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Preface

The year 1988 marked the beginning of the International Workshop on
Cardiac Arrhythmias. This biannual series of meetings was initiated with the
following goals: (1) to present technological advances in the field of cardiac
arrhythmias, (2) to publicise the results of current research, and (3) to assess
the impact of new diagnostic and therapeutic approaches. In addition, by
bringing together experts in this field, controversial aspects in the diagnosis
and treatment of cardiac arrhythmias could be discussed, allowing a consen-
sus to be reached regarding the evaluation and management of specific dis-
ease conditions. The success achieved in reaching these goals and the utility of
the workshops have been confirmed by their increasing recognition and level
of attendance.

The Proceedings of the Ninth Edition of the Workshop is a compilation of
the topics presented at the most recent meeting, which was held in Venice at
the Fondazione Giorgio Cini from the 2nd to the 5th of October 2005. The
book is divided into eight sections, each addressing a different aspect of car-
diac arrhythmia: Supraventricular Arrhythmia and Atrial Flutter; Atrial
Fibrillation: Pathophysiology, Clinical and Therapeutic Aspects; Atrial
Fibrillation: Catheter Ablation and Other Non-pharmacological Therapies;
Hereditary Arrhythmogenic Syndromes; Sudden Death: Prediction and
Prevention; Cardiac Resynchronisation Therapy: Indications and Results;
Cardiac Pacing: Technical and Clinical Aspects; Syncope: Evaluation and
Therapies.

By presenting a comprehensive and up-to-date overview of all pertinent
aspects of cardiac arrhythmias, this book provides a highly valuable source of
information for general cardiologists, internists, and medical students, as well
for researchers involved in all aspects of the field of cardiology. The knowl-
edge and expertise offered by the various contributors will improve our
understanding of cardiac arrhythmias and motivate further developments in
the field.



This volume is the result of the efforts of several authors, each of whom
deserves recognition and thanks. In addition, I thank Springer and its staff, in
particular Donatella Rizza, Executive Editor, for their highly professional edi-
torial efforts. I am especially grateful to Rita Reggiani, Project Manager of
Adria Congrex, for her exceptional skills and enthusiasm in preparing the
workshop. I would also like to thank my colleagues at Umberto I Hospital, Drs.
Bonso, Gasparini, Themistoclakis, Giada, Rossillo, Corrado, Rigo, De Piccoli, Di
Pede, both for their help and support in organising the meeting and for their
continuous scientific and clinical collaboration.

The personal engagement and invaluable assistance of Susanna Orbolato,
Stefania Damiani, and other members of the secretarial and nurse staff at my
institution are gratefully acknowledged. I also extend my gratitude to
Professor Piccolo, whose example and advice have provided a continual source
of guidance and inspiration. Finally, I sincerely thank my wife Carmen and my
children, Francesca and Michele. Their encouragement and support were
essential to the successful preparation and completion of both the meeting
and this book.

Antonio Raviele
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SUPRAVENTRICULAR ARRHYTHMIA 
AND ATRIAL FLUTTER



Right and Left Atrial Flutter: How To Differentiate Them on the

Basis of Surface Electrocardiogram?

G. INAMA, C. PEDRINAZZI, O. DURIN, P. GAZZANIGA, P. AGRICOLA

Introduction

Atrial flutter is a common arrhythmia that may cause significant symptoms,
including palpitations, dyspnoea, chest pain, and even syncope. For five
decades, the mechanism of atrial flutter remained controversial, with protag-
onists and antagonists of theories proposing circus movement versus ectopic
focus. The development of clinical electrophysiology in the 1970s and the
observations made by many investigators in various canine heart models
supported the concept that flutter is a macro-reentrant arrhythmia, often
determined by a reentrant circuit confined to the right atrium [1–3].

The atrial rhythm during atrial flutter is regular (250–350 beats/min),
with little or no isoelectric interval on ECG. The surface 12-leads ECG is
helpful in establishing a diagnosis of atrial flutter for the common form due
to counterclockwise reentry in the right atrium and for the uncommon form
with reverse activation sequence [4–6].

In 2001, the European Society of Cardiology and the North American
Society of Pacing and Electrophysiology [7] published a new atrial flutter
nomenclature. More recently, Scheinman et al. [8] provided an updated clas-
sification and nomenclature (Table 1).

It is frequently possible to diagnose atrial flutter with 12-lead surface
ECG, looking for distinctive waves in leads II, III, aVF, and V1. When flutter
waves are not clearly visible, slowing AV nodal conduction through vagal
stimulation manoeuvres or using drugs, such as Verapamil, to increase AV
conduction block makes their recognition easier.

Cardiology Department, Maggiore Hospital, Crema, (Cremona), Italy



Right Atrial CTI-Dependent Flutter

Counterclockwise Flutter (Common Form)

The ECG is very helpful in establishing a diagnosis of right atrial cavotricus-
pid isthmus (CTI)-dependent flutter, mainly the common form due to coun-
terclockwise reentry in the right atrium. This is the most common type of
atrial flutter and accounts for about 90% of clinical cases. It is sustained by
macroreentrant circuit in the right atrium and supported by endocardial
structures, such as the crista terminalis, eustachian ridge/valve (posteriorly),
and tricuspid annulus (anteriorly). The activation wave front proceeds in a
cranial direction over the right atrial septum, reaches the top of the right
atrium, then descends on the right atrial free wall in a caudal direction, and
finally reaches the space located between the lower part of the right atrium
and the atrial septum. The CTI, which forms the inferior area, is the critical
link in the circuit and is the target of the radiofrequency (RF) catheter abla-
tion procedure. Several investigators reported that RF energy applied in the
isthmus between the inferior vena cava and tricuspid valve isthmus is effec-
tive in eliminating atrial flutter.The creation of a line of block with RF appli-
cation in the isthmus between the inferior vena cava (IVC) and the tricuspid
valve annulus (TA), with documentation of bidirectional block during pac-
ing in coronary sinus, is actually considered to be the success index of RF
ablation of right atrial CTI-dependent counterclockwise flutter and the elec-
trophysiological end-point of the procedure [9–17].
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Table 1. Classification of the electrophysiological mechanisms of atrial flutter (modi-
fied from [8])

1. Right atrial CTI-dependent flutter
-Counterclockwise flutter (common)
-Clockwise flutter (uncommon)
-Double-wave reentry
-Lower loop reentry
-Intra-isthmus reentry

2. Right atrial non-CTI-dependent flutter
-Scar-related flutter
-Upper loop flutter

3. Left atrial flutter
-Mitral annulus flutter
-Scar and pulmonary vein-related flutter
-Coronary sinus flutter
-Left septal flutter



In right atrial CTI-dependent counterclockwise flutter, an inverted F wave
with a sawtooth pattern is observed in the inferior leads II, III, and aVF, with
low-amplitude biphasic F waves in leads I and aVL, an upright F wave in lead
V1, and transition to an inverted F wave in lead V6 (Fig. 1). Diagnosis made
with the 12-lead ECG can be confirmed by an electrophysiological study with
mapping and entrainment to demonstrate the counterclockwise sequence in
the right atrium (Fig. 2) [18].
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Fig. 1. 12-lead ECG recorded from a patient with counterclockwise (CTI)-dependent flut-
ter (common type). Note the typical saw-toothed pattern of inverted F waves in the infe-
rior leads II, III, and aVF. Counterclockwise right atrial flutter is also characterised by flat
to biphasic F waves in I and aVL, an upright F wave in V1, and an inverted F in V6

Fig. 2. Endocardial electrograms and surface ECG leads I, III, aVF, and V1 during RF
ablation in the same patient as in Fig. 1. The recordings from the ablation catheter, coro-
nary sinus, His bundle, and Halo catheters demonstrate a counterclockwise sequence of
activation in the right atrium



Clockwise Flutter (Uncommon Form)

In the uncommon form of right atrial CTI-dependent flutter, the F wave pat-
tern on 12-lead ECG is less specific and variable. Figure 3 shows another
episode of right atrial CTI-dependent flutter in the same patient as in Figs. 1
and 2 during a RF ablation procedure [6]. The activation sequence of this
‘reverse’ version of flutter proceeds superiorly over the right atrial anterior
and lateral walls and inferiorly over the right atrial posterior and septal walls
(Fig. 4).

Clockwise flutter accounts for about 10% of clinical cases and has ECG
findings that include positive F waves in the inferior leads II, III, and aVF,
and negative deflection in V1. During electrophysiological study, the diagno-
sis of common or uncommon form of right atrial CTI-dependent flutter is
suggested by observing a counterclockwise or clockwise activation pattern
in the right atrium and around the tricuspid valve annulus.
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Fig. 3. 12-lead ECG recorded, during RF ablation in the same patient as in Figs. 1 and 2,
now with the clockwise (CTI)-dependent form of flutter (uncommon type). The F wave
in this reverse form may manifest as the mirror image of the CTI form, with positive F
waves in the inferior leads II, III, and aVF, biphasic in leads I and aVL, negative deflec-
tion in V1, and an inverted F in V6



The uncommon form of right atrial CTI-dependent flutter is diagnosed
electrophysiologically by demonstrating a clockwise activation sequence
around the right atrium and tricuspid valve annulus, with cranial to caudal
activation in the interatrial septum and caudal to cranial activation in the
right atrial free wall, the opposite sequence of that seen in counterclockwise
right atrial CTI-dependent flutter. Confirmation that the reentry circuit
involves the inferior isthmus requires the demonstration, for the common
and uncommon forms, of the classic criteria for entrainment, including con-
cealed entrainment with tachycardia acceleration to the pacing cycle length
without a change in the F wave pattern on surface 12-lead ECG [19, 20].

Lower-Loop Reentry

Lower-loop reentry is a CTI-dependent flutter circuit that localises in the
lower right atrium. Several endocavitary studies, using the electroanatomic
mapping CARTO system, documented that the circuit rotates around the
inferior vena cava, either in a counterclockwise or clockwise sequence, or
around both the inferior vena cava and the tricuspid valve annulus, resulting
in a figure of eight double-loop configuration [21–23]. The surface 12-lead
ECG findings are similar to those of counterclockwise or clockwise atrial
flutter.
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Fig. 4. Endocardial electrograms and surface ECG leads I, III, aVF, and V1 recorded dur-
ing the clockwise form of flutter in the same patient. The recording from the ablation
catheter, coronary sinus, His bundle, and Halo catheters demonstrate a clockwise
sequence around the right atrium and tricuspid valve annulus, with cranial to caudal
activation in the interatrial septum and caudal to cranial activation in the right atrial
free wall, the opposite sequence of that seen in counterclockwise right atrial CTI-depen-
dent flutter (Fig. 2)



Right Atrial Non-CTI-Dependent Flutter

Scar-related flutter and upper-loop reentry flutter are macro-reentrant cir-
cuits due to anatomic obstacles located outside the CTI.

