the recommended treat-

ments sometimes are very expensive or not available.

The application of guidelines in clinical practice is complex and difficult,
and their elaboration and publication in scientific reviews is not enough to
guarantee their use. Therefore, in Europe and in the USA programs have
been developed to improve the acceptance and use of clinical guidelines.
These programs are based on information from physicians, non-physician
clinical professionals, patients, and the public and make use of several strate-
gies (protocols; algorithms; multimedia systems, outsourcing, pathology
management, case histories) to provide continuous feedback to researchers
as well as those involved in clinical practice [16–20]. The application of
guidelines to the treatment of patients with acute or chronic ACS could save
many lives, with annual costs that are lower than those arising from the
development of new therapies [21].

What Can Be Expected from the Next Guidelines?

1. Increase loaded dose of clopidogrel from 300 mg to 600–900 mg in ACS
NSTEMI treatment.

2. Combine the use of clopidogrel and aspirin in ACS STEMI treatment.
3. Revised statin dose (atorvastatine 80 mg) in ACS NSTEMI treatment (see

PROVIT TIME, REVERSAL and ALLIANCE results).
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4. ARB use in ACS NSTEMI in patients with FE< 40%.
5. Cholesterol LDL target < 70–80 mg in management of ACS STEMI and

chronic ischemic cardiopathy.
6. Use low molecular heparin in ACS STEMI.
7. Clear definition of use of metallic stent or drug-releasing stents.
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Is There a Limit to PTCA in Elderly Patients?

FRANCESCO BOVENZI, ROBERTO LORENZONI, MAURO LAZZARI, ANDREA BONI,
CRISTINA GEMIGNANI

Introduction

Life expectancy in the western world is steadily increasing; as result,
ischemic cardiopathy has a higher incidence in the population. Moreover,
highly effective therapies have become available for treating this disease,
which has led to an increase in the number of chronically ill patients. It can
therefore be presumed that within the next few years the number of patients
in their 80s and 90s will be much greater than today.

Medical therapy has undoubtedly not only improved the quality of life of
elderly patients with ischemic cardiopathy, but it has also prolonged survival
[1]. Unfortunately, however, there are situations when medical therapy alone
is not sufficient to keep the symptoms under control, and in these cases
interventional procedures are necessary. It has been demonstrated that coro-
nary-artery bypass grafting (CABG) is better able than medical therapy
alone to prolong the life of patients in their eighties. However, the mortality
rate during surgery is very high for these patients, as is the incidence of com-
plications following surgery, such as stroke and renal failure [2].

Angioplasty is far less invasive than CABG in the elderly and is thus the
preferred procedure for revascularization in these patients [3–5]. Nonetheless,
despite supportive research findings, cardiologists prefer to avoid invasive pro-
cedures in patients over the age of 80, with the result that angioplasty is per-
formed much less in this group than in younger patients [6].

There are, undoubtedly, a number of problems to be faced when consid-
ering angioplasty in an elderly patient, but very little research has been car-
ried out in this particular area, including a lack of specific trials. Such stud-
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ies as well as patient registries are needed to confirm the possibility of posi-
tive results, such as those obtained when angioplasty is performed on
younger patients with acute coronary syndrome.

Invasive Strategy 

There is a general widespread tendency in medical practice to reduce symp-
toms and offer good quality of life rather than intervene to prolong the same
in very elderly patients. This approach persists in spite of the fact that side
effects of drugs are more common in older patients and that elderly patients
frequently have co-morbidities, such as diabetes mellitus and chronic renal
failure. If an elderly patient is in good general health, CABG can be per-
formed. However, the sternotomy is more traumatic in elderly patients, and
chronic obstructive bronchopathy and renal failure are frequent factors that
increase the risk of further complications. In addition, the extent of cognitive
deterioration following extracorporal circulation should not be underesti-
mated [7]. Furthermore, the administration of radiographic contrast agents
(in invasive strategies) often causes renal damage in elderly patients [8].
Another risk is linked to bleeding caused by an aggressive use of antithrom-
botic therapy [9].

Despite these drawbacks, coronary revascularization with bypass surgery
or angioplasty has been shown to prolong life by 4 years compared to the
administration of medical therapy alone in patients over 80 [4].

Stable Angina

The latest guidelines for the management of patients with chronic stable
angina do not take age into consideration [1]. The TIME trial demonstrated
that coronary revascularization with bypass surgery or angioplasty is superi-
or to medical therapy [5].

Non-ST-Segment-Elevation Acute Coronary Syndrome

In these patients an invasive strategy proved to be advantageous compared
with medical therapy even in older patients. The ROSAI-2 registry demon-
strated that the mortality rate after 30 days in the elderly – that is patients
over 75 – is four times higher than in younger patients. Nonetheless, a con-
servative rather than an invasive strategy is usually preferred in the elderly
[10]. The TACTICS-TIMI 18 trial demonstrated, in fact, that an aggressive
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approach was advantageous above all in the elderly [11]. Furthermore, in
that study, there were fewer strokes, but an increased number of hemorrhag-
ic events.

In many risk scores (TIMI, GRACE, PURSUIT), age is considered an
important factor that leads to the decision for a therapeutic invasive strategy
[12]. Unfortunately, the choice often depends on the availability of a cardiac
catheterization lab, rather than on the risk score or age of the patient [10].

Acute ST-Segment-Elevation Myocardial Infarction

Age is fundamental when calculating the TIMI risk score in acute ST-seg-
ment-elevation myocardial infarction, for which primary angioplasty,
according to the latest guidelines, remains the best therapeutic choice even
in elderly patients [13–16]. It is known, however, that the incidence of hem-
orrhagic stroke increases following thrombolytic therapy, thus reducing the
positive effects of treatment on outcome [17]. Primary angioplasty can be
carried out safely and effectively in the elderly [18] and above all in patients
with shock [19], even if shock, such as induced by heart-muscle rupture, is a
frequent complication with acute ST-segment-elevation myocardial infarc-
tion [20].

Antithrombotic Therapy 

Studies have shown that combined antiplatelet and anticoagulant therapy is
effective in patients during percutaneous coronary intervention. It is, howev-
er, necessary to pay attention to the risk of minor and major bleeding in
elderly patients. The early administration of aspirin has proved to be effec-
tive for the prevention and treatment of acute coronary syndrome [21].
Clopidogrel has been shown to reduce complications during percutaneous
coronary intervention in elderly patients and should therefore be adminis-
tered upstream of the procedure [22].

The intravenous use of GP IIb/IIIa inhibitors, in addition to aspirin,
clopidogrel, and unfractionated heparin, is also important as part of the ini-
tial medical management of patients with acute coronary syndrome who are
at high risk. However, in elderly patients, the risk of bleeding increases with
these drugs; consequently, their downstream use, when complications arise,
is more opportune [23].

The REPLACE-2 study showed that, in non-ST-segment-elevation acute
coronary syndrome, bivalirudin with provisional GP IIb/IIIa blockade dur-
ing elective percutaneous transluminal coronary angiography (PTCA)
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proved superior to heparin alone with respect to protection from ischemic
events and bleeding complications. The therapy was not inferior to that of
heparin plus a GP IIb/IIIa inhibitor and was associated with fewer bleeding
complications, above all in elderly patients (over age 75). As a result,
bivalirudin with provisional GP IIb/IIIa inhibitors was validated as an anti-
coagulant strategy during contemporary PTCA [24, 25].

Drug-Eluting Stents

Very few indications are available regarding the use of drug-eluting stents in
patients over 80, since most of the studies were carried out on patients who
were younger than 75 years. However, according to a report presented at the
2004 American Heart Association Scientific Sessions, elderly patients treated
with the CYPHER Sirolimus-eluting coronary stent should expect the same
benefit in repeat coronary procedures as seen with younger patients. The
data were taken from the e-CYPHER Registry [26], which was designed to
better understand the safety and clinical benefits of the CYPHER stent in the
therapy of coronary artery disease in difficult-to-treat patient groups. In this
octogenarian group, 505 patients age 80 years or older had a low target-
lesion revascularization rate, which was similar to the rate in the patient
group under the age of 80 (0.8 vs 1.3%). It is certain, however, that double
prolonged antiplatelet therapy is not auspicious in those who are at high risk
of bleeding and who undergo surgery frequently.

Technical Aspects 

As far as percutaneous vascular access in the elderly patient is concerned, it
is preferable to use a radial rather than a femoral approach. Radial access is
often associated with fewer puncture-site bleeding complications, as the
radial artery is smaller and more superficial and therefore much easier to
compress. Consequently, it is preferable not only in elderly patients who
need to undergo percutaneous coronary intervention [27], but also in obese
patients.

Conclusions 

The number of over 80-year-olds suffering from ischemic cardiopathy is
increasing, and hospitals must shoulder the burden of care. However, these
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patients are not always managed according to current guidelines. The need
for clear clinical indications as to how to manage this population clashes
with the difficulties encountered when random trials are carried out and
with often-incomplete registry information. The effectiveness of therapeutic
choices, on the one hand, and the iatrogenic risk (risk/benefit-damage/bene-
fit), on the other, must be evaluated and adjusted according to the protocol in
use (guidelines) and to the clinical and biohumoral checks carried out. The
effectiveness of invasive therapy is indeed significant in high-risk cases and
in particular in those involving acute coronary syndrome. However, as the
clinical features of the individual elderly patient are extremely variable and
as these patients often present with co-morbidities, a personalized evalua-
tion is fundamental to effective and safe treatment.
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When Should Patients with Ischemic Mitral Regurgitation
Undergo Cardiac Surgery?

SCIPIONE CARERJ, CONCETTA ZITO, GIUSEPPE DATTILO, GIANLUCA DI BELLA, CARMELO

NIPOTE,ANNALISA LAMARI, ROSSELLA GARUFI, SALVATORE MICCIULLA, FRANCESCO ARRIGO

Introduction

Ischemic mitral regurgitation (MR) is a frequent entity that is often over-
looked in the setting of acute or chronic coronary disease [1, 2]. The preva-
lence of this disorder varies between 10 and 30% of MR cases. The papillary
muscles are particularly jeopardized by acute ischemia, and the posterome-
dial muscle (perfused by the posterior descending coronary artery) is more
vulnerable than the anterolateral one (perfused by branches of the anterior
and circumflex coronary arteries). The posteromedial muscle is perfused by
one vessel in 63% of patients, whereas the anterolateral muscle receives
blood from the two major coronary branches in 73% of patients [3]. MR fol-
lowing acute myocardial infarction (AMI) develops in 15% of patients suffer-
ing from an anterior insult as compared to 40% of those with an inferior
infarction. Functional MR after the ischemic insult, or induced by myocar-
dial ischemia and transient papillary-muscle-related myocardial wall dys-
function, is therefore characterized by preserved valve integrity.

The major determinant of functional MR is systolic valve tenting, which
is directly caused by the local remodeling and, particularly, by the apical and
posterior papillary muscle displacement. Previous studies have shown that
posterior infarctions involving the posterior papillary muscle can produce
severe MR, by asymmetric tethering, whereas large anterior myocardial
infarctions with involvement of the anterior papillary muscle do not lead to
this condition. Moreover, in almost half of the patients with chronic ischemic
MR due to anterior infarction and symmetric tethering, the anterior papil-
lary muscle is not involved, but the left ventricle is always markedly dilated
[4–6]. Indeed, MR secondary to asymmetric tethering represents the conse-
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quence of a limited posterior infarction and causes displacement of the pos-
terior papillary muscle and prevalent posterior tethering of both leaflets. In
symmetric tethering, MR generally represents progressive global left ventric-
ular remodeling that is determined by a previous anterior myocardial infarc-
tion and which also involves remote zones.

Evaluation of Ischemic Mitral Regurgitation

Acute MR due to rupture of the papillary muscle should be considered in a
patient presenting with shock during AMI. The murmur may even be inaudi-
ble, which stresses the importance of performing echocardiographic exami-
nation as soon is possible in this setting. It should be remembered that
chronic ischemic MR is a dynamic condition and its severity may vary from
time to time in relation to arrhythmias, ischemia, hypertension, or exercise.

In patients with coronary disease, echocardiographic examination is use-
ful for establishing the diagnosis and for differentiating true ischemic MR, in
which the valves are normal, from organic MR. The use of quantitative meth-
ods adds valuable information. In ischemic MR, lower thresholds of regurgi-
tation severity, using quantitative methods, have been proposed (20 mm2 for
effective regurgitant orifice and 30 ml for regurgitant volume) [1, 7].
Preliminary studies have shown that quantitation of MR during exercise is
feasible, provides a good evaluation of dynamic characteristics, and has
prognostic importance [7]. Limited studies using low-dose dobutamine or
positron emission tomography have explored preoperative myocardial via-
bility as a predictor of outcome [8].

Indications for Cardiac Surgery 

There has been progressive improvement in our understanding of the vari-
able mechanisms of MR in relation to different etiologies. Better knowledge
of mitral-valve anatomy and pathophysiology in different MR etiologies has
been paralleled by substantial advances in surgical management and postop-
erative results [2, 9–11]. Enormous progress has been made in the surgical
procedures for MR, with a trend towards tailored reconstructive operations
according to the specific valvular pathology [9–11]. Indeed, conservative
techniques, such as the treatment of MR by prosthetic valve replacement
alone, have emerged as the gold standard and applied in MR to restore prop-
er valve function and to improve postoperative outcome by maintaining the
valve-ventricle relationship and avoiding the well-known complications
associated with prosthetics [9–11].
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Data concerning the results of surgery are far more limited in ischemic
MR than in organic MR. Operative mortality is higher than in organic MR
and the long-term prognosis is less satisfactory, with a higher recurrence
rate of MR after valve repair [12]. These less favorable results are partially
due to the more severe comorbidities in ischemic MR patients.

Acute MR secondary to papillary muscle rupture has a dismal short-term
prognosis and requires urgent surgical treatment, after stabilization of the
patient’s hemodynamic status, using an intra-aortic balloon pump and
vasodilators.

In patients with chronic ischemic MR, although coronary artery disease
and left ventricular dysfunction have prognostic importance, the presence
and severity of MR are independently associated with increased mortality
[1]. The limited data in the field of chronic ischemic MR has resulted in less
evidence-based management (Table 1). While chronic severe MR should be
corrected at the time of bypass surgery, there is continuing debate on the
management of moderate ischemic MR. In such patients, valve repair is
preferable and the decision must be made pre-operatively, since intraopera-
tive echocardiographic assessment underestimates the severity of ischemic
MR. In patients with low ejection fraction, surgery is more likely to be con-
sidered if myocardial viability is present and if comorbidity is low.

There are no data to support surgically correcting mild MR due to
ischemia when the patient is asymptomatic, from the point of view of MR,
and, particularly, when coronary revascularization can be carried out by per-
cutaneous coronary intervention. However, these patients should be carefully
followed, by clinical and echocardiographic examination, to detect any
change in the degree and the consequences of ischemic MR.
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Table 1. Indications for surgery in patients with chronic ischemic mitral regurgitation
(Modified from [13])

Clinical indications Class

Patients with severe MI, LVEF > 30% undergoing CABG IC

Patients with moderate MI undergoing CABG if repair is feasible IIaC

Symptomatic patients with severe MI, LVEF < 30% and option for CABG IIaC

Patients with severe MR, LVEF >30%, no option for CABG, refractory to 
medical therapy, and low comorbidity IIbC 

CABG, Coronary artery bypass grafting; MR, mitral regurgitation; LV, left ventricle; EF,
ejection fraction
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Minimally Invasive Techniques in Cardiac Surgery:
An Opportunity for All Patients?

LEONARDO PATANÈ, ALFIO CAVALLARO

Introduction

Cardiac operations have traditionally been carried out through the median
sternotomy approach and cardiopulmonary by-pass (CPB). However, the
procedures are associated with complications, such as infection, dehiscence,
mediastinitis, and neurological problems, some of which have an unaccept-
ably high mortality rate. CPB, in particular, is responsible for diverse objec-
tive problems, such as hemolysis, heparin rebound phenomena, comple-
ment activation, and deterioration of the immune system, as well as subjec-
tive factors related to the degree of surgical invasiveness, such as poor
appetite, insomnia, depression, visual, memory, intellectual deficits, and loss
of sexual ability.

The experience gained through less invasive surgery in other specialties
has influenced clinical thinking regarding minimally invasive cardiac
surgery (MICS), a term initially used to describe small-incision approaches
to the heart [1]. Limited access was initially used only in coronary artery
bypass graft (CABG) surgery, but today minimally invasive approaches are
being applied to a number of other cardiac procedures as an alternative to
conventional median sternotomy. While the advantages of MICS have been
well-documented, it remains clear that a successful outcome requires a close
working relationship between surgeons, anaesthetists, and perfusionists.
Supporters of minimally invasive techniques in cardiac surgery claim sig-
nificant improvements in patient comfort, lower procedural costs, and
decreased operative morbidity [2–5]. In this article, we review the current
minimally invasive techniques that are available and discuss whether they
represent an opportunity for all or only a select group of patients.
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Background

Cardiac surgery was the last of the surgical specialties to embrace the princi-
ples of minimal invasiveness. The complexity of the procedures presents
both obstacles and opportunities to make them less invasive. However, since
the mid-1990s, MICS has rapidly gained popularity through pioneers in the
field, such as F.J. Benetti and H. Vanermen [6, 7]. The first Port-Access single
CABG surgery procedure was done at Stanford University, California, in
April 1995. In 1996, Colvin, Galloway, Ribakove, and Grossi, performed the
world’s first minimally invasive mitral-valve repair, at the NYU School of
Medicine. The heart was accessed via small chest incisions, allowing the
patient to recover more quickly than would have been the case with tradi-
tional open-heart surgery [8]. Robotic-surgery clinical trials of minimally
invasive surgical procedures, particularly those involving repair of the mitral
valve, began that same year.

MICS Procedures: Techniques and Results

There are benefits in avoiding both median sternotomy and CPB. While in
MICS procedures this is not always possible, there is no question that they
reduce the degree of invasiveness. Besides having different degrees of inva-
siveness, MICS procedures may also introduce additional risk, make the con-
version to conventional surgery more or less difficult, and have different
learning curves. The possibility of additional risk and the length of the
learning curve are affected by changes in instrumentation, including stabiliz-
ers, special retractors, trocar ports, and smaller-shafted instruments, the
change in visualization to partial or complete video assistance, and new ways
to carry out CPB.

To compare the different ways to lessen the aggression in cardiac surgery,
a definitive classification of this type of surgery is needed. We distinguish
five different types of MICS procedures.

Direct CABG Surgery Without CPB (Off-Pump CABG or OPCAB)

Coronary-artery bypass graft (CABG) surgery through a complete sternoto-
my without CPB is, for the most part, conventional and can only be consid-
ered less invasive because the CPB complication is avoided. The heart keeps
beating during the procedure and stabilizers are necessary to immobilize the
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distal anastomotic site. Anastomoses are performed using conventional for-
ceps and visualization. Hence, the learning curve is fairly short. This proce-
dure carries the risk of partial revascularization but conversion to conven-
tional surgery is not difficult. Specific indications for this type of surgery
include single-vessel disease, such as disease of the left anterior descending
artery (LAD) or right coronary artery; previous or current malignancy,
hemodialysis, severe pulmonary insufficiency, advanced age, poor ejection
fraction, calcified aortic root and arch, redo situations, recent history of
cerebral hemorrhage, and a patient who is a Jehovah’s Witness [9].

Several companies have developed technologies that “stabilize” the anas-
tomotic site in the same way as the Cardiac Thoracic System (CTS) or the
Octopus stabilizer. In many centers, both surgeons and anesthesiologists
have elaborated techniques to work on the beating heart without compro-
mising the patient’s hemodynamic status. It remains to be seen whether full
revascularization using the same number of arterial grafts and results as
good as those obtained with CPB can be achieved.

As yet, there is no clear evidence of significant benefits for those patients
undergoing OPCAB, except for in high-risk situations (for example, elderly
patients, or patients with low ejection fraction, renal failure, etc.) [10].

Limited or Modified Approaches with CPB

An increasing array of surgical corrections have involved a limited or modi-
fied alternative approach, thus lessening the damage to the thoracic cavity.
These include: hemisternotomy, partial T, J or L sternotomy through the 3rd
or 4th intercostal space, reversed-T sternotomy, transverse sternotomy,
parasternotomy with excision of two or more costal cartilages (as in the
Dresden technique), and various types of anterolateral minithoracotomies
[11, 12]. The surgical techniques are fairly conventional so the learning curve
is short, but conversion to conventional surgery is more difficult. CPB can be
done either in the conventional manner or with the EndoCPB System.
Visualization is conventional, but special retractors are required.

Specific indications for such procedures include redo situations, previous
sternitis and mediastinitis, severe pulmonary insufficiency, and disorders of
the ventilatory muscles. These approaches reduce the injury to the thoracic
cavity and the amount of pain. The thoracic cavity is more stable after
hemisternotomy or J sternotomy, which will most certainly benefit some
patients. Comfort and cosmesis may also be improved, and some patients
will have a shorter rehabilitation period.
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Minimally Invasive Direct CABG Surgery without CPB (MIDCAB)

This approach consists of the anastomosis of a pedicle of an arterial graft,
most commonly the internal mammary artery (IMA), to a coronary branch
(usually the LAD) on the beating heart via a parasternal or left anterior
small thoracotomy (LAST operation). The value, even in the extended 18- to
20-year follow-up, of a bypass from an IMA to the LAD is well-documented
in the literature, and in the off-pump and mini-thoracotomy setting the pro-
cedure is extremely cost-effective. Thus, it is a valid alternative for endovas-
cular procedures. In two- or three-vessel disease, it may be a part of a well-
designed hybrid therapy protocol. It is most definitely minimally invasive,
and epidural anesthesia can provide additional comfort to the patient.
However, the learning curve is difficult, and conversion to conventional
surgery can be cumbersome. Special retractors and stabilizers are required,
although visualization may be conventional or video-assisted, particularly in
the take-down of the IMA to obtain a full-length view of the graft [13].

Keyhole Approaches with Endo-CPB System (True Port-Access or Heartport)

For some surgical procedures, an endoscopic or “keyhole” approach, also
referred to as true Port-Access or Heartport surgery, or video-assisted
surgery, may be performed [7, 8, 14–16]. In this approach, surgery is
through one to four small (5–10 mm) incisions or “ports” and a 5–7 cm
“working port” in the chest wall between the ribs. An endoscope or thoraco-
scope and surgical instruments are placed through the incisions. Since the
large vessels are not easily accessible, new methods to install the CPB and to
arrest the heart are necessary to allow surgery in a gold-standard setting. A
CPB system that does not require a large access and that uses “endovascu-
lar” methods is called endo-CPB. The Seldinger technique is used to intro-
duce Heartport’s arterial and venous cannula in the femoral artery and
femoral and internal jugular veins, respectively. Since endo-CPB is not
appropriate for all patients, it is important to take into account the preoper-
ative thresholds indicating the presence of good peripheral arteries. During
surgery, it is essential to know exactly when to retreat and/or to convert in
order to exclude additional risk. Transesophageal echocardiography (TEE)
will clearly show the right lumen, the passage through the right vessel, and
the exact positioning of, for example, the endo-aortic balloon. Safe cardiac
arrest is a challenge in Port-Access surgery. The technology of the
Heartport Endo-aortic clamp allows endo-aortic balloon inflation to
occlude the lumen and the delivery of antegrade cardioplegia, under TEE
positioning and monitoring.
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In some centers, a large percentage of Port-Access mitral or tricuspid
valve procedures have been carried out on the beating heart. This is an
advanced technique that uses Endo-CPB and better preserves heart function
than when the heart is stopped during surgery.