Surgical atrial scars, especially due to cardiac surgery in the treatment of
congenital heart disease, are the anatomopathological substrate of scar-relat-
ed circuits in right atrial non-CTI-dependent flutter [12, 24–26]. Nakagawa et
al. [26] reported that areas of slow conduction in narrow channels within
islands of scar set up reentrant circuits in the right atrial free wall. RF
catheter ablation of the critical corridors can eliminate the tachycardia.

Upper-loop flutter is characterised by a critical circuit confined to the
superior portion of the right atrium, and this circuit is non-CTI-dependent
[24, 28]. The diagnosis is possible only during an electrophysiological map-
ping study. The direction of rotation can be either counterclockwise, with
descending sequence in the free wall anterior to the crista terminalis, or
clockwise with ascending sequence in the free wall anterior to the crista.
Surface 12-leads ECG shows no difference from the ECG obtained in coun-
terclockwise or clockwise flutter.

Left Atrial Flutter

The incidence of left atrial flutter in an unselected patient population is
unknown. A structural heart disease in the left heart is frequently present in
patients with this condition. In addition, surface 12-lead ECG findings of left
atrial flutter are often not specific to one particular tachycardia mechanism,
making the analysis of atrial flutter based only on ECG problematic.
Electrically silent areas are frequently identified in the left atrium by con-
ventional and electroanatomic 3D mapping techniques during left atrial flut-
ter, and similar areas in the posterior and anterior wall of the left atrium
have been also found during sinus rhythm. Several studies have demonstrat-
ed that in most patients there is a fractionated atrial activation before the
onset of stable atrial flutter, and it is usual to observe right atrial non-CTI-
dependent flutter or left atrial flutter in patients with untreated atrial fibril-
lation and with periodic transition between the two arrhythmias. Frequently,
patients without structural heart disease and a history suggestive of parox-
ysmal atrial fibrillation may have evidence of atrial flutter triggering fibrilla-
tion episodes. The atrial flutter circuit is postulated to play a critical role in
the initiation and maintenance of atrial fibrillation in some patients [29, 30].

CARTO electroanatomic 3D mapping provides important information to
completely map and characterise left atrial flutter. It also allows precise
localisation of the ablation catheter and graphical presentation of the abla-
tion line.
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Mitral Annulus Flutter

This form is sustained by macroreentrant circuit in the left atrium that
rotates around the mitral annulus either in a counterclockwise or clockwise
direction, supported by endocardial structures, such as the mitral annulus
anteriorly and low-voltage areas or scars posteriorly [18, 31–33]. Surface 12-
lead ECG findings of mitral annulus flutter are low amplitude flutter waves
in the inferior leads II, III, and aVF, and positive waves in V1 and V2 (Fig. 5).

Scar and Pulmonary-Vein-Related Flutter

The reentry circuit in this form involves one or more pulmonary veins in the
posterior wall of the left atrium, especially in patients with mitral valve dis-
ease and sometimes after RF ablation in the left atrium to cure atrial fibrilla-
tion. These circuits can have multiple loops and are related to regions with
low voltage or scar areas. RF catheter ablation is complex and requires a 3D
electroanatomic mapping approach to demonstrate the circuit and to guide
the ablation, with several RF applications from a pulmonary vein to the
mitral annulus or to the opposite pulmonary vein. Surface 12-lead ECG
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Fig. 5. 12-lead ECG recorded in a patient with atrial flutter. The ECG findings of low-
amplitude flutter waves in the inferior leads II, III, and aVF, and positive waves in V1
and V2, suggest the diagnosis of mitral valve flutter sustained by a macroreentrant cir-
cuit in the left atrium that rotates around the mitral annulus



shows low amplitude of the flutter waves in inferior leads and a positive wave
in lead I.

Left Septal Flutter

Recently, several authors [18, 34, 35] reported a different form of left atrial
flutter, with circuits rotating around the fossa ovalis in a counterclockwise or
clockwise sequence.

The critical isthmus is located on the septum between the fossa ovalis
and the pulmonary vein or the mitral annulus. Surface 12-lead ECG findings
show prominent positive flutter waves only in V1 or V2 and diminished
amplitude of atrial waves in the other leads. The use of 3D mapping systems
can improve correct diagnosis of the flutter and may provide precise locali-
sation of the circuit to guide ablation.

Conclusions

Resetting responses and response to entrainment have confirmed the reen-
trant nature of flutter and established the presence of a fully excitable gap in
the majority of patients. During atrial flutter, the use of 3D electroanatomic
mapping studies and the entrainment pacing technique have aided in defin-
ing the mechanism of the arrhythmia with the activation sequence, provid-
ing information regarding the timing of intra-atrial events with respect to
the surface electrocardiogram, especially for the non-CTI-dependent form
and for left flutter.

Further study will be needed, however, to definite the precise boundaries
of flutter and to better identify correlations between the location of the dif-
ferent electrophysiologic types of reentrant circuits and their electrocardio-
graphic characteristics.
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Atypical Atrial Flutter: How to Diagnose, Locate, and Ablate It

Y. YANG, M.M. SCHEINMAN

Atrial flutter (AFL) is defined as a rapid macro-reentrant atrial tachycardia
characterised by little or no isoelectric interval between flutter (F) waves on
ECG. Typical AFL refers to cavotricuspid isthmus (CTI)-dependent flutter
with its reentrant circuit propagating around the tricuspid annulus in clock-
wise (CW) or counterclockwise (CCW) form (left anterior oblique projec-
tion) [1–7]. Typically, CCW flutter is characterised by negative F waves in the
inferior leads (II, III, aVF) and positive waves in V1, while CW flutter is man-
ifest by positive F waves in the inferior leads and negative waves in V1 [8, 9].
Entrainment pacing during typical AFL helps define the reentrant circuit,
and typical AFLs show concealed entrainment when pacing from the CTI.
The typical AFLs are cured by ablative lesions transecting the CTI [10–13].

So-called atypical AFL includes a wide variety of non-CTI-dependent
flutter. In order to better understand different flutter circuits and provide an
ablation strategy for them, we have proposed an updated classification and
nomenclature of known flutter circuits [14]. Table 1 shows a brief classifica-
tion of the atypical AFL.

CTI-dependent AFLs may have atypical surface ECG patterns [15] and
vice versa [16]. For example, the surface ECG of upper loop reentry (ULR) can
mimic typical CW flutter [16]. Compared to the CTI-dependent AFLs, the sur-
face ECGs of these atypical flutters are less specific for predicting the reen-
trant circuit. Hence, it highlights the importance of entrainment and elec-
troanatomic mapping in these cases. However, prior distinguishing between
right and left AFLs from the surface ECG helps determine the mapping tech-
niques. Although left AFLs showed more inhomogeneous patterns [17], our
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study suggested that they are often associated with lower amplitude or flat F
waves and greater isoelectric intervals (due to the higher incidence of left
atrial abnormalities), and a predominant F wave in V1 in most cases [16].

Right Atrial Non-Isthmus-Dependent Flutter

Atypical flutter from right atrium includes those of ULR and scar-related
macroreentrant tachycardia.

Upper Loop Reentry

In 2001, we first described ULR as a non-CTI dependent reentrant circuit
involving the upper portion of the right atrium, with breakthrough over the
lateral tricuspid annulus [18]. Later, Tai et al. verified this circuit by noncon-
tact 3D mapping [19]. They found that gap(s) along the CT acted as the isth-
mus for this circuit, and the wave front within the circuit rotated either in a
CW or CCW fashion using the CT as a functional obstacle. They also showed
that linear ablation sealing the crystal gap terminated the tachycardia.

Right Atrial Scar-Related Macroreentrant Tachycardia

Various forms of macroreentrant circuits most commonly occur in patients
with congenital heart disease or patients who have had surgical correction
for their congenital cardiac defects. Using both entrainment and elec-
troanatomic mapping can help define such circuits and its critical isthmus
for guiding the ablation. In such patients, Nakagawa et al. used 3D elec-
troanatomic mapping to show that one or more reentrant circuits used chan-
nels between the scar areas, and ablation of these channels proved to be suc-
cessful for flutter termination [20]. Scar-related macroreentrant tachycardia
is also found in patients without prior atriotomy. Our study showed that
those patients had low-voltage (< 0.25 mV) or scarred areas along the poste-
rior or lateral right atrium (Fig. 1) [18].
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Table 1. Classification of atypical atrial flutter

Right atrial atypical flutter Upper loop reentry
Scar-related macroreentrant tachycardia

Left atrial atypical flutter Mitral annular atrial flutter
Scar and pulmonary-vein-related atrial flutter
Left septal atrial flutter

Bi-atrial atypical flutter Coronary sinus atrial flutter



Left Atrial Flutter

Left atrial flutters are less common than CTI-dependent right AFLs. Most of
these arrhythmias are associated with structural abnormalities in the left
atrium. In a study by Jaïs et al. [17], about 77% of patients with left AFL had
underlying heart disease. Most of these left atrial circuits are associated with
the low-voltage/scar area(s) in the posterior left atrium [16, 17, 21]. The 12-
lead surface ECGs of left AFL can be variable. Some of them are compatible
with typical CCW or CW flutter, but most show flat or low-amplitude flutter
waves and isoelectric intervals between the flutter waves on ECG due to the
left atrium abnormality [16, 17].

15Atypical Atrial Flutter: How to Diagnose, Locate, and Ablate It

PA SVC

IVC
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Fig. 1. A 3D electroanatomic (CARTO) map, under the posteroanterior (PA) projection,
in a patient with right atrial scar-related macroreentrant tachycardia. The right atrial
map showed several scarred areas (indicated by thin arrows) along the posterior wall,
although the patient had no structural heart disease. The activation map showed a fig-
ure-8 type of reentrant circuit using the channel between the two lower scars as its
common pathway, one looped around the inferior vena cava (IVC) and the other around
the lateral scar. The wave front propagated through the channels between the scars
(bold arrow), and concealed entrainment was demonstrated during pacing from the
channel between the lower scars (the common pathway). A radiofrequency (RF) lesion
that sealed these channels abolished the tachycardia. SVC Superior vena cava



Mitral Annular Atrial Flutter

The most common form of left AFL is the reentrant circuit around the mitral
annulus (MA), with the latter as its anterior boundary and the posterior low-
voltage/scar area(s) as its posterior boundary. The wave front can propagate
around the MA in either a CCW or CW fashion. It can also join the reentrant
circuit around other anatomic barrier(s), such as the ostium of pulmonary
veins, and/or low-voltage/scar area(s) to form double loop reentry [22].
Ablation of MA–AFL can be accomplished by a radiofrequency (RF) lesion
transecting the mitral isthmus, which is from the MA to the left lower pul-
monary vein; or, in the case of double loop reentry, tachycardia can be cured
by a linear lesion extending from the MA to another anatomic structure
(e.g., scar, or other PVs).

Scar and Pulmonary Vein-Related AFL

Having the low-voltage area(s) or scar(s), or functional zone of block within
the left atrium allows for macro-reentrant circuits. These circuits often
include these obstacles alone or they occur in association with one or more
pulmonary veins [16, 17, 21]. Such AFL circuits can be single loop reentry,
but more often present as figure-8-type, double loop reentry, or multiple
loops (Fig. 2). Using 3D electroanatomic mapping can help to define these
complex circuits and assist ablation. The type of ablation line depends on the
anatomy of the circuit. For eliminating the tachycardia, appropriate ablation
lines are required to join the scars, or from scar to the MA, or from a pul-
monary vein to the MA.

Left Septal AFL

We recently described a left AFL circuit confined to the left atrial septum
[23]. By using entrainment and electroanatomic mapping, the flutter circuit
was found to rotate around the left septum primum, with the fossa ovalis act-
ing as a central obstacle, the right pulmonary veins as its posterior bound-
ary, and the MA as the anterior boundary. The critical isthmus of the reen-
trant circuit was located between the septum primum and pulmonary veins
posteriorly and/or the MA anteriorly by the demonstration of concealed
entrainment at these sites. A linear lesion extending from the septum pri-
mum to either the MA or the right inferior pulmonary vein resulted in tachy-
cardia elimination.
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Bi-atrial AFL

To our knowledge, there is only one reported case of an AFL circuit involving
both the left and the right atrium. Olgin et al. reported an atypical AFL circuit
involving the myocardium of the coronary sinus (CS), left atrium, and intera-
trial septum [24]. In this type of circuit, the CS muscle conduction could be
dissociated from the left atrial myocardium, as demonstrated by double poten-
tials along the CS with disparate activation sequences. The wave front propa-
gated through the myocardium of the CS and exited in the lateral left atrium,
travelled down the interatrial septum and back to the CS. Circumferential
ablation within the CS with bi-directional conduction block across the lesion
resulted in the termination of tachycardia and no inducibility.
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Figure 2.

Fig. 2. A CARTO map, under the posteroanterior (PA) projection, in a patient with left atri-
al (LA) scar and pulmonary-vein-related flutter. The activation map demonstrated a fig-
ure-8 reentrant circuit around the right upper pulmonary vein (RUPV) and the scar in the
posterior wall (bold arrow). Entrainment pacing from the channel between the scar and
the RUPV showed the in-circuit response. Linear ablation across this gap terminated the
flutter. LUPV left upper pulmonary vein,LLPV left lower pulmonary vein,RLPV right low-
er pulmonary vein
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Catheter Ablation of Typical Atrial Flutter. What Are the Long-

Term Results and Predictors of Recurrences?

P. DELISE, N. SITTA , L. CORO’ , L. SCIARRA, E. MARRAS, M. BOCCHINO, G. BERTON

Introduction

Catheter ablation of typical atrial flutter, targeting the cavo-tricuspid (CT)
isthmus, is an effective treatment that is frequently used in clinical settings
[1–7]. In fact, due to recent technical improvements (e.g. 8-mm catheters,
irrigated-tip catheters), the short-term success rate of this approach exceeds
90% with low recurrence rates (no more than 5–10% of cases). However, a
major problem in patients with atrial flutter is the possible coexistence of
atrial fibrillation (AF). In fact, at least 10–35% of patients with clinically pre-
dominant atrial flutter also suffer from AF [8–10] and 5–22% of patients
with AF also have atrial flutter, particularly those who are on antiarrhythmic
therapy [10–14]. Therefore, there is reasonable risk that ablation of flutter,
despite the elimination of arrhythmia, may not resolve the clinical problem
owing to the recurrence of AF.

Electrophysiologic Relationships Between Atrial Fibrillation and Atrial

Flutter

The presence of AF and flutter in the same patient is related to multiple
mechanisms. First, the same atrial anatomic substrate can facilitate both
multiple wavelet re-entry of AF and right atrial macro re-entry of atrial flut-
ter. Second, AF can trigger atrial flutter [8–14]. In fact, frequently during AF
the wave front originating from the left atrium tends to proceed in the right
atrium along its anatomic barriers (crista terminalis, inferior vena cava,
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etc.), which constitute the anatomic circuit of atrial flutter. Consequently, in
many cases, as AF extinguishes, atrial flutter initiates. Third, atrial flutter,
like other supraventricular arrhythmias [15–18], can trigger AF, a phenome-
non that was described by Pristowsky [19] as ‘tachycardia-induced tachycar-
dia.’ Finally, the two arrhythmias may have a common trigger, represented by
automatic foci of pulmonary veins [18].

Antiarrhythmic drugs may have opposite effects on AF and atrial flutter.
More precisely, many drugs (propafenone, flecainide, amiodarone) are able to
prevent AF but they have little effect on, or may even facilitate atrial flutter.
This observation has been made by several investigators, who demonstrated
the occurrence of atrial flutter in 5–22% of patients with AF after treatment
with class1 C drugs or amiodarone [10–14]. This phenomenon has been
attributed to the slowing of conduction in the potential circuit of flutter.

Factors Influencing Recurrence of Flutter After Radiofrequency Ablation

The most  important feature which avoids the recurrence of flutter is the cre-
ation of a stable and complete block of isthmus conduction [2–7]. In fact
when the validation of block was not made in the first ‘90s the recurrence rate
of flutter ablation was very high (30% or more) [1].

The validation of block may be reached documenting a clockwise activa-
tion of the right atrium stimulating  from the inferolateral wall  and, respec-
tively, a counterclockwise activation stimulating from the ostium of the coro-
nary sinus. This demontration can be obtained  by multielectrode mapping of
lateral and septal walls of the right atrium (for example with a Halo catheter)
or by non fluoroscopic mapping (CARTO system) or by non contact mapping.

In some cases however an incomplete isthmus block with a marked con-
duction delay can mimick a complete block, thus facilitating the recurrence of
the arrhythmia. The differential diagnosis can be obtained using the follow-
ing additional criteria [5–7]:
1. The demonstration of double potential along the whole line of block
2. Change of unipolar electrograms in the right atrium opposite the pacing

site after ablation
3. Maximum delay in the activation of the atrium opposite to the line of

block obtained when stimulating close to the lesion in respect to a stimu-
lation 1–2 cm more distant

4. Wider double potentials recorded along the ablation line  when stimulat-
ing close to the lesion when compared to a stimulation a 1–2 cm more
distantThe second factor influencing the possibility of a recurrent atrial
flutter, is the resumption of isthmus conduction after a successful block. It
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is important to know that 97% of conduction recovery occurs within 15
minutes [4].
In conclusion after obtaining a complete isthmus block and waiting for at

least 15 minutes to confirm the stability of the lesion, the recurrence rate may
be less than 5% [2].

Effects of Cavo-Tricuspid Isthmus Ablation of Atrial Fibrillation. Brief-

and Mid-Term Results

At mid-term follow-up, the occurrence of AF in patients who were treated with
isthmus ablation for documented atrial flutter is rare: less than 15% of patients,
in the absence of antiarrhythmic therapy. In contrast, in patients with both atri-
al flutter and AF before ablation, the recurrence rate of AF is high (35–74% of
patients), despite the use of antiarrhythmic drugs [7, 20–22].

Nevertheless, for the latter group of patients, many authors have recom-
mended CT-isthmus ablation together with antiarrhythmic drugs (hybrid
therapy), as this strategy has been shown to eliminate atrial flutter and to
prevent or at least significantly reduce AF episodes in 73–90% of patients
[13, 14, 21–25], thus significantly improving the quality of life for most
patients.

For example, Schumacher et al. [13], who performed CT-isthmus ablation
in patients with both arrhythmias, observed that during 11 ± 4 months of
follow-up 37% of patients remained free from all arrhythmias, and an addi-
tional 42% of patients had significantly lower AF recurrence, while only 15%
had no clinical benefit.

Nabar et al. [24] in another observational study covering a mean follow-
up of 4 months, observed a clinical benefit in 85% of patients (70% disap-
pearance of AF and flutter and 15% less AF recurrence).

Lee et al. [26] compared the effect of CT-isthmus ablation on quality of
life in two groups of patients, one with only documented atrial flutter and
the other with atrial flutter and AF, who had discontinued and continued
drug therapy, respectively, after ablation. Quality of life significantly
improved in both groups, although the improvement was greater in patients
with only atrial flutter before ablation.

Finally our group, in a previous study [22] that included a follow-up after
CT-isthmus ablation of about 18 months, observed a 13% recurrence rate of
AF in patients with only atrial flutter compared to 38% (despite antiarrhyth-
mic prophylaxis) in patients with both atrial flutter and AF before ablation.
Two thirds of the latter group, however, had an improvement in quality of
life, which was correlated with a significant reduction in the number of
episodes of AF.
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Long-Term Results of Atrial Flutter Ablation with Respect to Atrial

Fibrillation Recurrence: Personal Experience

Methods

We studied 141 patients (114 males, 27 females, mean age 63 ± 10) with com-
mon atrial flutter who underwent successful CT-isthmus ablation, defined on
the basis of short-term electrophysiologic validation at the end of the proce-
dure [5, 27] and on the absence of clinical recurrence of atrial flutter during
the first year of follow-up. These strict inclusion criteria were chosen to
avoid the possibility that recurrence of atrial flutter played a role in the
recurrence of AF.

Patients were divided into two groups on the basis of their characteristics
before ablation. Group A included 48 patients with only documented com-
mon atrial flutter; group B included 93 patients who had both documented
atrial flutter and AF.

In group A, 40/48 patients consumed 1.5 ± 1 antiarrhythmic drugs,
while in group B all patients consumed 2.5 ± 1.2 antiarrhythmic drugs
before ablation. The last antiarrhythmic therapy before ablation is reported
in Table 1.