The types of MICSs that are possible using the innovative Port-Access or
“keyhole” approach include: valve surgery, atrial-septal defects (ASD) and
myxoma surgery, biventricular pacemaker lead placement on the surface of
the left ventricle, and minimally invasive surgery for atrial fibrillation [8,
14–16]. The ability to perform an endoscopic anastomosis, if not robotically
assisted, still remains the rate-limiting step for totally endoscopic CABG
surgery [17].

Robotic-Assisted Cardiac Surgery

Robotic-assisted cardiac surgery may change the way certain heart surgeries,
such as valve surgery and single-vessel or multi-vessel CABG surgery, are
performed in the future [17]. In this type of MICS, the cardiac surgeon uses a
computer to control surgical instruments on thin robotic arms. The technol-
ogy allows surgeons to perform certain types of complex heart surgeries
with smaller incisions and precise motion control. The surgeon’s hands con-
trol the movement and placement of the endoscopic instruments. The robot-
ic “arm and wrist” movements mimic those of the surgeon. The surgeon is
always in control during the surgery, and there is no chance that the robotic
arms will move on their own. In several centers, robotic-assisted surgical
technique is used in select patients during CABG surgery (with single-vessel
disease), biventricular pacemaker lead placement on the surface of the left
ventricle, and catheter ablation for the treatment of paroxysmal atrial fibril-
lation. Robotic technology is a prerequisite in totally endoscopic CABG
surgery. During the implementation phase, several surgeon-related technical
difficulties may be encountered. Technical difficulties associated with this
type of surgery translate into markedly increased operative time, moderately
prolonged postoperative ventilation time, and slightly increased hospital
stay. Short-term survival and freedom from angina, however, do not seem to
be compromised.

Benefits of Minimally Invasive Surgery and Patient Selection

Several studies have demonstrated that the aforementioned techniques offer
several patient benefits [2–5, 18]. The documented advantages of MICS
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include a smaller incision and a smaller scar. Incisions are 3–4 inches instead
of 6–8 inches, as required for traditional surgery. Other possible benefits of
MICS, compared to open-chest surgery, are listed in Table 1.

According to Vaca et al. patients experience less pain and return to nor-
mal activities faster [19].

Hospital stays are shortened to 4–5 days or less, compared to 8–12 days
for conventional heart surgery.

The recovery period is reduced to 2–4 weeks instead of 8–12 weeks. Other
patient benefits in CABG surgery include the decreased incidence of atrial
fibrillation (10–15% vs 35–50% post-conventional), therefore lowering mor-
bidity. Although, on balance, the techniques require larger amounts of dis-
posable items and have higher revenue costs, intensive care and hospital stay
are shorter. This, along with more rapid rehabilitation, results in lower
healthcare costs.

MICS is appropriate and effective for the treatment of many congenital or
acquired cardiac conditions, including such complex and demanding clinical
cases as mitral and tricuspid valvulopathies, single-vessel CABG surgery,
myxomas, epicardial lead placement in cardiac resynchronization therapy,
paroxysmal atrial fibrillation, and ASDs. Also, harvesting of the saphenous
vein and radial artery may be performed using small-incision approaches.

At this early stage, not all patients are candidates for a minimally invasive
approach [9, 16], as there are some relative contraindications. These include
a previous right or left thoracotomy with an adherent lung, severe mitral
valve annulus calcification, a dilated ascending aorta greater than 4.5 cm in
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Table 1. Minimally invasive cardiac surgery: benefits

• Less damage to tissue and muscle

• Reduced risk of infection

• Less bleeding

• Elimination, in some patients, of the need for cardiopulmonary bypass

• Lower risk of complications

• Less pain and trauma

• Shorter hospital stay, quicker return home

• Quicker recovery

• Improved quality of life and heart function

• Easier mobility and walking

• Faster return to “normal life” (often in 2 weeks)

• Minimal assistance, once home

• Earlier, more consistent cardiac rehabilitation program



diameter, and severe pulmonary hypertension. Thus, each patient must be
individually assessed prior to surgery.

Discussion

Unquestionably, MICS benefits both CABG and heart valve surgeries [2–5].
In all cases, the emerging data suggest that these less-invasive operative tech-
niques provide measurable clinical and physiologic benefits.

CPB and the access represent the two sources of invasiveness. Whenever a
revascularization is needed, it should be as least invasive as possible, and a
complete armamentarium suited to the procedure must be at hand.
Nonetheless, CPB must be avoided in several specific cases, such as renal,
recent cerebrovascular accident, calcified aorta, malignant tumor, the patient
being a Jehovah’s Witness, and in elderly people in whom the number of tar-
gets is low.

Important advantages (such as less pain, less systemic stress response,
and recovery in approximately half the time, based on the Duke activity
index score) have been seen in patients who have undergone OPCAB and
MIDCAB compared to those who had conventional surgery for multi-vessel
CABG. Since these techniques avoid CPB, the risk of stroke and other bypass-
related complications is diminished. At NYU School of Medicine, approxi-
mately 25–30% of patients requiring CABG are currently treated with a less-
invasive operative approach. A study of high-risk patients with atheromatous
disease of the aortic arch requiring CABG surgery demonstrated that
patients who received OPCABG or MIDCABG had half the risk of stroke and
death compared to those receiving conventional surgery.

MIDCAB is an excellent surgical procedure when LIMA to LAD is the
only aspect to be considered, although the learning curve is probably the
most important factor. In complete revascularization through a small access
on- or off-pump, such as important lesions of the LAD and its tributaries, the
alternative of leaving the rest to the cardiologists in a hybrid-therapy strate-
gy, should also be considered. Whenever complete and/or arterial revascular-
ization is “mandatory” and the patient would be at risk with either tech-
nique, opting for the conventional approach is the best option.

Small-access is the best choice for those patients in whom fast rehabilita-
tion and/or cosmesis are important to return to work and/or sport, and the
number of target is not impressive.

These strategies, which allow risk stratification based on anatomy and
risk factors such as severe vascular disease or renal failure, have led to
improved overall results and a reduced risk.
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The impact of minimally invasive approaches on valvular surgery has
been even more striking than those of coronary bypass surgery. Cohn et al.
[11] recently reported results of 100 patients who underwent minimally
invasive mitral valve repair or replacement using a right parasternal inci-
sion. The operation was successfully completed in all patients. Sixty percent
of the patients did not require blood transfusion and the mean hospital stay
was only 5 days. The authors observed that post-operative pain and return to
“normality” were improved compared to sternotomy patients.

Cosgrove et al. [12] reported results from 115 patients who underwent
isolated mitral or aortic valve surgery using a parasternal incision. The oper-
ative risk in this series was 1%. Seventy-seven percent of the patients did not
receive blood and the mean hospital stay was 5 days. The authors concluded
that the less invasive approach reduced surgical trauma, the need for blood
transfusion, and length of hospital stay.

Although less invasive, MICS is still major heart surgery, with the poten-
tial for risks and complications, including stroke and death. A patient’s par-
ticular anatomy, clinical circumstance, or tendency for excessive bleeding
may cause the surgeon to switch to a conventional sternotomy approach to
complete the operation safely and effectively.

Risks and complications of any type of heart surgery include damage to
major blood vessels or adjacent structures, chest wound pain or infection,
bleeding from the wound or internal organs, irregular heartbeat, stroke, or
death. Risks associated with MICS include damage to major blood vessels,
especially aortic dissection, and potential damage to the ribs.

Results of MICS have been extremely good, with a very low operative
risk, less bleeding, less risk of infection, and shorter overall recovery. Follow-
up studies have shown that valve repair durability is equivalent to that
achieved with conventional surgery. Thus, the short-term risks are reduced
with equivalent to long-term results.

The minimally invasive approach has become the standard of care for
most patients requiring isolated valve repair or replacement, with the Port-
Access approach being used for virtually all mitral-valve surgery.

In summary, the large and extremely favorable experience with MICS
suggests that this form of less-traumatic surgery is now preferred for most
patients requiring aortic- or mitral-valve surgery, for ASD repair, and for
atrial myxoma excision. Patients requiring CABG surgery are risk-stratified
for either conventional surgery, MIDCAB, or OPCAB, which has lowered the
overall risk significantly. MICS patients require less blood, have fewer infec-
tions, and recover more quickly. Emerging new technologies are having a
dramatic impact on patient care by lowering the overall morbidity, pain, and
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suffering associated with heart surgery.
Costs can be phenomenal as instruments are disposable, with new instru-

ments being required for each operation. Thus, the initial cost of setting up a
theatre with the correct equipment must also be considered.

Long-term costs will be lower due to reduced hospitalization and
improved recovery times.

Conclusions

Since 1996, the use of MICS has expanded dramatically, and this surgical
strategy has become an accepted and established alternative to conventional
surgery. Many groups are developing minimally invasive techniques for all
types of heart surgery. In each of these procedures, every effort is made to
limit the trauma to the patient. The experience to date has demonstrated that
MICS is a safe and broadly applicable technique for performing a wide range
of complex cardiac procedures with highly reproducible results and several
benefits. CABGs and mitral-valve replacement are examples of the successful
surgeries performed using minimally invasive techniques. However, risks
and complications remain. Currently, not all patients are suitable for MICS.
Technical, anatomical, and organizational aspects associated with the surgi-
cal learning curve and the high initial costs influence the indications for
these approaches. Heartport’s technology has the potential to change cardiac
surgery in much the same way that laparoscopic techniques have revolution-
ized gall-bladder surgery. It is likely that over the next few years the term
“minimally invasive” will be replaced with “minimally invasive and innova-
tive” to encompass all forms of innovative cardiac surgery that carry less
invasion of tissues, thus reflecting the true meaning of MICS.
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Cardiovascular Risk Management: An Overview

ANDREA BONI, ROBERTO LORENZONI, MAURO LAZZARI, CRISTINA GEMIGNANI,
FRANCESCO BOVENZI

Introduction

Cardiovascular disease (CVD) is a leading cause of mortality and is responsi-
ble for one-third of all global deaths annually. This translates into the deaths of
17 million people each year [1, 2]. Despite research-based gains in the treat-
ment of CVDs, they remain the leading killer in the USA and in most devel-
oped areas of the world. Coronary heart disease (CHD) accounts for the major-
ity of CVD deaths, disproportionately afflicts racial and ethnic minorities, and
is a prime target for prevention. Hypertension is the most prevalent CVD,
affecting at least 600 million people, and is an important contributor to cardio-
vascular mortality and morbidity [3]. Nearly 85% of the global mortality and
disease burden from CVD is borne by low- and middle-income countries.

In India, for example, approximately 53% of CVD deaths are in people
younger than 70 years of age; in China, the corresponding figure is 35%. The
majority of the estimated 32 million heart attacks and strokes that occur
every year are caused by one or more cardiovascular risk factors – hyperten-
sion, diabetes, smoking, high levels of blood lipids, and physical inactivity –
and most of these CVD events are preventable if meaningful action is taken
against these risk factors.