In group B, 31 patients had only atrial flutter during their last antiar-
rhythmic therapy (group B1), while 62 patients (group B2) continued to pre-
sent with atrial flutter and AF during their last antiarrhythmic therapy.
Among the latter, the ratio between documented episodes of AF and atrial
flutter was about 1 (1 ± 0.1) in 20% of patients, > 1.1 in 60% of patients,
and < 0.9 in 20% of patients.

After ablation, all group A patients discontinued any antiarrhythmic
therapy, while group B patients continued their last (group B1) or best
(group B2) ant iarrhy thmic drug therapy : amiodarone, flecainide,
propafenone, or sotalol. Patients at risk of thromboembolic events continued
anticoagulant therapy after discharge. Clinical characteristics were similar in
both groups, except for the duration of symptoms, which was longer in
group B (Table 1).

In all patients, CT-isthmus ablation was performed according to standard
criteria [2–13]. Electrophysiologic success was defined when a bidirectional
isthmus block was obtained, as demonstrated by coronary sinus and right
low lateral atrium stimulation [14].

Quality of life was evaluated in the basal state and during follow-up by
administering a Specific Symptom Scale (SSS) evaluation, which consisted of
six questions concerning symptoms: palpitations, rest and effort dyspnoea,
effort intolerance, asthenia, and angina. The SSS is scored from 0 (well) to 10
(unwell).
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On discharge, patients were instructed to promptly return to hospital in
the event of sustained palpitations or of sustained symptoms possibly relat-
ed to arrhythmia relapse, in order to undergo electrocardiography. In the
case of unsustained symptoms, patients underwent one or more 24-h Holter
monitorings. In any case, patients were asked to keep a diary of the number
and duration of episodes of recurrent palpitations.

Patients were called back 3 months after ablation and at the end of fol-
low-up (44 ± 20 months). During follow-up examinations, an interview
focusing particularly on arrhythmia relapses, a clinical evaluation, and an
electrocardiogram were carried out. AF recurrence was defined when AF was
documented in the standard ECG or in the Holter (> 1 min). For the pur-
poses of this report, the last SSS questionnaire was considered.
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Table 1. Characteristics of patients.Group A (atrial flutter alone) and B (atrial flutter and AF)

Group A (n = 48) Group B (n = 93) P

M/F 41/7 73/20 NS
Age 64 ± 10 63 ± 10 NS

Heart disease: 31 (64%) 54 (58%) NS
HHD 18 (38%) 35 (37%) NS
DCM 7 (14%) 9 (9%) NS
CAD 6 (12%) 6 (6%) NS
VHD 4 (4%) NS

Last AATx : n = 29 n = 87
Amiodarone 17 32
Flecainide 5 26
Propaphenon 4 27
Sotalol 3 2

ACT 26 (54%) 70 (75%)
LA 44 ± 10 44 ± 10 NS
EF 56 ± 10 57 ± 10 NS
Mean AFL 3.4 ± 2.4 3.2 ± 1.8 NS
Mean AF 5 ± 4.5

HHD Hypertensive heart disease, DCM dilated cardiomyopathy, CAD coronary artery
disease, VHD valvular heart disease, AATx antiarrhythmic therapy, ACT anticoagulant
therapy, LA left atrium, EF ejection fraction, AFL atrial flutter, AF atrial fibrillation,
NS not significant



Results

During follow-up, no patient had recurrent typical atrial flutter. However,
13/48 (27%) of group A and 57/93 (61%) of group B patients had document-
ed recurrent AF (P< 0.001). Within the latter group, AF recurred in 16/31
(51%) of group B1 and in 41/62 (66%) of group B2 patients (B1 vs B2, P=NS).

A comparison of the event-free survival curves (Fig. 1) shows that the
three curves (groups A, B1, and B2, respectively) diverge from each other just
during the first few months. Subsequently, the B1 and B2 curves tend to
furother diverge and overlap with prolonged follow-up.

Permanent AF occurred in 3/48 (6%) of group A, in 1/31 (3%) of group B1,
and in 13/62 (21%) of group B2 (A vs B1 P = NS, A and B1 vs B2 P < 0.01) .

Between patients with heart disease and those without, there was no dif-
ference either in the incidence of paroxysmal/persistent AF in groups A
(26% vs 18%), B1 (46% vs 50%), and B2 (50% vs 42%) or in the incidence of
permanent AF in groups A (7% vs 6%) and B1 (0% vs 5%). In contrast, there
was a significant difference in the incidence of permanent AF in group B2
between patients without heart disease (4%) and those with heart disease
(33%, P < 0.01) (Table 2).

Before ablation, 31/48 (64%) of group A, 18/31 (58%) of group B1, and
36/62 (58%) of group B2 had at least one electrical cardioversion (mean 1.35,
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Fig. 1. Event-free survival curves for recurrent atrial fibrillation in groups A (atrial flut-
ter only before ablation), B1, and B2 (both atrial flutter and AF before ablation)



1.03, and 1.37 per patient, respectively). After CT-isthmus ablation 5/48
(10%) of group A, 2/31 (6%) of group B1, and 14/62 (22%) of group B2 had at
least one electrical cardioversion (mean 0.12, 0.06, 0.27 per patient, respec-
tively) (groups A, B1, and B2 before ablation vs after ablation P < 0.001 the
difference remrined higlity significant also), excluding patients who devel-
oped permanent AF (Table 3).
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Table 2. Comparison of recurrence rates of atrial fibrillation in the various patient
groups according to the absence or presence of heart disease 

Group A (n = 48) Group B1 (n = 31) Group B2 (n = 62)

Recurrent AF 13 (27%) 16 (51%) 41 (66%)

Par/Pers AF 10 (21%) 15 (48%) 28 (45%)
-Absence of HD 4/15 (26%) 6/33 (18%) 13/26 50%)
-Presence of HD 6/13 (46%) 9/18 (50%) 15/36 (42%)
P NS NS NS
(Absence vs 
presence of HD) 

Permanent AF 3 (6%) 1 (3%) 13 (21%)
-Absence of HD 1/15 (7%) 0/13 (0%) 1/26 (4%)
-Presence of HD 2/33 (6%) 1/18 (5%) 12/36 (33%)
P NS NS < 0.01
(Absence vs 
presence of HD)

Par Paroxysmal, pers persistent, HD heart disease

Table 3. Electrical cardioversions before and after ablation

PRE RF AFTER RF P
n. mean n. mean (mean)

All patients
Group A (48) 31 (65%)      1.35 5  (10%)    0.12 < 0.0001
Group B1 (31) 18 (58%)      1.03 1  (3%)      0.03 < 0.0001
Group B2 (62) 36 (58%)      1.37 14 (22%)   0.27 < 0.0001

Permanent AF excluded
Group A   (45) 29 (64%)     1.3 3 (6.6%)    0.06 < 0.0001
Group B1  (30) 18 (60%)     1.04 1 (3%)       0.03 < 0.0001
Group B2  (49) 26 (53%)     1.28 8 (16%)     0.18 < 0.0001



Before ablation, SSS scores were similar in groups A and B. After ablation,
at the end of follow-up, SSS scores decreased in all groups: In group A, from
16 ± 5 to 1.2 ± 1 (P < 0.001); in group B1, from 21 ± 10 to 7.8 ± 7 (P <
0.001); in group B2, from 21.3 ± 5 to 10.8 ± 8 (P < 0.001). The improve-
ment in SSS score, however, was significantly higher in group A than in
groups B1 and B2 (Table 4).

Conclusions and Practical Considerations

Atrial flutter and AF have different electrophysiological mechanisms. While
the two arrhythmias may coexist in the same patient, in most cases, during
long-term follow-up, they have different natural courses.

In patients with documented atrial flutter only, isthmus ablation is usual-
ly curative. In some patients (less than 30% of cases), despite the elimination
of atrial flutter, AF occurs, probably as a result of the previous existence of a
non-documented form of this arrhythmia.

According to other investigators [28], in patients with both atrial flutter
and AF, CT-isthmus ablation (despite the use of antiarrhythmic therapy)
prevents AF in less than 40% of patients. In the remaining patients, AF
relapses. According to another study (13), group B1 patients (with so-called
IC/amiodarone atrial flutter) have a better outcome than group B2 patients
(with both atrial flutter and AF during antiarrhythmic therapy). However,
longer follow-up showed a tendency of similar recurrence rates compared to
group B2 patients.

This pattern is not surprising, as it is well-known that the efficacy of
antiarrhythmic therapy in preventing AF is inversely proportional to the
duration of follow-up.

Permanent AF was very rare in group A (6%) while it occurred in about
20% of group B patients. Notably, AF rarely occurred (3%) in the B1 sub-
group of patients, whereas there was a particularly high rate of permanent
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Table 4. Specific symptom scale (SSS) score. Group A post-ablation vs group B1 post-
ablation, P < 0.001; group A post-ablation vs group B2 post-ablation, P < 0.001; group
B1 post-ablation vs group B2 post-ablation, P = 0.09

Before ablation After ablation P

Group A 16 ± 5 1.2 ± 1 < 0.0001

Group B1 21 ± 10 7.8 ± 7 < 0.0001

Group B2 21.3 ± 9.4 10.8 ± 8.5 < 0.001



AF (33%) in group B2 patients with heart disease.
On the basis of our results, CT-isthmus ablation seems mainly indicated

in patients with atrial flutter alone. However, it can also be proposed as first-
line therapy in symptomatic patients with both atrial flutter and AF, particu-
larly if they have no heart disease and/or if they have only atrial flutter dur-
ing antiarrhythmic drugs. In fact in such patients, quality of life frequently
improves, probably as a result of the abolition of flutter and of the lower
number of symptomatic episodes of AF, in particular those needing treat-
ment by electrical cardioversion.

CT-isthmus ablation is a questionable form of therapy in patients with
heart disease, particularly if they continue to present with AF during antiar-
rhythmic drug treatment.

In patients in whom therapy is unsuccessful (frequent AF relapses and/or
compromised quality of life,) pulmonary-vein isolation or an ablate and pace
strategy should be proposed only as a second-line therapy. Our opinion
derives from the observation that pulmonary-vein isolation, although poten-
tially curative in patients with AF, is a complex and risky procedure, while an
ablate and pace strategy is an irreversibly destructive therapy. By contrast,
CT-isthmus ablation is simple and safe and provides significant clinical ben-
efit in most patients.
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Atrial Fibrillation After Ablation of Atrial Flutter:

Who Is at Risk?