The Challenges of Effective Cardiovascular Risk Management

The prevention of CVDs too frequently focuses on single risk factors, rather
than on comprehensive cardiovascular risk. For many years, individual car-
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diovascular risk factors have been dealt with in isolation, often by specialists
with an interest in one particular risk factor, for example hypertension or
hypercholesterolemia. There has recently been a move to emphasize the
importance of reducing global cardiovascular risk. This requires clinicians to
address any one of a number of different risk factors. The interplay between
these various factors is important in our understanding of development of
CVD and, similarly, the synergistic effects of targeting different risk factors
is important in risk reduction.

Evidence based, cost-effective interventions are available for addressing
comprehensive cardiovascular risk, and the challenge now is to use what we
know, particularly in low- and middle-income countries. Advances in cardio-
vascular epidemiology in developed countries provide the knowledge base
necessary to understand the underlying biological processes that account for
these emerging epidemics [4, 5]. This calls for resource-sensitive, innovative
strategies.

Barriers to Comprehensive Cardiovascular Risk Assessment 
and Management

Health Policy

The overriding barrier to CVD risk-management programs in low- and mid-
dle-income countries is that there are no formal policies that target CVD as a
major health issue. In 2001, a survey of 167 countries in the six WHO regions
found that 57% of the countries lacked a non-communicable-disease policy,
and 65% had no CVD plan [6]. Several factors explain the absence of formal
policies in such settings: a paucity of epidemiological data documenting the
scope of CVD; a focus on communicable diseases; a lack of knowledge about
the cost-effectiveness of CVD prevention; and limited human and physical
resources. The per capita health expenditures vary from US$ 4,055 in the
USA, to US$ 34 in China and US$ 1 in Liberia.

Health-care Systems

The lack of a health policy for CVDs can have many downstream effects,
most notably the inadequate allocation of resources to local health systems
for CVD management. Other factors that limit CVD risk management at the
system level include: under-equipped health facilities; a lack of continuity
between primary health-care and the secondary- and tertiary-care sectors
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[7]; poorly developed information systems; a lack of awareness of the poten-
tial health benefits and cost savings of CVD programs; and the influence of
commercial interests on resource allocation.

This situation needs to be rectified, such that primary health facilities,
which are most accessible to patients, are equipped to provide basic CVD
care. This sector has been developed for treating acute, time-limited illnesses
and thus does not have information systems to support the patient follow-up
necessary for CVD risk management. Finally, the commercial interests that
shape the purchase of pharmaceuticals and devices have a strong impact on
the current provision of CVD care in under-resourced settings.

Hypertension:“A Gateway to Risk Factor Management”

Several studies have demonstrated that conventional management of hyper-
tension leaves patients at an unacceptably high risk of cardiovascular and
other complications, such as myocardial infarctions, strokes, cardiac failure,
renal failure and death [7, 8]. This appears to be due mainly to suboptimal
blood-pressure control and failure to address other coexistent risk factors
that contribute to total cardiovascular risk [9]. People with high blood pres-
sure frequently have other risk factors for CVD. These include the common
occurrences of dyslipidemia, impaired glucose tolerance, and target organ
damage. Thus, the identification of hypertension should prompt the physi-
cian to search for other risk factors and consider them as part of a compre-
hensive strategy to reduce a patient’s cardiovascular risk. This concept is
important because the simple measurement of blood pressure provides what
has been described as “a gateway to risk factor management,” i.e., a simple
means of identifying people at risk for CVD prior to the onset of disease-
associated symptomatology and events. These findings demand a paradigm
shift from “treatment of hypertension” to “management of comprehensive
cardiovascular risk.” In addition, the cost-effectiveness of treating hyperten-
sion is also determined by the overall cardiovascular risk and not by blood
pressure alone [10, 11].

The Way Forward

Guideline developers may continue to focus their guidelines around tradi-
tional “gateways” of CVD risk management, notably, the detection of high
blood pressure, dyslipidemia, or diabetes. Nevertheless, whatever the gate-
way, the objective of treatment must be the same, to optimize CVD risk
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reduction. The force of evidence from clinical trials has led to an evolution
in thinking with regard to CVD prevention. It is rare to find an individual
patient who has only a single risk factor for CVD; instead, the vast majority
has multiple risk factors that conspire to increase their risk. The only effec-
tive strategy to optimize CVD risk reduction is to formally assess risk in
each patient by using one of the many CVD risk calculators currently avail-
able. If risk is elevated, then optimal therapy must involve the use of multiple
strategies aimed at reducing risk rather than focusing on individual risk fac-
tors. In the example of hypertension, an individual’s risk is not determined
solely by his or her blood pressure. Or, to benefit from a statin, all a hyper-
tensive patient needs is an elevated risk, not necessarily an elevated choles-
terol value. This is an important shift in thinking, but a shift that is consis-
tent with long-established evidence from epidemiologic studies. Although
the concept of applying evidence-based medicine to clinical practice seems
simple, there are many issues to consider. Several studies, for example, have
demonstrated low rates of compliance with evidence-based treatment guide-
lines for managing hypertension [12, 13]. Furthermore, conventional man-
agement of hypertension leaves patients at an unacceptably high risk of car-
diovascular events, due to suboptimal blood pressure control and failure to
address coexistent cardiovascular risk factors [8, 10]. In many settings, the
management of hypertension is suboptimal, mainly due to barriers related to
patients, health-care providers, and the health system [13]. Furthermore, the
management of cardiovascular risk, compared to treating elevated blood
pressure per se, demands more skills and better-maintained and better-
equipped facilities. To meet these demands, flexible tools need to be devel-
oped that can be applied in many situations.

The Objective of CVD Prevention in Clinical Practice

The specific objective of CVD prevention for individuals at high risk is to
reduce the risk of CVD and its complications, including the need for percuta-
neous or surgical revascularization procedures in any arterial territory, and
to improve quality of life and life expectancy. The broader objective of CVD
prevention is to reduce the risk of a non-fatal or fatal atherosclerotic cardio-
vascular event and to improve both quality and length of life. These broader
goals can be achieved through lifestyle and risk-factor interventions and
appropriate drug therapies to lower blood pressure, modify lipids, and
reduce glycemia. For the high-risk population, a number of drugs from differ-
ent classes will reduce the risk of recurrent disease and increase life expectan-
cy. These drugs include: anti-thrombotics as well as blood-pressure-, lipid-,
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and glucose-lowering therapies. CVD prevention should be provided in clini-
cal practice and with equal access to: (1) people with any form of established
atherosclerotic CVD; (2) asymptomatic people without established CVD but
who have a combination of risk factors that put them at high total risk (esti-
mated multifactorial CVD risk ≥ 20% over 10 years) of developing atheroscle-
rotic CVD for the first time; (3) people with diabetes mellitus (type 1 or 2).
Individuals in these three groups require professional lifestyle and multifac-
torial risk-factor management of defined lifestyle and risk factor targets. In
addition, the elevation of a single risk factor is also an indication for CVD
prevention because affected individuals are also at high cardiovascular risk,
regardless of the presence of other risk factors. These single risk factors are:
(1) elevated blood pressure ≥ 160 mmHg systolic or ≥ 100 mmHg diastolic, or
lesser degrees of blood pressure elevation with target-organ damage; (2) ele-
vated total cholesterol to high density lipoprotein (HDL) cholesterol ratio ≥
6.0; (3) familial dyslipidemia, such as familial hypercholesterolemia or famil-
ial combined hyperlipidemia. Finally, anyone with a family history of prema-
ture CVD should be assessed for their cardiovascular risk and then managed
appropriately.

Identifying Those at Risk

All adults from 40 years onwards who have no history of CVD or diabetes
and who are not already on treatment for blood pressure or lipids should be
considered for an opportunistic comprehensive CVD risk assessment in pri-
mary care. Younger adults (< 40 years) with a family history of premature
atherosclerotic disease should also have their cardiovascular risk factors
measured. Risk assessment should include ethnicity, smoking habit history,
family history of CVD, and measurements of weight, waist circumference,
blood pressure, non-fasting lipids (total cholesterol and HDL cholesterol),
and non-fasting glucose. The new Joint British Societies’ CVD risk prediction
chart should be used to estimate total risk of developing CVD (CHD and
stroke) over 10 years based on five risk factors: age, sex, smoking habit, sys-
tolic blood pressure, and the ratio of total cholesterol to HDL cholesterol.
This is the estimated probability (percentage chance) of developing CVD
over the next 10 years. Total CVD risk should be estimated for the person’s
current age group: < 50 years, 50–59 years, or 60 years. A total CVD risk of
20% over 10 years is defined as “high risk” and requires professional lifestyle
intervention and, where appropriate, drug therapies to achieve the lifestyle
and risk-factor targets. Numerous methods [14] to calculate a patient’s
absolute cardiovascular risk have been described (Table 1).
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For people with established atherosclerotic CVD, hypertension with tar-
get-organ damage, familial dyslipidemias such as familial hypercholes-
terolemia, or diabetes, formal risk estimation is not necessary since all of
them are at high total CVD risk.

The Targets in CVD Prevention

Lifestyle

Lifestyle intervention, i.e., to discontinue smoking, make healthier food
choices, increase aerobic physical activity, and achieve optimal weight and
weight distribution, is central to CVD prevention  in all high-risk individu-
als. Involvement of the entire family may be helpful, together with communi-
ty resources. Lifestyle measures consist of:
• Maintaining normal weight for adults (body mass index 20–25 kg/m2)
• Reducing salt intake to < 100 mmol/day (< 6 g NaCl or < 2.4 g Na+/day)
• Limiting alcohol consumption to 3 units/day for men and 2 units/day for

women
• Engaging in regular aerobic physical exercise (brisk walking rather than

weightlifting) for 30 min per day, ideally on most of days of the week but
at least on 3 days of the week

• Consuming at least five portions/day of fresh fruit and vegetables
• Reducing the intake of total and saturated fat

Blood Pressure

The optimal blood pressure target is < 140 mmHg systolic and < 85mm Hg
diastolic. In selected higher-risk people (established atherosclerotic disease,
diabetes, and chronic renal failure) a lower blood-pressure target of < 130
mmHg and < 80mm Hg may be more appropriate. These targets can usually
be achieved with antihypertensive drugs prescribed at doses (and in combi-
nations) that were shown in clinical trials to be efficacious and safe. An
“audit standard” of < 150 mmHg systolic and < 90 mmHg diastolic is also
recommended. For higher-risk people with atherosclerotic disease, diabetes,
or renal failure, the recommended audit standard is < 140 mmHg systolic
and < 80 mmHg diastolic. However, these audit standards are considered to
be the minimum standard of care for this population. Wherever possible, the
optimal treatment targets should be achieved.
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Blood Lipids and Dyslipidemia

The optimal total cholesterol target is < 4.0 mmol/l and low density lipopro-
tein (LDL) cholesterol < 2.0 mmol/l, or a 25% reduction in total cholesterol
and a 30% reduction in LDL cholesterol, whatever results in the lowest
absolute value. HDL cholesterol and triglyceride values should also be con-
sidered in overall lipid management. Total and LDL cholesterol targets are
usually achieved with lipid-lowering drugs prescribed at doses shown to be
efficacious and safe in trials. An “audit standard” for total cholesterol of < 5.0
mmol/l (or a 25% reduction in total cholesterol) and for LDL cholesterol of <
3.0 mmol/l (or a 30% reduction in LDL cholesterol), whatever results in  the
lowest absolute level, is also recommended. This audit standard is considered
to be the minimum standard of care for all individuals at high risk.
Whenever possible, the optimal treatment targets should be achieved.