E. BERTAGLIA

Radiofrequency catheter ablation targeting the isthmus between the tricuspid
anulus and the inferior vena cava is an established therapy for typical atrial
flutter (AFL). It is successful in more than 90% of patients [1–7]. However, in
the clinical setting, AFL and atrial fibrillation (AF) often coexist, and the fol-
low-up of patients successfully treated with transisthmus ablation is compli-
cated by the occurrence of AF in 10–47% of patients [2, 5, 8–15]. Indeed,
although caused by different electrophysiological mechanisms, AFL and AF
may share the same arrhythmogenic substrate [12, 16, 17]. Identifying
patients at higher risk of post-ablation AF occurrence after ablation was a
major issue until the introduction of transisthmus catheter ablation.

Occurrence of Atrial Fibrillation After Transisthmus Ablation

As reported in several papers, AF frequently occurs after transisthmus abla-
tion of AFL: its occurrence ranges from 12% to 54% [8–15, 18–23]. In the
study that enrolled the largest cohort, AF was observed in 42% of patients
after a mean of 20.5 months from ablation of AFL [23]. The occurrence of AF
increased progressively as time passed (Fig. 1): at 4 years, the cumulative
probability of AF occurrence rose to 62%. The progression of AF behaved
differently in patients with and patients without AF before ablation (Fig. 2).
While in the former group almost all of the recurrences of AF appeared dur-
ing the first 2 years (66%), in patients without pre-ablation AF the rate of AF
occurrence was quite low during the first 2 years (12%), and increased sig-
nificantly later (52% at 4 years).

Dipartimento di Cardiologia, Ospedale Civile, Mirano (Venice), Italy



However, not all patients with pre-ablation AF present the same risk of
post-ablation AF. Some authors have already suggested that patients with
drug-induced AFL [those with paroxysmal or persistent AF in whom persis-
tent or paroxysmal AFL appeared only after the beginning of treatment with
class IC drugs (so-called IC-AFL) or only after the beginning of treatment
with amiodarone (so-called amio-AFL)] present an incidence of post-ablation
AF occurrence as low as the incidence in patients with pre-ablation lone AFL
[14, 20, 24]. More recently, we directly compared the long-term outcome 
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Fig. 1. Kaplan–Meier estimate of
the t ime to atr ial  f ibril lat ion
occurrence in the general popula-
tion after atrial flutter ablation.
From [23], with permission

Fig. 2. Kaplan–Meier estimates of
the time to occurrence of atrial
fibrillation after atrial flutter abla-
tion in patients without pre-abla-
tion atrial fibrillation (dashed
line) and in patients with pre-
ablation atrial fibrillation (unbro-
ken line). From [23], with permis-
sion
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of four subgroups of patients after transisthmus ablation: patients with AFL
in whom AF had never been documented prior to transisthmus ablation;
patients with AFL in whom AF had been documented prior to transisthmus
ablation; patients with IC-AFL; and patients with amio-AFL [25].

The clinical courses after transisthmus ablation were significantly differ-
ent among the four subgroups of patients (Fig. 3). In the patients with amio-
AFL the cumulative probability of post-ablation AF occurrence was signifi-
cantly lower than in the patients with pre-ablation coexistent AF, and similar
to that seen in the patients with pre-ablation lone AFL. By contrast, a similar
cumulative probability of post-ablation AF to that recorded among patients
with pre-ablation coexistent AF was observed in the patients with IC-AFL.
Thus, a significant difference emerges between class IC anti-arrhythmic
drugs and amiodarone in respect of the possibility of preventing AF relapses
after transisthmus ablation [25]. The protective effect of amiodarone on AF
recurrences could be related to the great reduction in intra-atrial conduction
velocity exerted by this drug [20]. In this way, amiodarone prevents the
simultaneous occurrence of the reentrant circuits which might trigger and
perpetuate AF despite the block of the cavo-tricuspid isthmus.

Some interesting differences can also be observed regarding the time of
onset of AF recurrences after transisthmus ablation (Fig. 3). Post-ablation AF
began later in the patients without pre-ablation AF than in patients with pre-
ablation AF. At least in some patients, AFL, rather than triggering AF, seems
to be a different clinical expression of the same electrical disease, which is
able, as time passes, to induce AF once the preferential route through the
flutter circuit is blocked.
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Fig. 3. Kaplan–Meier estimates of
the time to occurrence of atrial
fibrillation in patients with lone
atrial flutter (unbroken line), with
pre-ablation coexistent atrial fib-
rillation (dashed and dotted line),
with class IC drug-induced atrial
flutter (dotted line), and w ith
amiodarone-induced flutter
(dashed line). From [25], with per-
mission



Predictors of Atrial Fibrillation Occurrence

Predictors of post-ablation AF are: pre-ablation AF, left atrial size, left ven-
tricular ejection fraction, inducibility of sustained AF after transisthmus
ablation, and age [8, 10–12, 14–16, 21–23, 26, 27].

Left atrial size is closely correlated with AF: this arrhythmia is likely to
occur in a more diseased, and thus enlarged, atrium [10]. Patients with low
left ventricular ejection fraction are more prone to develop AF [8, 11, 12, 15,
21]. AF inducibility to programmed electrical stimulation is associated with
high spatial atrial refractoriness and with the development of AF before and
after the ablation [27]. A surprising result is the inverse correlation of age
with occurrence of post-ablation AF [23]. According to our knowledge about
the prevalence of AF in the general population [28], it would be expected
that post-ablation AF would occur more frequently in the elderly. On the
contrary, however, it was found that patients younger than 65 years experi-
enced post-ablation AF more frequently than patients aged over 65 years
despite similar rates of pre-ablation AF, predominant pre-ablation AF, and of
anti-arrhythmic drug use [23].

A pre-ablation history of AF remains the most common predictor of
post-ablation AF occurrence [8, 11, 12, 15, 16, 22, 23, 26, 27]. Pre-ablation AF
identifies patients in whom there is a structural and electrophysiological
substrate that allows multiple reentrant circuits favouring AF [11, 12, 27].
However, among patients with pre-ablation AF different variables predict the
occurrence of AF after transisthmus ablation in different subgroups of
patients [25]. In patients with pre-ablation AF and not drug-induced AFL,
post-ablation AF relapses correlated significantly with an enlarged left atri-
um. In contrast to this, among patients with IC-AFL, the presence of struc-
tural heart disease correlated significantly with post-ablation AF recur-
rences. Treatment with class IC anti-arrhythmic drugs is not the first choice
for patients with structural heart disease. Treatment of patients with struc-
tural heart disease with a class IC anti-arrhythmic drug generally stems
from failure of other anti-arrhythmic drugs. Patients with structural heart
disease receiving treatment with a class IC anti-arrhythmic drug are there-
fore at very high risk of AF occurrence [25].

Clinical Implications

AF occurs frequently after ablation, and its occurrence increases during the
follow-up period. This is true both for patients with AF before the ablation
and for those without. After 4 years, the probability of post-ablation AF was
68% for patients with pre-ablation AF and 52% for patients without pre-
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ablation AF. This means that even patients with pre-ablation lone AFL are at
high risk of developing AF as time passes. Hence, they must be advised of the
risk of recurrent symptoms and late AF, and closely followed up even if tran-
sisthmus ablation was successful. ECG Holter monitoring must be advised
too, because up to 34% of AF episodes are asymptomatic.

Patients with pre-ablation AF and not drug-induced AFL with an
enlarged left atrium, and patients with IC-AFL with structural heart disease,
are at high risk of developing AF despite continuation of anti-arrhythmic
drug treatment, and anticoagulation therapy should be continued during the
follow-up due to the risk of stroke.

Patients with AFL induced by amiodarone run a significantly lower risk
of post-ablation AF than patients with spontaneous AFL and those with IC-
AFL.
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Electroanatomic Mapping to Support Ablation of Complex

Supraventricular Arrhythmias: Does It Matter?

R. DE PONTI1, R. VERLATO2, G. PELARGONIO3, F. DRAGO4, A. FUSCO5, J.A. SALERNO-
URIARTE1 ON BEHALF OF THE INVESTIGATORS OF THE PROJECT OF ELECTROANATOMIC

MAPPING FOR COMPLEX ARRHYTHMIA EVALUATION (PEACE)*

Introduction

Over the last 15 years, experience in catheter ablation of cardiac arrhyth-
mias has greatly increased. This has gone hand in hand with technical
improvements and the development of new approaches. Currently, catheter
ablation is considered the first-line therapy for arrhythmia exhibiting a
‘stereotyped’ substrate, such as typical atrial flutter, atrioventricular nodal
reentrant tachycardia, and tachycardias mediated by an accessory pathway
[1, 2]. For these supraventricular arrhythmias, a high success rate with mini-
mal procedural risks can be obtained by experienced operators in a relatively
short-lasting procedure. Conversely, in atypical atrial flutter and, generally,
in postsurgical supraventricular arrhythmias, clear definition of the arrhyth-
mia mechanism, extensive mapping, and precise localisation of the target
area are required to provide a tailored ablation strategy. Especially in
patients with prior surgery for complex congenital heart disease and in the
presence of multiple clinical arrhythmias, the ablation procedure may be
prolonged, have limited procedural and long-term success, and be associated
with a higher risk of complications. In fact, the results of catheter ablation
previously reported in this subset of patients and based on conventional
mapping were promising but still suboptimal [3–6], considering also that in
these patients arrhythmia-related morbidity and mortality are increased
compared to the general population with supraventricular arrhythmias.

1Department of Cardiovascular Sciences, Ospedale di Circolo e Fondazione Macchi,
University of Insubria, Varese; 2Electrophysiology Laboratory, Ospedale Civile of
Camposampiero, Camposampiero (Padua); 3Institute of Cardiology, Department of
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of Pediatric Cardiology, Ospedale Bambino Gesù, Rome; 5Electrophysiology Laboratory,
Pederzoli Hospital, Peschiera del Garda (Verona), Italy; *See the Appendix for the list of
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Moreover, in some patients, 12-lead ECG can be of very limited help in
understanding the arrhythmia mechanism and in orienting the ablation
strategy (Fig. 1).