Blood Glucose and Diabetes

In all those at high risk, optimal fasting glucose is 6.0 mmol/l. If the non-fast-
ing glucose is < 6.1 mmol/l it does not need to be repeated. If it is 6.1 mmol/l
then fasting glucose should be measured for evidence of impaired glucose
regulation or new-onset diabetes. If this measurement is normal (6.0 mmol/l)
there is no need to repeat it. If it is abnormal (6.1–6.9 mmol/l) but not
indicative of diabetes (7.0 mmol/l), either it should be repeated on a separate
occasion or an oral glucose tolerance test (OGTT) should be administered. If
the second fasting glucose is still abnormal (6.1–6.9 mmol/l) the patient has
impaired fasting glycemia (IFG). If fasting glucose values are 7.0 mmol/l on
separate occasions, the diagnosis of diabetes is made regardless of symp-
toms. In the presence of diabetic symptoms (thirst, polyuria, and weight loss)
a fasting glucose 7 mmol/l on one occasion is considered diagnostic of dia-
betes. An OGTT is the only way to diagnose impaired glucose tolerance (IGT)
(2-h glucose 7.8 mmol/l but < 11.1 mmol/l) and is the conventional standard
for the diagnosis of diabetes mellitus (2-h glucose 11.1 mmol/l).

For individuals with impaired glucose regulation (either IFG or IGT) the
aim is to prevent progression to diabetes and CVD through lifestyle inter-
vention and, where appropriate, drug therapy. These patients should be fol-
lowed up annually to reassess glucose regulation and all other cardiovascular
risk factors. With a diagnosis of type 1 and 2 diabetes mellitus, rigorous con-
trol of glycemia is recommended with treatment.
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Conclusions

The enormous treatment opportunities available must be balanced against
the magnitude of the health challenges. Although heart attacks and strokes
are leading causes of death and disability, they represent only the tip of an
iceberg. Indeed, all societies that adopt an industrialized lifestyle have seen
the emergence of CVD risk factors on a mass scale. These modifiable risk
factors (i.e., smoking, unhealthy diet, and lack of physical activity) are
expressed as hypertension, diabetes, obesity, and high blood-lipid levels.
Together they contribute to the total cardiovascular risk and are the root
causes of the global CVD epidemic. Deaths mainly due to CVD and lung can-
cer are largely preventable. Although the relative importance of CVD risk
factors may vary in different populations, they account for 75% of the CVD
epidemic worldwide. Not only do we understand the causal pathways
between these risk factors and CVD, we have extensive evidence that, when
action is taken against the risk factors, the catastrophic consequences of this
rapidly growing problem can be avoided.
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Is Arterial Pressure Self-Measurement Better Than Ambulatory
24-Hour Pressure Monitoring?

CARLO FERNANDEZ

Hypertension is an important risk factor for cardiovascular disease, which is
the second leading cause of death in the world. The overall reduction of
absolute risk factors for cardiovascular disease is the therapeutic goal, with
blood pressure (BP) management being a key component. Thus, accurate
diagnosis and treatment of hypertension are necessary to improve a patient’s
prognosis [1]. The bulk of our knowledge about the risks of hypertension
and the benefits of treatment has been based on the traditional method of
taking a small number of BP readings with the auscultatory technique in
medical setting. However, such measurements, which are of enormous value
on a population basis, often provide a poor estimate of risk in an individual
patient for various reasons, such as poor technique of the observer, the
“white-coat” effect (the transient but variable elevation of BP in a medical
setting), and the inherent variability of BP [1, 2].

Any clinical measurement of BP may be regarded as a surrogate measure
for the “true” BP of the patient, which may be defined as the mean level over
prolonged periods. Two techniques have been developed to improve the esti-
mate of true BP: ambulatory monitoring and home monitoring (or self-
monitoring). In addition, the BP measurement techniques used to determine
whether a patient has hypertension have undergone substantial changes in
the past 30 years [3].

Self-measurement of BP at home can accomplish several of the advan-
tages of ambulatory BP monitoring, such as a greater number of readings, an
avoidance of the white-coat effect, and, when automated devices are used, an
absence of observer bias. Furthermore, self-measurement of BP may also
increase compliance with antihypertensive therapy and reduce the number
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of visits required for the diagnosis and treatment of hypertension [4, 5].
Nonetheless, self-measurement of BP at home can only become a useful
instrument in the management of hypertension if the technique is well-
standardized and complies with defined quality criteria. Most national and
international hypertension guidelines include recommendations for home
BP measurement. In principle, these guidelines are not different from those
of BP measurement in general, but some points deserve special attention [6].

Experts have not yet reached a general consensus about a standard proto-
col (how many measurements and on how many days) patients should follow
to measure their BP at home. In a recent editorial in the Journal of
Hypertension, Parati et al. [7] described two different methods to define the
most suitable schedule for home BP measurement, namely, a statistical
approach and a clinical approach. In the statistical approach, the repro-
ducibility and stability over time of home BP values and their relation with
ambulatory BP values are used as criteria for defining the best frequency of
home BP measurement. The clinical approach is based on the power of home
BP values to predict cardiovascular outcome, and the reproducibility of
home BP depends on the number of measurements. However, Brook [8]
reported that if the accuracy of the average home BP was determined by
agreement with average ambulatory BP values, the total number of measure-
ments and total duration of monitoring were not important and that most
benefits of home BP monitoring could be achieved by obtaining as few as
two home BP measurements on one day. The advantage of home BP monitor-
ing thus does not seem only to lie in the statistical advantages associated
with the availability of many measurements but also in obtaining informa-
tion on BP levels away from the clinical setting [7].

Ambulatory BP monitoring was first described more than 40 years ago.
The currently available ambulatory monitors are fully automatic and can
record BP for 24 h or longer, while patients go about their normal daily
activities. Most monitors use the oscillometric technique. They measure
about 4 x 3 x 1 inches (10 x 8 x 3 cm) and weigh about 4 pounds (2 kg). They
can be worn on a belt or in a pouch and are connected to a sphygmo-
manometer cuff on the upper arm by a plastic tube. Subjects are asked to
keep their arm still while the cuff is inflating and to avoid excessive physical
exertion during monitoring. The monitors are typically programmed to take
readings every 15–30 min throughout the day and night. At the end of the
recording period, the readings are downloaded into a computer. Standard
protocols are used to evaluate the accuracy of the monitors, and approved
devices are usually accurate within 5 mmHg of readings taken with a mer-
cury sphygmomanometer.
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Three types of clinically valuable information are provided by ambulato-
ry BP monitoring: an estimate of the true, or mean, BP level; the diurnal
rhythm of BP; and BP variability. Currently, clinical guidelines exist only for
estimating true, or mean, BP levels [4–6, 9].

The correlation coefficient between ambulatory measurements and clini-
cally based measurements of BP is usually about 0.5–0.7, but the relationship
is such that at low clinical BP levels the ambulatory blood pressure is higher,
and at high clinical BP levels the ambulatory blood pressure is lower [2]. The
daytime level of ambulatory BP that is usually considered the upper limit of
normal is 135/85 mmHg [6]. This cut-off is reasonable because it corre-
sponds approximately to a clinical blood pressure of 140/90 mmHg; further-
more, it is the threshold above which cardiovascular risk appears to increase
markedly [10]. Evaluation of the time course of BP over a 24-h period can be
achieved only with the use of ambulatory BP monitoring.

Subjects with normotension have a pronounced diurnal rhythm of BP
[11]. During the first few hours of sleep, BP falls to its lowest level while in
the morning there is a marked surge that coincides with the transition from
sleep to wakefulness. The average difference between waking and sleeping
systolic and diastolic pressure is 10–20%. Patients with hypertension usually
have the same pattern, but the diurnal profile of BP is set at a higher level
[10]. In some subjects, whether they have normotension or hypertension, the
normal nocturnal fall of BP is diminished (< 10%). This is referred to as a
nondipping pattern, in contrast to the normal dipping pattern. In extreme
cases (patients with autonomic insufficiency), BP rises during the night. The
nondipping pattern is common in blacks but also has multiple causes, such
as a high level of activity during the day, poor quality of sleep, highly active
sympathetic nervous system, use of glucocorticoids, and the presence of
renal disease. Nondipping has been proposed as one reason why blacks are at
higher risk for cardiovascular disease than are members of other races or
ethnic groups.

There are many different ways of measuring BP, ranging from beat-to-
beat changes to changes over periods of weeks or months [12]. Since the
readings are taken intermittently, ambulatory BP monitoring can yield only a
crude estimate of the true variations of BP, rather than the changes related to
sleep vs wakefulness. The clinical significance of BP variability remains
uncertain.

One trial comparing ambulatory BP with conventional clinical BP includ-
ed patients whose hypertension had been treated at the time of the initial
measurements [13]. Most such studies, however, have included patients
whose hypertension was untreated at the time of the initial measurements
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but was treated according to the clinical BP during the follow-up period,
which ranged from 2 to 8 years. The general finding has been that cardiovas-
cular events are more accurately predicted with ambulatory BP than with
clinical blood pressure [14, 15].

In addition, the majority of the studies used some measure of the mean
level of ambulatory BP as the predictor variable, but it remains uncertain
which component of the 24-h BP profile gives the best prediction of risk. The
most widely used has been the mean 24-h BP. Many studies have compared
the predictive value of daytime BP with that of night-time pressure; some
have shown no difference, whereas others have reported that the best predic-
tion of risk comes from night-time BP.

The main clinical indications for ambulatory blood-pressure monitoring
(ABPM) is the diagnosis of white-coat hypertension. This requires the
demonstration that the patient’s BP is normal outside the clinic, which can
be established using self blood-pressure monitoring (SBPM) and confirmed
by ABPM. Even though ABPM may save drug costs in patients with white-
coat hypertension, its use may also lead to increased drug expenditure in
others in whom it demonstrates suboptimal BP control. SBPM has the poten-
tial to reduce the number of clinical visits and also to improve BP control.
The ultimate validation of these two procedures will depend on whether
either one can prevent cardiovascular morbidity. There have been sugges-
tions that a nondipping pattern of nocturnal BP may carry a poor prognosis,
but this may apply only to certain disease end-points. The greater recogni-
tions of the relevance of dipping status should provide an additional stimu-
lus to the use of ABPM and SBPM. Moreover, it is anticipated that hyperten-
sion will eventually be managed by the “virtual hypertension clinic,” in
which ABPM is used for the initial diagnosis and SBPM, through electronic
linkage between the patient and the health-care provider, for maintenance
and follow-up [16].

Twenty-four-hour ABPM has emerged as an important tool supporting
physicians in the diagnosis and management of arterial hypertension com-
pared with office measurements and self-measurements; however, it shows
the lowest patient acceptance. Nonetheless, a number of interacting factors
have resulted in the increased clinical use of ABPM and SBPM. These include
the phasing out of mercury, evidence of the unreliability of clinically based
measurements, technical advances in automated BP measurement, increasing
evidence that out-of-office measurements give the best risk assessment, and
gradual recognition by insurance providers of the clinical utility of ABPM
and SBPM. Both techniques have been endorsed by the two major guidelines
for managing hypertensive pat ients (World Health Organizat ion,
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International Society of Hypertension and Join National Committee VI). The
use of SBPM has grown enormously over the past few years, mostly because
of direct sales to patients. Although SBPM may give a better estimate of the
true BP than obtained with clinical readings, there are concerns about the
accuracy of the monitors in individual patients.

The following situations are considered to indicate the use of ABPM:
1. Labile hypertension. This is something of a misnomer because all

hypertension is labile. However, ABPM may prove helpful in some patients
with a history of paroxysmal hypertension.

2. Resistant hypertension. An exaggerated white-coat effect may be
suspected in some patients whose clinic BP remains high even though they
are taking three or more antihypertensive drugs.

3. Masked hypertension. Recently, interest has increased in the phe-
nomenon of masked hypertension, defined as a normal clinical BP and a
high ambulatory BP. This condition is the reverse of white-coat hyperten-
sion. The clinical BP levels of patients with masked hypertension may under-
estimate the risk of cardiovascular events. A study of patients with treated
hypertension showed that about one-third of those seen in a hypertension
clinic had masked hypertension, and over a 5-year follow-up period their rel-
ative risk of cardiovascular events was 2.28 times higher than that of patients
whose BP was adequately controlled according to the criteria for both clini-
cally based and ambulatory BP measurements [17].

4. Postural hypotension. This is a not uncommon finding in older
patients who become dizzy when standing for long periods and who may
also have syncopal episodes. The BP of patients with postural hypotension is
unusually labile and depends on their body position. When such patients are
supine, their BP may be quite high, particularly during the night [18].
Treatment with vasopressor drugs and antigravity stockings is a compromise
between permitting the BP to go too low and making it go too high.
Therefore, in these patients, ABPM is essential for evaluating optimal BP
control.

Conclusions

Currently, ABPM is used only in the minority of patients with hypertension,
but its use is gradually increasing. Compared with isolated clinically based
measurements, ABPM provides insight into BP changes in everyday life.

Cross-sectional evidence suggests a direct and significant relationship
between ambulatory BP and organ damage. There is also longitudinal evi-
dence for a superior predictive value of 24-h ambulatory BP in relation to the
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risk for cardiovascular morbidity and mortality as opposed to clinical BP.
Ambulatory monitors are reliable, reasonably convenient to wear, and

generally accurate. Ambulatory monitoring can be regarded as the gold stan-
dard for the prediction of risk related to BP, since prognostic studies have
shown that it predicts clinical outcome better than conventional BP mea-
surements. Therefore, a good case can be made for using this technique in all
patients in whom hypertension has been newly diagnosed by means of clini-
cal BP measurements. The role of ABPM for diagnosing masked hyperten-
sion is uncertain.

The usefulness of ABPM in pharmacologic studies aimed at evaluating
the 24-h antihypertensive efficacy of different drugs and drug combinations
is now acknowledged. Among the mathematical indices available to explore
24-h BP coverage by treatment, the ABPM-derived smoothness index pro-
vides a superior measure of the homogeneity of BP control compared with
episodic peak ratios. The main applications of this technique in clinical
practice should be: (1) in identifying patients with isolated office hyperten-
sion and those who are nonresponders to treatment, (2) in assessing cover-
age of the 24-h BP profile in high-risk patients, and (3) in diagnosing sus-
pected treatment-related hypotension.

Although ambulatory monitoring is relatively expensive compared with
other methods of measuring BP, its ability to diagnose white-coat hyperten-
sion may reduce health-care costs. ABPM is also invaluable for assessing the
efficacy of antihypertensive treatments and should be included in studies
designed to compare the effects of various drugs.

Night-time blood pressure can be assessed only with ABPM, and evidence
suggests that a failure of BP to decrease at night is associated with an adverse
prognosis. Also unresolved is the extent to which ABPM can be supplanted
by home monitoring – an aspect that was not included in most of the studies
documenting the superiority of ambulatory monitoring over traditional
clinical BP measurements.

In some hypertensive patients on adequate antihypertensive treatment
there is a significant difference between clinical and ambulatory BP mea-
surements. This difference (white-coat effect) is greater in elderly patients
and in men. Although clinical BP values in these patients are significantly
increased, the majority have controlled BP on ambulatory monitoring. In
this population, ABPM has been of great value to identify a misdiagnosis of
refractory hypertension, which could lead to improper decisions in the ther-
apeutic management of elderly patients (increasing treatment) and compro-
mise cerebrovascular or coronary circulation.
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Role of Angiotensin-Receptor Blockers in the Prevention of
Cardiovascular Risk: Clinical Guidelines
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Introduction

The development and progression of cardiovascular disease can be regarded
as a continuum (Fig. 1) [1]. Targeting different points within this continuum
is therefore of major importance for reducing cardiovascular morbidity and
mortality. Inhibition of the renin-angiotensin-aldosterone system (RAAS)
has become a key target in this regard, given that angiotensin II (Ang II) has
been implicated as a pathogenic factor at many steps in the development and
progression of cardiovascular disease [2, 3].

Department of Internal Medicine, Cardiovascular & Immunological Sciences, Federico
II University, Naples, Italy

Fig. 1. The cardiovascular continuum showing key clinical trials with angiotensin
receptor. Reproduced from [2], with permission



Current Evidence for the Prevention of Cardiovascular Risk with
Angiotensin-Receptor Blockers

Patients with Hypertension

Three clinical trials have investigated the cardioprotective effects of
angiotensin-receptor blockers (ARBs) in patients with hypertension. The
Valsartan Antihypertensive Long-Term Use Evaluation (VALUE) trial com-
pared valsartan (80–160 mg ± diuretic) with amlodipine (5–10 mg ± diuret-
ic) in more than 15,000 patients with hypertension who were at high risk for
a cardiac event. Even though amlodipine-based treatment resulted in a
greater reduction in blood pressure (BP) in the early stages of the trial, the
primary endpoint (a composite of cardiac mortality and morbidity) was not
significantly different between the treatment groups at 66 months of follow-
up [4]. The Losartan Intervention For Endpoint reduction in hypertension
(LIFE) trial demonstrated the advantage of losartan, titrated to 100 mg once
daily, compared with atenolol for reducing the composite endpoint (most
notably stroke), despite similar BP reductions. Moreover, losartan induced a
greater reduction of left ventricular mass than atenolol [5]. Similar findings
have been observed for other ARBs, including valsartan and irbesartan [5].
These results indicate that the cardioprotective benefits of ARBs extend
beyond BP reduction alone [6]. In addition, a subgroup analysis of hyperten-
sive patients with left ventricular hypertrophy (LVH) who did not have clini-
cally evident vascular disease showed that losartan was more effective than
atenolol in preventing cardiovascular morbidity and death, with no differ-
ence between treatment groups regarding the lowering of BP. Similar to the
reduction in stroke among the entire LIFE study sample, losartan reduced
the rate of fatal and nonfatal stroke by 34% in this analysis [7]. Another
recently published study compared the effectiveness of losartan vs atenolol
for regression of LVH in patients enrolled in the LIFE study [8]. After a 6-
month follow-up, losartan resulted in greater regression of LVH according to
electrocardiographic criteria than did atenolol [9].

Prevention of Diabetes

As with the ACE inhibitors, the ARBs are known to exert positive metabolic
effects. Also like the ACE inhibitors, initial evidence of the effects of ARBs on
new-onset diabetes came from studies in which these drugs were compared
with conventional therapies. At the end of the LIFE study, there was a 25%
risk reduction in new-onset diabetes in patients in the ARB arm compared
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with those in the beta-blocker arm [10]. In the Antihypertensive Treatment
and Lipid Profile, a North of Sweden Evaluation (ALPINE), patients were ran-
domized to receive either candesartan (16 mg) or hydrochlorothiazide
(HCTZ; 25 mg), and both regimens reduced blood pressure effectively.
However, fasting levels of both serum insulin and plasma glucose increased
in HTCZ-treated patients but remained unchanged in the candesartan-treat-
ed group, and significantly more patients in the HCTZ group were diagnosed
with diabetes during follow-up [11]. Additional evidence of the anti-diabetic
effects of ARB therapy came from the VALUE study, in which, after a mean of
4.2 years, new-onset diabetes was diagnosed in significantly fewer patients in
the valsartan group than in the amlodipine group [12]. Similar to ALLHAT,
which compared an ACE inhibitor with amlodipine, the results from VALUE
suggested that the reduced incidence of diabetes associated with ARB was
due to a positive effect on metabolic control rather than a negative effect of
the comparator amlodipine, as this drug is considered metabolically neutral.
More recently, the Candesartan in Heart Failure-Assessment of Reduction in
Mortality and Morbidity (CHARM) program included the reduction of new-
onset diabetes in heart failure (HF) patients treated with candesartan com-
pared with placebo as a prespecified secondary endpoint. After 3.5 years,
patients who received candesartan had a significant reduction in relative risk
of developing diabetes compared to placebo. The reduction in new-onset
diabetes was even greater among patients in the CHARM-Preserved trial
[13]. The Study on Cognition and Prognosis in the Elderly (SCOPE) also
reported a 25% relative risk reduction in new-onset diabetes with candesar-
tan compared with placebo [14]. Although this finding did not achieve statis-
tical significance, it does, nevertheless, provide further support that ARBs
can help to reduce the risk of diabetes in high-risk patients, such as those
with hypertension. However, the recent disappointing results of the DREAM
trial, which was specifically designed to test the anti-diabetic hypothesis of
ACE-inhibitor therapy, raised caution about a significant anti-diabetic action
of these drugs [15].

Renoprotective Activity of ARBs

Agents that delay the progression of renal disease are likely to be cardiopro-
tective by lessening the systemic consequences of renal dysfunction [16]. A
number of recent clinical studies with ARBs reported renal benefits in
patients with type 2 diabetic nephropathy. The beneficial effects on microal-
buminuria and renal function went beyond those attributed to the decrease
in BP alone. The Irbesartan in Patients with Type 2 Diabetes and
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Microalbuminuria 2 (IRMA-2) trial, which compared irbesartan to placebo,
demonstrated a reduction in relative risk of diabetic nephropathy in the
irbesartan group. The Irbesartan Diabetic Nephropathy Trial (IDNT), in
which patients were randomized to receive either irbesartan or amlodipine
or placebo, reported a reduced lower risk with irbesartan therapy of dou-
bling serum creatinine concentration and developing end-stage renal disease
(ESRD) [17]. In the Microalbuminuria Reduction with Valsartan (MARVAL)
trial, there was a greater reduction in baseline urinary albumin excretion
rate with valsartan than with amlodipine [18]. The Reduction of Endpoints in
Non-Insulin-Dependent Diabetes Mellitus with the Angiotensin II Antagonist
Losartan (RENAAL) trial, in which patients were randomized to receive
either losartan or placebo, demonstrated a reduction in the doubling of
serum creatinine concentration, onset of ESRD, and in risk of primary com-
posite endpoint by losartan. The trial also reported a significant reduction in
the pre-specified secondary endpoint of new HF development in diabetic
nephropathic patients [19]. The COOPERATE trial tested trandolapril, losar-
tan, or both and demonstrated that an ARB in addition to ACE-inhibitor
therapy is more renoprotective than either ARBs or ACE inhibitors alone in
patients with non-diabetic renal disease [20].

ARBs and Heart Failure

Recent clinical studies have evidenced improvements in morbidity and mor-
tality by treating HF with ARBs in addition to conventional therapy. The
Valsartan Heart Failure Trial (Val-HeFT), with primary endpoints of all-
cause mortality and cardiovascular morbidity, compared valsartan to place-
bo [21]. This was the first study demonstrating a significant benefit of com-
bination therapy, mostly driven by a reduced number of hospitalizations.