Non-conventional mapping systems have been extensively introduced in
the electrophysiology laboratory, especially to assist in diagnosing patients
with complex forms of disease and to provide essential information for plan-
ning the ablation strategy in patients with a non-stereotyped arrhythmo-
genic substrate. Recently, single-centre experiences involving a limited num-
ber of patients have been reported regarding the use of electroanatomic
mapping to support ablation of right or left atypical atrial flutter, and in
patients with atrial tachycardias after surgery for congenital and acquired
heart disease [7–12]. In these patients, electroanatomic mapping has proved
useful to identify the critical area of the tachycardia, especially in double-
loop reentry and multiple wavefront collision, providing a road map for
ablation of unconventional isthmuses in reentrant arrhythmias [11]. This
rationalised approach in patients with complex arrhythmias is expected to
lead to optimised short- and long-term results, reducing significantly the
procedural difficulties and duration.

To better assess the contribution of electroanatomic mapping to ablative
treatment of complex arrhythmias in a larger and multicentre experience,
the Project of Electro-Anatomic mapping for Complex Arrhythmia Evalu-
ation (PEACE) was organised in 2003 and coordinated by our University. In
this project, roughly a dozen Italian electrophysiology laboratories (see
Appendix) with different profiles, but similarly willing to share the experi-
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Fig. 1. Clinical atrial tachycardia of the first presented case, showing a cycle length of 290
ms. The wide QRS complex (superimposible to the one on sinus rhythm) does not allow
clear visualisation of the surface P wave



ence of approaching complex arrhythmias by electroanatomic mapping,
were involved. Over this time period, 41 patients were studied for macro-
reentrant or focal atrial arrhythmias with or without prior cardiac surgery
or for complex forms (incessant or nonsustained/noninducible) of ventricu-
lar tachycardias. In these patients, after their histories were evaluated and
pre-procedure diagnostics were obtained, electrophysiologic and extensive
electroanatomic evaluations were carried out to plan a rationale for ablation,
which was successful in the vast majority of the patients. The following is a
presentation of four typical cases involving study patients with postsurgical
or postablation focal or macro-reentrant atrial tachycardia/flutter.

Postsurgical Focal Atrial Tachycardia

Focal atrial tachycardia has been reported occasionally as an accompanying
arrhythmia in patients with macro-reentrant atrial tachycardia after cardiac
surgery [8, 11, 13–17]. In these reports, the overall number of focal atrial
tachycardia morphologies was 19 and, with two exception [15, 16], they
accounted for less than 10% of the total number of atrial tachycardia mor-
phologies in these series of postsurgical patients. Interestingly, in the majori-
ty of the cases (14/19 morphologies), the tachycardia focus was located in the
anterolateral wall of the right atrium. In the following, two cases of focal
atrial tachycardia in patients previously operated on for congenital heart dis-
ease are described.

The first case involves a 43-year-old male patient, who at the age of 15
underwent surgery for tetralogy of Fallot. Ten years later, he began com-
plaining of palpitations, which became more frequent in recurrence and
drug refractory. As a result, in 1999, he underwent the first electrophysiology
procedure in our institution. Clinical atrial tachycardia at a cycle length of
440 ms was reproducibly inducible and was diagnosed as an intraatrial
macro-reentrant tachycardia with the critical isthmus of slow conduction
located between the coronary sinus os and the inferior vena cava. Limited
radiofrequency energy delivery in that region suppressed the tachycardia,
and no other tachycardia was inducible thereafter. Of interest, conventional
mapping during sinus rhythm showed two vertical lines of double potentials
along the septum and the anterolateral right atrium, likely related to surgical
incisions/sutures. Moreover, during programmed atrial stimulation, conduc-
tion delay over the anterolateral right atrial wall was observed, with pre-
served voltage amplitude. The patient remained asymptomatic for the next
few years, up to February 2004, when he had palpitation recurrence docu-
mented at ECG as the arrhythmia shown in Fig. 1. Since the QRS complex
was superimposible on the sinus rhythm, its supraventricular origin was

41Electroanatomic Mapping to Support Ablation of Complex Supraventricular Arrhythmias



clear; but the wide QRS complex did not allow analysis of the P-wave mor-
phology. Adenosine injection reproducibly terminated the tachycardia, such
that surface ECG did not contribute to orienting the site of origin of the
tachycardia. During the same hospital admission, the patient experienced
multiple drug-refractory arrhythmia recurrences and therefore underwent
electrophysiologic evaluation. At baseline, a nonsustained form of the same
tachycardia with 1:1 atrioventricular conduction was present and became
sustained with a cycle length of 290 ms during isoprenalin infusion.
Electroanatomic mapping was performed during sinus rhythm and atrial
tachycardia, w ith a coronary sinus atr iogram as reference signal.
Surprisingly, during mapping, a complete absence of electrical activity in a
wide right atrial area, which included the anterolateral wall, the cavotricus-
pid isthmus and a part of the posterior wall, became evident early on (Fig.
2A). A line of double potentials was still recorded along the atrial septum
(Fig. 2B). During tachycardia, right atrial activation lasted 148 ms, equal to
51% of the tachycardia cycle length, with a centrifugally spreading activation
pattern from the earliest site, located on the crest of the right appendage.
Bipolar recording at this site preceded the coronary sinus atriogram by 252
ms and the initial unipolar deflection was completely negative. Even in the
absence of identification of the P-wave onset, this finding favoured a focal
origin from this site. As also shown in Fig. 2B, later activation of the atrial
septum and of the expected site of Bachmann’s bundle insertion in the right
atrium excluded left-to-right atrial propagation due to a left-sided arrhyth-
mia. In this case, the late diastolic activation of the coronary sinus reflected
very delayed inter-atrial propagation, rather than being a consequence of a
reentrant left atrial circuit. Analysis of the voltage mapping of the tachycar-
dia (Fig. 2C) and comparison with the map of sinus rhythm (Fig. 2D) evi-
denced that the tachycardia focus was located in a low-voltage (< 0.6 mV),
but still viable area at the border zone of the scar tissue at a distance of 16
mm from the sinus node area. Radiofrequency energy delivery at the earliest
activated site by cool-tip catheter (40 Watts) for 45 s produced early and
sudden tachycardia termination, with no sign of damage to the sinus node.
Two other applications, on sinus rhythm, were then delivered just superiorly
and inferiorly to the tachycardia focus. Afterwards, the tachycardia was no
longer inducible even at the maximal infusion rate of isoprenalin, and no
other arrhythmia was observed. During follow-up on the previously ineffec-
tive antiarrhythmic agent (sotalol), the patient has been symptom-free.
Interestingly, analysis of the first 15 ms of the propagation map in sinus
rhythm and during tachycardia showed a wider activated area in sinus
rhythm than on tachycardia, suggesting a more complex anatomic substrate
for the sinus node than for the focal atrial tachycardia, which, in this case,
required a relatively small amount of energy to be abolished.
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In this patient, electroanatomic mapping provided very useful data for
practical use and for gaining further insight into the patient’s arrythmia. In
the presence of complex anatomy and in the absence of information provid-
ed by P-wave morphology, mapping identified the tachycardia mechanism,
excluded involvement of the left atrium, located precisely the arrhythmia
focus, and determined its distance from the sinus node to guide ablation
successfully and safely. In addition, the progressive and extensive loss of atri-
al electrical activity, the location of the arrhythmia focus at the border with
the scar tissue, together with its different activation pattern as compared to
the sinus node posed interesting questions for further study.
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Fig.2. Electroanatomic mapping of the right atrium of the first presented case, during clin-
ical atrial tachycardia (A–C) and sinus rhythm (D). A, C, D Cranial left anterior oblique
projection; B left lateral view. the extension of the scar tissue (in grey) is well evident in
all of the maps. A, B Activation mapping in tachycardia, with the earliest activated site (in
red) in the crest of the right appendage, where ablation is performed (central red dot cor-
responds to the effective application; the other two dots are bonus applications on sinus
rhythm). Moreover, in B, the prior atriotomy is evident as a vertical line of double poten-
tials (blue dots) along the atrial septum. C Bipolar voltage mapping: areas with voltage >
0.60 mV are identified in purple. D Distance from the ablation site and the extension of
the sinus node area (in red). See text for further explanation



The second case involved a 39-year-old female patient with transposition
of the great vessels and ventricular septal defect. At the age of 5, she under-
went Rastelli’s operation at the Mayo Clinic, with external homograft conduit
between the right ventricle and the pulmonary artery. Seven years later, she
underwent another operation to substitute the conduit. At the age of 35, the
patient started developing signs and symptoms of congestive heart failure,
with enlargement of both the right atrium and ventricle. Despite optimal
medical therapy, she complained of palpitations due to atrial tachycardia and
atrial fibrillation. Due to coexistence of life-threatening ventricular arrhyth-
mias, a dual-chamber ICD was implanted. In the months before the proce-
dure, despite therapy with amiodarone and beta-blockers, she developed
atrial tachycardia at 400-ms cycle length with 1:1 atrioventricular conduc-
tion with periods of incessant-iterative presentation. These were responsible
for severe functional limitations and a worsening of heart failure. Similar to
the previous case, a wide QRS complex due to right bundle-branch block and
1:1 atrioventricular conduction during tachycardia rendered analysis of the
P-wave morphology, especially of its initial deflection, very difficult. During
electrophysiologic evaluation, at baseline, under general anaesthesia, the
patient was stably on sinus rhythm with right bundle-branch block.
Atrioventricular conduction was normal and only antegrade. By S2S3 pro-
grammed atrial stimulation during isoprenalin infusion, the clinical atrial
tachycardia at a cycle length of 420 ms was reproducibly induced with a 1:1
atrioventricular conduction ratio. The coronary sinus atriogram served as a
reference, which allowed initiation of electroanatomic mapping of the right
atrium, using a long sheath to support the mapping catheter for the enlarged
chamber size. Despite optimal catheter-to-tissue contact, the right atrium
lacked atrial electrical activity over a vast area of the anterolateral and pos-
terior walls, which, therefore, were tagged as scar tissue. At the beginning of
mapping, the earliest activated site was the medial upper right atrium, where
a bipolar signal with an amplitude of 0.61 mV preceded the reference signal
by 120 ms. In the same site, a fast negative initial unipolar deflection was
recorded. Any attempt to stably change the 1:1 atrioventricular conduction
ratio during tachycardia, in order to evaluate P-wave onset and the interval
between it and the local bipolar electrogram, was unsuccessful or terminated
the tachycardia. Although the local signal and the centrifugally spreading
propagation pattern suggested focal atrial tachycardia originating from that
site, it was decided to continue mapping, since the geometry of the chamber
appeared incomplete in its anterosuperior area. During further mapping, a
more anterior site showed an earlier activation (-28 ms compared to the
previous site) with a similar unipolar pattern and a bipolar amplitude of
0.87 mV. From there, a channel of low bipolar signals between two areas of
scar tissue (Fig. 3A) was identified, leading to the earliest activated site,
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which preceded the reference signal by 195 ms (Fig. 3B). In this site, the
unipolar deflection could not be evaluated, since it was superimposed on one
of the previous ventricular beats. Nonetheless, the atrial origin of the bipolar
signal was validated by a single ventricular extrastimulus, which dissociated
this signal from the ventricular activity. Based on this evidence and consid-
ering the remote position of the sinus node, previously assessed (Fig. 3C),
radiofrequency energy at 30 Watts was delivered by cool-tip catheter. This
led to early termination and complete suppression of the tachycardia.
Subsequently, a second atrial tachycardia with a 500-ms cycle length and
negative P wave in the inferior lead was reproducibly induced and then was
targeted and successfully ablated as a second focal atrial tachycardia origi-
nating in the central part of the cavotricuspid isthmus. During follow-up, the
patients had relevant clinical improvement with persistent suppression of
the treated forms and only rare nonsustained runs of slow, well-tolerated
atrial tachycardia. Interestingly, the analysis of the voltage map of clinical
atrial tachycardia (Fig. 3D) showed very low voltage (0.07–0.15 mV) along
the channel leading to the tachycardia focus, located also in this case at the
border zone between viable and scar tissue, whereas relatively preserved
bipolar voltage (> 0.5 mV) was observed at the channel exit. It is not clear
why the unipolar signal was negative at sites different and even remote from
the site of tachycardia origin. The most likely explanation is that activation
of the very low voltage channel was not detected by unipolar recording at the
site of exit from the channel. Therefore, the wavefront propagating from this
site to the atria was read as negative from the unipolar recording, although
remote from the site of origin of the tachycardia.