Most recently, in the CHARM trials, candesartan reduced both all-cause
mortality and composite endpoint of cardiovascular mortality and hospital-
ization for HF. The trial consisted of three separate studies with the same
protocol conducted in different but complementary populations. All patients
recruited to the study had symptomatic HF, but those in the CHARM-
Alternative had a LVEF ≤ 40% and were ACE-inhibitor intolerant, those in
CHARM-Added also had LVEF ≤ 40% but were treated with ACE inhibitors,
and patients recruited to CHARM-Preserved had LVEF > 40% [13]. Above
all, these last two studies demonstrated the clinical efficacy of ARBs in
decreasing morbidity and mortality in patients with HF and led to the intro-
duction of ARB therapy indication in recently released HF guidelines [22].
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ARBs in Patients After Myocardial Infarction

Left ventricular dysfunction and HF are common complications of myocar-
dial infarction (MI) and place patients at high risk for cardiovascular mor-
tality. The VALIANT results demonstrated the statistical non-inferiority of
valsartan vs captopril in these high-risk patients, but also – unlike in
patients with chronic HF – no advantage of combination therapy [23]. In
contrast, the Optimal Trial in Myocardial Infarction with the Angiotensin II
Antagonist Losartan (OPTIMAAL) trial demonstrated a non-significant dif-
ference in total mortality in favor of captopril, although losartan was better
tolerated [24]. Current guidelines recommend the use of ARBs, specifically
valsartan and candesartan, as an alternative to ACE inhibitors in high-risk,
post-MI patients [25].

ARBs and Atrial Fibrillation

Secondary analysis of the findings of the LIFE and CHARM trials evidenced
that losartan and candesartan reduced the incidence of atrial fibrillation
(AF) in hypertensive patients with LVH and symptomatic HF, respectively
[26–28]. These results, together with the favorable safety profiles of these two
drugs compared with anti-arrhythmic agents, suggest a role for ACE
inhibitors or ARBs in the primary prevention of initial or recurrent episodes
of AF associated with hypertension, MI, HF, or diabetes mellitus. An
overview of 11 clinical trials involving more than 56,000 patients with differ-
ent underlying cardiovascular diseases suggested that ACE inhibitors or
ARBs can reduce the occurrence and recurrence of AF [28]. Additional
prospective research is ongoing to determine the impact of ACE inhibitors or
ARBs in reducing AF occurrence.

Cardiovascular Risk and ARBs: Future Perspectives

Prevention of new-onset diabetes is currently under further investigation in
the Nateglinide and Valsartan in Impaired Glucose Tolerance Outcomes
Research (NAVIGATOR) trial. This study compares valsartan to nateglinide
with the aim of evaluating the development of type 2 diabetes and cardiovas-
cular disease in people with impaired glucose tolerance who are at high car-
diovascular risk [29].

Two ongoing studies are examining the use of ARBs in patients at high
risk of cardiovascular disease. The Ongoing Telmisartan Alone and in
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Combination with Ramipril Global Endpoint Trial (ONTARGET) compares
telmisartan monotherapy, ramipril monotherapy, and combination therapy
with telmisartan plus ramipril. In a parallel study, patients who are unable to
tolerate an ACE inhibitor will be randomized to receive either telmisartan or
placebo (the Telmisartan Randomized Assessment Study in ACE-Intolerant
Patients with Cardiovascular Disease, TRANSCEND). The primary endpoint
in each trial is a composite of cardiovascular death, MI, stroke, and hospital-
ization for HF [30, 31].

Other ongoing trials include Irbesartan in Heart Failure with Preserved
Systolic Function (I-PRESERVE) and the Diabetic Retinopathy Candesartan
Trials (DIRECT) [32, 33]. In particular, the I-PRESERVE study is currently
enrolling patients with chronic HF and preserved systolic function (ejection
fraction ≥ 45%), a patient population for which fewer data are available. The
primary aim of the study is to evaluate whether irbesartan is superior to
placebo (i.e., existing therapy) for reducing mortality and morbidity. In con-
trast, DIRECT has been designed to examine the efficacy of candesartan for
primary and secondary prevention of diabetic retinopathy in normoalbu-
minuric, normotensive patients with type 1 diabetes. This trial will also
examine secondary prevention in normoalbuminuric, normotensive or treat-
ed patients with type 2 diabetes and hypertension [33].

Ongoing trials will determine the impact of the use of ACE inhibitors or
ARBs in patients with AF. The irbesartan arm of the Atrial Fibrillation
Clopidogrel Trial with Irbesartan for Prevention of Vascular Events (ACTIVE-
I) trial will randomize 9,000 patients with a history of AF, with or without a
history of hypertension, to receive an ARB, irbesartan, or placebo. A sub-
study of this trial will examine the effects of irbesartan on the recurrence of
paroxysmal AF [34]. Finally, the Gruppo Italiano per lo Studio della
Sopravvivenza nell’Infarto Miocardico Atrial Fibrillation (GISSI-AF) will
evaluate the addition of valsartan to standard therapy or placebo (i.e., stan-
dard therapy) in reducing the recurrence of AF [35].
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New Evidence about the Beneficial Effects of Angiotensin-
Receptor Blockers on the Heart and the Kidney

CLAUDIO BORGHI1, MARCO MANCA2

Introduction

Historically, renal dysfunction has been considered separately from the car-
diovascular risk profile, and has been treated as such. In particular, cardiolo-
gists, concerned with treating the heart and vasculature, did not routinely
consider the impact of disturbed renal function on the progression toward
cardiac events. However, the landscape of cardiovascular disease has changed
dramatically in recent years, most notably with the publication in 2003 of a
joint statement by a panel of cardiologists and nephrologists illustrating the
importance of kidney disease as a risk factor for the development of cardio-
vascular disease [1]. Recent evidence clearly showed that both microalbu-
minuria and glomerular filtration rate (GFR), even in the very earliest and
otherwise asymptomatic stages of renal disease, are risk factors for cardio-
vascular disease, and there are numerous links between renal dysfunction
and other common risk factors.

Microalbuminuria is surprisingly prevalent, even in patients without
common comorbidities that are conventionally thought to cause nephropa-
thy, and is strictly linked to many important cardiovascular end points. For
instance, of the 1,499 participants without diabetes or hypertension in the
Framingham Heart Study, 15% developed hypertension and 33% progressed
to a high blood pressure category over the 2.9-year follow-up period. After
adjusting for other risk factors, patients in the highest quartile of baseline
urinary albumin-to-creatinine ratio had a 2.2-fold higher risk of developing
new hypertension and a 1.5-fold higher risk of hypertension progression
than those in the lowest quartile.

1Unit of Internal Medicine, Department of Clinical Medicine and Applied
Biotechnology, University Hospital St. Orsola, Bologna; 2Descovich Atherosclerosis and
Metabolic Disease Study Centre, Department of Clinical Medicine and Applied
Biotechnology, University Hospital St. Orsola, Bologna, Italy



One of the most important studies of the natural course of microalbu-
minuria and its relation to renal and cardiovascular disease is the Prevention
of Renal and Vascular End-Stage Disease (PREVEND) study, which collected
postal questionnaires and morning urine samples from > 40,000 residents of
the Dutch city of Groningen [2]. Although 7.2% of residents had microalbu-
minuria (20–200 mg/l) and 0.2% had macroproteinuria (> 200 mg/l), a fur-
ther 16.6% had high-normal albuminuria (10–20 mg/l). In other words, near-
ly 25% of the population had increased urinary albumin excretion rates,
despite the fact that in this population the prevalence of diabetes was only
2.6% and that of hypertension was 11.2%. The high prevalence of high-nor-
mal albuminuria is a concern because it has been shown that the cardiovas-
cular risk due to albuminuria is continuous.

Inhibition of the renin-angiotensin system (RAS) by administration of an
angiotensin-receptor blocker (ARB) reduces blood pressure (BP) in hyperten-
sive patients [3]. ARBs also slow the progressive decline in renal function that
marks renal injury, particularly in patients with diabetic nephropathy [4, 5].
The renoprotective effects of these drugs relate, in part, to their capacity to
moderate protein excretion [6]. ARB therapy has been shown to decrease the
cardiovascular event rate in high-risk cardiac patients [7, 8]. Moreover, ARBs
are of proven benefit in systolic forms of heart failure (HF) [9].

Effects on the Kidneys

Angiotensin-II-receptor blockers have been repeatedly shown to reduce mi-
croalbuminuria and proteinuria to a greater degree than expected from their
effect on blood pressure alone. This has been well-documented for patients with
diabetes [4, 5, 10] (although not so well-documented in nondiabetic individu-
als); thus, ARBs are an established first-line treatment for diabetic kidney dis-
ease or kidney disease with significant proteinuria [11]. However, several issues
demand further investigation, one of the most important being establishment
of the optimal dose. Data from animal models have suggested that the doses of
ARBs required for full renal protection are greater than those required for
maximal lowering of blood pressure. In Sprague–Dawley rats subjected to
subtotal surgical renal ablation, subsequent treatment with high-dose enalapril
(48 mg/kg, equivalent to a dose of approximately 3 g in humans) significantly
reduced the resultant glomerulosclerosis and tubulointerstitial and vascular
damage [12]. Not only was renal damage reduced compared with untreated con-
trols, but it was also reduced compared with baseline (i.e., 4 weeks after renal
ablation), suggesting that appropriately high doses of ARBs may even have the
potential to reverse preexisting glomerulosclerosis.
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Some evidence of the renoprotective effects of high-dose ARB treatment
has come from clinical studies. The Irbesartan in Patients with Type 2
Diabetes and Microalbuminuria (IRMA-2) trial compared irbesartan (150 or
300 mg daily) with placebo in 590 patients over a 2-year period [13]. Both
irbesartan doses significantly reduced the progression to overt proteinuria
compared with placebo. However, the percentage of patients who progressed
to proteinuria with the higher dose (5.2%) was almost 50% of that in the
lower-dose arm (9.7%), despite the fact that mean arterial BP reductions
were almost identical in the two groups. Similar effects were seen in the
mean urinary albumin excretion rate (UAER), which was reduced by 34% in
the low-dose arm and 60% in the high-dose arm.

Higher doses of ARBs may have a progressive effect that takes months to
be fully manifested. In one study, 78 patients with nondiabetic hypertensive
and proteinuric chronic nephropathy received telmisartan (80 mg) either
once daily (which is the dose that produces maximal reduction in BP) or
twice daily for 18 months, with all patients remaining in the study for ≥ 12
months [14]. At 6 months, both groups had a similar reduction in protein-
uria. However, there were further reductions in the high-dose group by
month 12, with the result that total reduction was significantly greater than
in the lower-dose group. BP control was similar in the two groups.

If ARBs truly do reduce the progression of kidney disease independently
of their hemodynamic effects, then treatment withdrawal should be accom-
panied by at least partial maintenance of the effects. Such an analysis was
conducted in IRMA-2, in which patients were followed for 1 month after
withdrawal of treatment [13]. In the placebo and irbesartan 150-mg and 300-
mg groups, BP returned to baseline values during this follow-up period, and
albuminuria in the placebo and irbesartan 150-mg arms increased to
approximately 10% greater than baseline [15]. In the 300-mg arm, however,
albuminuria was still 47% lower than baseline 1 month after treatment dis-
continuation, strongly suggestive of prolonged, non-hemodynamic effects.

In patients with diabetes, blockade of the RAS reduced not only the level
of microalbuminuria but also the risk of developing new-onset microalbu-
minuria compared with other antihypertensives. In the subset of 1,195
patients with type 2 diabetes in the Losartan Intervention for Endpoint
Reduction in Hypertension (LIFE) study, new-onset albuminuria (identified
as albuminuria reported as an adverse event during the study period)
occurred in 7% of patients in the losartan arm compared with 13% of
patients in the atenolol arm [7]. More recently, in the Bergamo Nephrologic
Diabetes Complications Trial (BENEDICT) of patients with hypertension,
type 2 diabetes, and normalbuminuria, 6% of the trandolapril arm pro-
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gressed to persistent microalbuminuria, compared with 10% of patients in
the placebo arm and 11% of patients in the verapamil arm [16].