Thus, also in this case of postsurgical atrial tachycardia, electroanatomic
mapping was very useful to search for and localise the tachycardia focus in a
very low voltage area at the border with a wide zone of scar tissue in the
presence of discordant conventional criteria and of a very distorted atrial
anatomy. Similar to the previous case, it could be speculated that the origin
of postsurgical focal atrial tachycardia was in the upper right atrium, at the
border between the scar and the still viable tissue, which is often not easy to
define. Here a progressive process may be responsible for the creation of
tachycardia foci, even years after surgery. Due to the unique environment
where this form of tachycardia develops, the conventional criteria to identify
the tachycardia focus might not be invariably reliable. Moreover, intra-atrial
or inter-atrial (as in the previous case) delayed propagation during tachycar-
dia may represent a complexity in clarifying the arrhythmia mechanism
(focal vs re-entry). At the same time, it may be responsible for the exception
to the rule that during a focal rhythm the atria are activated for a limited
part (usually < 50%) of the atrial cycle. Finally, the evidence obtained from
voltage mapping of large areas of scar tissue and/or low voltage could give an
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idea of both the poor haemodynamic contribution of these atria and the
prognosis in these patients, especially in term of recurrences and of possible
sinus node dysfunction.
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Fig. 3A–D. Electroanatomic mapping of the cranial part of the right atrium during tachy-
cardia in the second presented case. A, D Cranial left anterior oblique view; C right ante-
rior oblique view. A Activation mapping during tachycardia, with the earliest activated site
(in red) in the antero-ateral area of the superior right atrium, between two areas of scar
tissue (in grey). The site of successful ablation is marked by red dots. B From top to bot-
tom, lead II, the reference coronary sinus atriogram (Ref), the unipolar (Uni) and bipolar
(Bi) deflections recorded at sites marked as 1,2 and 3 in the previous panel are shown.Num-
bers at the bottom express how much earlier the bipolar recording at each site is, as com-
pared to the reference signal. C Another view of the activation mapping during tachycar-
dia, which better shows the ablation site and its distance from the sinus node area, where
the catheter icon is positioned. D Distribution of the bipolar voltage: low voltage (0.07–0.15
mV) is identified by red-to-green colours in the channel between the two scars, where the
tachycardia focus is located. See text for further explanation



Postsurgical/Postablation Macrore-entrant Atrial Tachycardia/Flutter

As already mentioned, surgical atrial incisions may create an isthmus of slow
conduction, responsible for re-entrant tachycardia occurring after a variable
time interval from surgery. On the other hand, left atrial flutter may occur
also after pulmonary vein isolation for atrial fibrillation by percutaneous
technique, endangering the long-term success of the procedure [18–21].
Although rare, left atrial flutter may be less tolerated and less responsive to
antiarrhythmic drugs than atrial fibrillation. Whether it is due to a focal
mechanism [18], a re-entry related to gaps in a linear lesion previously
deployed [19], or a combination of the two mechanisms in different patient
subsets [20] is still debated. The two cases presented below show how elec-
troanatomic mapping may contribute to an in-depth understanding of the
arrhythmogenic substrate in patients with postsurgical/postablation
macrore-entrant arrhythmias.

The third case involves a 61-year-old male patient affected by hyperten-
sion with only mild dilatation of the left atrium. The patient underwent abla-
tion for typical atrial flutter with complete bidirectional block of the cavotri-
cuspid isthmus conduction at the age of 54. Three years later, he underwent
elsewhere electrophysiologically guided pulmonary vein isolation for recur-
rent atrial fibrillation refractory to multiple antiarrhythmic drugs. During
the same hospital stay, he underwent three ablation procedures. Afterwards,
he had episodes of palpitation, with ECG documenting atrial tachycardia
with a stable cycle length of 260 ms and flat P-wave morphology separated
by isoelectric lines in all leads, except for V1, showing a distinct positive P
wave. Six months before the procedure, the arrhythmia became persistent
and was poorly tolerated. During the procedure, at baseline, the patient
exhibited clinical arrhythmia with a variable ratio of atrioventricular con-
duction. In order to map the expected macrore-entry, the window of interest
was set to start in mid-diastole on surface ECG, spanning 95% of the cycle
length, as described elsewhere [22]. Electroanatomic mapping in the right
atrium did not show a head-meets-tail pattern, entrainment had a return
cycle markedly longer than the tachycardia cycle length, and the propagation
pattern favoured a left atrial origin. After trans-septal puncture, the left atri-
um was extensively mapped, which showed an absence of electrical activity
in a large area around the oses of the four pulmonary veins and in the poste-
rior left atrium. In the remaining part of the left atrium, between the scar
tissue and the mitral ring, the electroanatomic activation map showed elec-
trical activity spanning the entire tachycardia cycle length with a single-loop
clockwise re-entry around the mitral annulus (Fig. 4A). Having set the win-
dow of interest from mid-diastole to the next mid-diastole, the mid-diastoli-
cally activated area was identified as the interface between the red and the
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purple area in the activation map. As shown in Fig. 4A, this area was located
between the scar tissue around the os of the right pulmonary veins and
another small scar at 11 o’clock of the mitral ring. This was possibly a gap in
an incomplete linear lesion previously attempted between the mitral ring
and the right superior pulmonary vein. In the area identified as critical at the
electroanatomic mapping, concealed entrainment with a postpacing interval
equalling the tachycardia cycle length was obtained. The bipolar voltage map
(Fig. 4B) showed an extensive low voltage (< 0.10 mV) in the critical area,
suggesting a relatively easy substrate to ablate. Higher voltage (> 4 mV) was
observed in the left atrial appendage. Radiofrequency energy delivery (cool-
tip catheter; 35 Watts) in the area identified as critical, where an isolated
mid-diastolic potential was recorded, terminated the tachycardia early dur-
ing the application. Ablation was then continued in the area identified by the
interface between the head and the tail of the circuit, in the conducting gap
between the two scars, to minimise recurrences. This further ablation pro-
duced complete disappearance of electr ical act iv ity in this area.
Subsequently, no arrhythmia was inducible by aggressive atrial pacing and
the patient remained asymptomatic in the follow-up.

This case is paradigmatic of how electroanatomic mapping can recon-
struct the re-entrant loop(s), identifying a head-meets-tail pattern and the
critical area of mid-diastolic activation. Moreover, the extension and the
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Fig. 4 A, B. Electroanatomic mapping of the left atrium during atrial tachycardia in the
third presented case. A Right lateral view of the activation mapping with an ‘early-
meets-late’ pattern in the upper left aspect of the atrial septum. B Bipolar voltage map-
ping is displayed in right anterior oblique view with evident low voltage (0.06 mV)
around the incomplete line (in grey) from the medial mitral annulus to the right superi-
or pulmonary vein. Of interest, the extension of scar tissue (in grey) after segmental
pulmonary vein ablation. See text for further explanation



voltage of the critical area may be indicative of how difficult the ablation is
expected to be. All these elements are essential to rationalise the approach to
every single case, in order to plan a successful and safe ablation strategy. As a
speculative aspect, this case addresses also the problems related to macrore-
entrant tachycardias around the peri-pulmonary lesions or involving a con-
duction gap of an incomplete linear lesion, which may occur even late after
ablation in the left atrium for atrial fibrillation, possibly affecting the long-
term benefit of the procedure. For atrial fibrillation ablation, a tailored
approach for each patient, based on conventional and non-conventional data,
should identify and target the arrhythmogenic substrate, thus avoiding
overtreatment and its long-term electrical and, possibly, haemodynamic
consequences.