Effects on the Heart

Persistent morbidity and mortality benefits of chronic angiotensin-convert-
ing enzyme (ACE) inhibition have established ACE inhibitors as the first-line
therapy for patients with reduced left ventricular function and symptoms of
HF in both acute infarction and chronic HF patients. The concept that more
complete inhibition of the RAS system by blocking angiotensin II receptors
might lead to similar or further benefits provided the rationale for clinical
trials with ARBs, such as OPTIMAAL [17], ELITE II [18], Val-HEFT [19],
CHARM [20], and VALIANT [21].

The first trial to directly compare an ARB with an ACE inhibitor in HF
patients was the Evaluation of Losartan in the Elderly (ELITE) trial [22],
which compared the potential renal benefits of an ARB with an ACE
inhibitor in elderly patients with HF. Approximately 700 patients were ran-
domized to losartan (50 mg daily) or to captopril (50 mg three times daily).
While no benefit in terms of renal function was observed in either arm,
there was a statistically significant and unexpected mortality benefit in
patients receiving losartan, albeit with a small number of events in each
group. Despite the initial enthusiasm regarding these findings, this study was
clearly underpowered to assess mortality. The subsequent and properly pow-
ered Evaluation of Losartan in the Elderly (ELITE) II study failed to show a
benefit of losartan in reducing mortality or morbidity in HF patients, with a
slight non-significant benefit to patients in the captopril group. While these
findings provided no support for the notion that angiotensin-receptor block-
ade was superior to ACE inhibition in the treatment of HF, many clinicians
criticized this study for using too low a dosage (50 mg daily) of losartan.

In contrast to ELITE II, the Val-HeFT study compared the ARB valsartan
with standard therapy in HF patients. The majority of patients enrolled in Val-
HeFT (92%) were already on ACE inhibitors. Val-HeFT demonstrated no mor-
tality benefit, but a reduction in a combined endpoint of morbidity and mor-
tality that was primarily driven by a reduction in HF-related hospitalization.

In the subset of patients not receiving ACE inhibitors in VALIANT, there
was a substantial mortality benefit associated with valsartan. Val-HeFT, how-
ever, raised concerns about an increase in adverse outcomes in those patients
receiving the combination of an ARB, an ACE inhibitor, and a beta-blocker
simultaneously. This is a concern that would linger until the results of
CHARM and VALIANT.
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The CHARM program studied the benefits of candesartan in a broad
range of chronic HF patients. The study consisted of three component trials:
CHARM-Alternative [9], which enrolled patients with symptomatic HF and
left ventricular dysfunction who were intolerant to ACE inhibitors; CHARM-
Added [23], which enrolled symptomatic HF and left ventricular dysfunction
patients who were already taking optimal doses of ACE inhibitors; and
CHARM-Preserved [24], which enrolled patients with symptomatic HF but
with preserved (LVEF > 40%) systolic function.

In CHARM-Alternative, candesartan reduced the primary endpoint of
cardiovascular mortality and HF-related hospitalizations by 23% (p <
0.0001) in patients with left ventricular systolic dysfunction and intolerance
to ACE inhibitors. In CHARM-Added, which enrolled patients already on
optimal doses of ACE inhibitors, the composite endpoint was reduced by
14% (p < 0.01).

CHARM-Preserved demonstrated a non-significant trend towards
improved outcome in patients with symptomatic HF and preserved systolic
function. Importantly, patients enrolled in CHARM-Added who received the
combination of ARB, ACE inhibitor, and beta-blockers had better outcomes
than patients receiving ARB and ACE inhibitors but without beta-blockers.

These findings, along with similar lack of concern regarding “triple” ther-
apy in VALIANT, helped to allay many of the fears raised by the VAL-HeFT
results. Thus, the CHARM studies suggested a benefit of ARB therapy both in
HF patients who are intolerant to ACE inhibitors and in patients already
receiving optimal doses of ACE inhibitors.

In myocardial infarction patients, ARBs have been tested in two large out-
come studies. The Optimal Trial in Myocardial Infarction with Angiotensin II
Antagonist Losartan (OPTIMAAL) was designed similarly to ELITE II, and
compared losartan (50 mg daily) with captopril (50 mg three times daily) in
patients with high-risk myocardial infarction. Similarly to the findings of
ELITE II, OPTIMAAL failed to show a benefit of losartan over the ACE
inhibitor at that dose. Patients treated with losartan (50 mg) had a border-
line increase in mortality (odds ratio [OR] 1.13, 95% confidence interval [CI]
0.99–1.28, p < 0.069) and significant increase in cardiovascular death (OR
1.17, 95% CI 1.10–1.34, p < 0.032). As was the case with ELITE II, this study
was criticized because of the low dose of losartan administered.

In contrast to the head-to-head approach of OPTIMAAL, the Valsartan in
Acute Myocardial Infarction Trial (VALIANT) tested the hypothesis that the
ARB valsartan, either alone or in combination with captopril, would be bet-
ter than captopril alone at reducing mortality following myocardial infarc-
tion. In addition, VALIANT was designed as a non-inferiority trial, and was
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powered to determine whether valsartan, if not superior to captopril, would
be non-inferior to captopril in reducing morbidity and mortality after
myocardial infarction. VALIANT enrolled 14,703 patients who were random-
ized to valsartan (160 mg twice daily), captopril (50 mg three times daily) or a
combination of captopril (50 mg three times daily) and valsartan (80 mg
twice daily). VALIANT showed no differences among the three treatment
arms, with virtually superimposable mortality curves. Nevertheless, VALIANT
was able to effectively test the non-inferiority hypothesis and demonstrated
that valsartan was as effective as captopril in reducing mortality.

Conclusions

The studies discussed above demonstrated clearly that microalbuminuria is
an important cardiovascular and renal risk factor. In patients with microal-
buminuria, RAS blockade is an effective tool to reduce cardiovascular risk.
For these reasons, estimation of albuminuria will certainly become an
important component of cardiovascular risk profiling.

Common pathologic mechanisms underlie the progression of cardiovas-
cular and renal damage. This fact, coupled with evidence that renal damage
can precipitate cardiovascular damage, reinforces the importance of target-
ing early renal disease with appropriate therapy in order to reduce the preva-
lence of cardiovascular disease. As succinctly summarized by de Zeeuw et al.,
we should “treat the kidney to protect the heart” [25] or, better, we should
treat them both at once, as a logical and clinical unit. Clinical studies demon-
strating sustained efficacy and tolerability identify ARBs as a rational choice
of antihypertensive therapy for the prevention of stroke, chronic heart dis-
ease, and target-organ damage in a wide range of patients. Furthermore, sev-
eral large-scale, prospective controlled trials revealed that ARBs simultane-
ously confer both cardiovascular and renal protective effects, beyond their
ability to lower BP. By utilizing the large body of accumulated evidence,
practitioners can deliver meaningful benefits to their patients in terms of
survival, prognosis, and quality of life.
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Lercanidipine, Enalapril, and Their Combination in the
Treatment of Elderly Hypertensive Patients
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Introduction

Several trials have shown that hypertensive patients whose blood pressure
(BP) is brought under control (< 140/90 mmHg) have significantly fewer car-
diovascular events than patients whose BP remains uncontrolled [1].
However, despite the availability of multiple antihypertensive drugs, BP is
difficult to control, especially systolic BP and in elderly patients [2]. In most
clinical trials aimed at controlling BP, more than two antihypertensive drugs
are almost always required. The importance of combination therapy has
been emphasized in current guidelines [3]. Adding a second antihyperten-
sive drug may be a better option in non-controlled patients than switching to
a different drug or increasing the dose of the first compound.

Aim

In this study, we tested the hypothesis that combination therapy with ler-
canidipine [4], a lipophilic dihydropyridine calcium antagonist with long
duration of action, and enalapril [5] is more effective than either drug alone
in reducing 24-h systolic BP in hypertensive elderly patients.

Methods

Patients aged 60–85 years with an office systolic BP (SBP) of 160–179 mmHg, an
office diastolic BP (DBP) < 110 mmHg and a mean daytime SBP > 135 mmHg 
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Compostela, Spain; 3Kaisaniemen Lääkariasema Oy, Helsinki; 4Keravan Lääkärikeskus,
Kerava, Finland; 5Medical Department, Recordati S.p.A., Milan, Italy



were included in the study. Patients with severe hypertension, diabetes melli-
tus, or prior cardiovascular events were excluded because the study design in-
volved the administration of placebo for 4 weeks.

This was a randomized, double-blind, placebo-controlled, four-way cross-
over study, balanced for first-order carry-over. Four centers participated, two
in Finland and two in Spain. After a 2-week run-in period, eligible patients
were randomly assigned to receive a 4-week treatment with placebo (P); ler-
canidipine 10 mg (L); enalapril 20 mg (E); and a combination of the two
drugs (L/E). All patients were scheduled to receive one of the four treat-
ments. Double-blind medications were taken once-daily in the morning. At
the end of each treatment period, office trough (24 ± 2 h post-dose) sitting
blood pressure was measured. A 24-h ambulatory blood pressure monitoring
(ABPM) was obtained on the last day of drug intake.

The primary efficacy parameter was the mean reduction in 24-h SBP of
active treatment vs placebo. The 24-h SBP was chosen as the primary efficacy
variable since the mean 24-h BP is the most solid information provided by
ABPM.

Results

Of the 103 patients who were screened, 75 patients (40 males, 54%) with a
mean age of 66 years were randomized to the study. Of these 75 patients, 71
received P, 69 L, 70 E and 72 L/E. The intention to treat (ITT) population con-
sisted of 72 patients of which 62 patients completed the four ABPMs foreseen
after randomization. Mean seated office BP was 168/92 mmHg. Mean base-
line 24-h SBP was 151 mmHg. The administration of P, L, E and L/E was asso-
ciated with a mean 24-h SBP of 144, 137, 133, and 127 mmHg, respectively
(Fig. 1). Compared to the mean 24-h SBP reduction observed with P, active
antihypertensive therapy significantly decreased the mean 24-h SBP by a
mean of 8.2 (L), 12.9 (E), and 17.9 (L/E) mmHg (p < 0.0001 compared to 24-h
SBP with P). Office BP values were similarly reduced. A seated SBP < 140
mmHg was recorded in 11% (P), 18% (L), 23% (E), and 48% (L/E) of the
patients, and a seated BP < 140/90 mmHg in 8% (P), 18% (L), 19% (E), and
45% (L/E) of the patients.

Two patients on P and two on L/E were withdrawn from the study.
Adverse events were recorded in 9% (P), 12% (L), 16% (E), and 14% (L/E) of
the patients.
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Conclusions

This study showed that in elderly hypertensive patients combination therapy
with L/E is significantly more effective than either placebo or the two
monotherapies in reducing ambulatory and clinic systolic and diastolic BP.
The finding that combination therapy with enalapril and lercanidipine
decreased 24-h BP by a mean of 17.9/9.2 mmHg supports the JNC 7 recom-
mendation to initiate therapy with two agents in patients whose BP is > 20
mmHg above the SBP goal or > 10 mmHg above the DBP goal [3]. In fact,
combination therapy with L and E was associated with a BP < 140/90 mmHg
in 45% of the patients and monotherapy with L or E in < 20% of the patients.
Since a prompt reduction of BP values is associated with a significant reduc-
tion in the number of cardiovascular events [6], the achievement of BP val-
ues < 140/90 mmHg within a 4-week period may be of substantial benefit.
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Fig. 1. Mean 24-h blood pressure. SBP, Office systolic blood pressure; DBP, office diasto-
lic blood pressure; L, Lercanidipine (10 mg); E, enalapril (20 mg)
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