The last case is a 21-year-old male patient with complex congenital heart
disease, which included single ventricle, transposition of the great vessels,
pulmonary valve stenosis, and persistence of the left superior vena cava. At
the age of four, he underwent a Fontan operation with insertion of the left
superior vena cava in the left pulmonary artery, of the right superior vena
cava in the right pulmonary artery with direct closure of its orifice in the
right atrium, which, in turn, was connected through a conduit to the pul-
monary artery. In the same intervention, the tricuspid orifice was closed by a
prosthetic patch, to separate venous from arterial blood flow. Six months
before the procedure, the patient had episodes of what completely resembled
a typical common atrial flutter on surface ECG, with 285-ms cycle length and
2:1 atrioventricular conduction ratio. In spite of therapy with amiodarone,
the arrhythmia recurred and was responsible for syncope. Before the proce-
dure, since the coronary sinus had not been visualised or cannulated in the
past, a bipolar catheter was positioned in the oesophagus to stably record a
left atrial electrogram, serving as reference. Afterwards, the right atrium was
electroanatomically mapped with a long sheath to support the roving
catheter on spontaneous rhythm at a cycle length of 920 ms, which was
found to originate close to the os of the coronary sinus. On this rhythm, the
chamber volume was 265 ml. The clinical arrhythmia was then reproducibly
induced by programmed right atrial stimulation. After having set the win-
dow of interest as in the previous case, high density electroanatomic map-
ping was performed. As shown in Fig. 5A, activation in the right atrium cov-
ered the entire length of the flutter cycle with a mid-diastolically activated
area located in the low lateral right atrium. From this area, the activation
proceeded simultaneously anterior and posterior to the inferior vena cava
and then started a single counter-clockwise loop, resembling the one of typi-
cal common atrial flutter. Interestingly, the pathway of diastolic activation
had apparently no anatomic or acquired boundaries, and scar tissue was
observed in a very limited area, not strictly in relation with the diastolic
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pathway. Moreover, at the analysis of the bipolar voltage map on tachycardia
(Fig. 5B), the diastolic pathway was clearly evident as a channel of very low
voltage (0.05 mV), limited anteriorly and posteriorly by areas of
preserved/normal voltage (0.5–5 mV). A plausible explanation of the pres-
ence of a re-entrant circuit without an anatomically protected isthmus could
be as follows. At flutter cycle, functional conduction block occurred linearly
in the transitional areas between low and preserved voltage, and these lines
served as anterior and posterior boundaries to the diastolic pathway, thus
allowing and stabilising re-entry. Of interest, the anterior right atrium, where
the prosthetic patch was positioned on the tricuspid orifice, showed a rela-
tively preserved voltage, suggesting a possible neogenesis of atrial tissue on
the patch, positioned early during patient life. Entrainment mapping in the
diastolic pathway was not possible due to lack of capture even at the maxi-
mum output. Radiofrequency energy (cool-tip catheter, maximum output 40
Watts) was delivered in the area identified as critical by electroanatomic
mapping in order to transect completely, from posterior to anterior, the dias-
tolic pathway. This resulted in termination of the tachycardia after prolong-
ing the cycle length and producing a line of double potentials. Afterwards,
the clinical flutter was no longer inducible even by very aggressive atrial
stimulation. This induced a non-clinical atrial flutter with positive P wave in
the inferior leads and a shorter cycle length (265 ms). High density elec-
troanatomic mapping showed that right atrial activation was equal to the
tachycardia cycle length, with a mid-diastolically activated area correspond-
ing to the entire vertical length of the crista terminalis and a single loop re-
entry rotating around the complete perimeter of the right atrium (Fig. 5C,
D). Possibly, in this very enlarged atrial chamber, even transverse conduction
over the crista terminalis may serve as slow conduction pathway of a re-
entrant circuit in the right atrium. Since this arrhythmia was not clinical, the
creation of a vertical and complete line of bidirectional block, was thought to
be challenging and possibly proarrhythmic if incomplete, it was decided not
to target this second arrhythmia morphology. On the same previously inef-
fective antiarrhythmic drug, the patient has been asymptomatic in the fol-
low-up.

The experience acquired from this case also shows how electroanatomic
mapping can provide all the necessary data for a tailored and evidence-
based approach to ablation of complex re-entrant arrhythmias. Moreover,
the information gathered can increase our knowledge on peculiar phenome-
na occurring in particular cases.
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Summary and Future Perspectives

These samples of the experience gathered in our project support the hypoth-
esis that electroanatomic mapping has an essential role in the approach to
complex focal or re-entrant arrhythmias. In fact, a detailed analysis of the
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Fig. 5. Electroanatomic mapping of the right atrium during the clinical (A, B) and non-
clinical (C, D) atrial flutter in the last presented case. A, B Caudal right anterior oblique
view; C, D Antero-posterior and right anterior oblique projection, respectively. A
Activation mapping with an ‘early-meets-late’ pattern and a diastolically activated isth-
mus in the lateral low right atrium, where the ‘latest’ activated area (in purple) encoun-
ters the ‘earliest’ activated area (in red). B Bipolar voltage mapping with a clear differ-
ence in voltage between the isthmus (0.05 mV) and the surrounding anterior and pos-
terior areas (0.5–5 mV). C, D Activation mapping during the non-clinical atrial flutter,
with a clear ‘head-meets-tail’ pattern in the crista terminalis, which in this morphology
serves as slow pathway for re-entry. See text for further explanation



arrhythmogenic substrate, other than being the core for a successful ablation
strategy, may be a key issue in ‘learning before burning’ and it may anticipate
when ablation could be particularly difficult and failure expected. Moreover,
increased experience in electroanatomic mapping, together with technology
improvements, such as imaging integration, should lead to the simplification
of complex procedures, with an expected reduction in the procedure fluo-
roscopy time and an increased success rate. Whether this will expand the
indication for ablation in complex cases remains to be demonstrated by fur-
ther studies.

Appendix

The following is the list of the investigators participating in the Project of Electro-
Anatomic mapping for Complex arrhythmia Evaluation (PEACE):

Roberto Verlato, Pietro Turrini, Unità di Elettrofisiologia Diagnostica ed
Interventistica, Ospedale Civile di Camposampiero, Camposampiero (Padua);
Raffaele Luise, Dipartimento di Cardiologia-Elettrofisiologia, Clinica Villa Pini
d’Abruzzo, Chieti; Luigi Sciarra, Leonardo Coro’, Unità Operativa di Cardiologia,
Ospedale di Conegliano (Treviso); Emanuele Bertaglia, Francesca Zerbo,
Dipartimento di Cardiologia, Ospedale Civile di Mirano (Venice); Antonio Fusco,
Alfredo Vicentini, Laboratorio di Elettrofisiologia, C.C. dott.Pederzoli, Presidio
Ospedaliero ULSS22-Regione Veneto, Peschiera del Garda (Verona); Maria Grazia
Bongiorni, Giuseppe Arena, Unità di Aritmologia, Dipartimento Cardiotoracico,
Azienda Ospedaliera Universitaria Pisana, Pisa; Nicola Bottoni, Fabio Quartieri, Unità
Operativa di Cardiologia Interventistica, Dipartimento di Cardiologia, Azienda
Ospedaliera S.Maria Nuova, Reggio Emilia; Gemma Pelargonio, Antonio Dello Russo,
Laboratorio di Elettrofisiologia, Istituto di Cardiologia, Dipartimento di Medicina
Cardiovascolare, Università Cattolica del Sacro Cuore, Rome; Fabrizio Drago,
Massimo Silvetti, Dipartimento Medico-Chirurgico di Cardiologia Pediatrica,
Ospedale Bambino Gesù, Rome; Andrea Avella, Francesco Laurenzi, Sezione
Elettrofisiologia-Elettrostimolazione, II Unità Operativa di Cardiologia, Ospedale
S.Camillo, Rome; Maurizio Del Greco, Massimiliano Marini, Laboratorio di
Elettrofisiologia U.O. di Cardiologia, Ospedale S.Chiara, Trento; Raffaella Marazzi,
Fabrizio Caravati, Laboratorio di Elettrofisiologia, Dipartimento di Scienze
Cardiovascolari, Ospedale di Circolo e Fondazione Macchi-Università dell’Insubria,
Varese.
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ATRIAL FIBRILLATION: PATHOPHYSIOLOGY,
CLINICAL AND THERAPEUTIC ASPECTS



Idiopathic Atrial Fibrillation: Which Electrophysiological

Substrate?

R.N.W. HAUER

Introduction

Atrial fibrillation (AF) frequently occurs in the setting of structural heart
disease. Fibrosis and dilatation of the atria related to hypertension, car-
diomyopathy, valvular heart disease, and other causes of haemodynamic
overload are important contributors to the development of AF. However, AF
may also occur in apparently structurally normal hearts. Several studies have
shown shortening of atrial refractoriness after long-lasting periods of atrial
tachyarrhythmias, also known as electrical remodelling [1–7]. At a later
stage, this electrical remodelling is followed by structural remodelling,
which includes dedifferentiation of atrial cardiomyocytes [4]. Thus, this
form of structural disease is due to long-lasting AF itself. In contrast, the
development of AF in the very early stages cannot be explained by a sub-
strate due to remodelling. In these early stages, triggers, very often single or
multiple premature complexes originating from the pulmonary veins [8], are
important. Multiple premature complexes may occur as short-lasting atrial
tachycardia episodes with a high rate and the appearance of AF in the sur-
face electrocardiogram. However, after termination of the firing of the focus,
the tachyarrhythmia is interrupted as well. In this situation isolation of the
trigger is a logical therapeutic approach and indeed is often very successful.
In addition, an initiating electrophysiologic substrate in the atrium may
enhance susceptibility to the occurrence of long-lasting AF episodes. In the
presence of such a substrate, the above-mentioned trigger is still necessary
for the onset of the AF episode. However, after termination of the focal trig-
ger activity, the tachyarrhythmia will continue and contribute to a more sus-
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tained pattern. In previous studies we found that patients with rare episodes
of idiopathic AF (AF in the absence of structural heart disease) had
enhanced spatial dispersion of refractoriness unrelated to electrical remod-
elling [9, 10]. This initiating electrophysiologic substrate will favour reen-
trant mechanisms because of unidirectional block and activation delays at
multiple sites. This is supported by the facilitation of AF induction by pro-
grammed electrical stimulation.

Human and animal studies have demonstrated that the gap-junction pro-
tein connexin40 (Cx40) is expressed mainly in the atrium and conduction
system. Lack of Cx40 has been reported to result in increased atrial vulnera-
bility and propensity to arrhythmias in the mouse [11]. In addition, it has
been described that changes in the expression levels and distribution pattern
of Cx40 may act as a substrate promoting AF susceptibility [12]. A previous
study found that a linked polymorphism at nucleotides –44(G?A) and
+71(A?G) in regulatory regions of the Cx40 gene, combined with a mutation
in the cardiac sodium channel gene SCN5A, was associated with familial
atrial standstill [13]. The described polymorphism in the Cx40 gene occurs
in about 7% of the general population. In a recent study, we found that this
rare, linked Cx40 polymorphism is related to enhanced spatial dispersion of
refractoriness and susceptibility to reentry and AF [14].

Methods

Thirty patients with Wolff-Parkinson-White syndrome were studied. Of
these, 14 had prior documented sporadic episodes of AF (AF group) and 16
had no evidence of AF (control group). The mean number of AF episodes in
the AF group was 1 (range 1–5), medium duration 1 h (range 15 min to 
3 h). The mean asymptomatic interval prior to the electrophysiologic study
was 148 days. Electrocardiographic telemetric monitoring was carried out
for at least 24 h immediately before the electrophysiologic study. None of
the patients had AF episodes during the telemetric observation period.
Structural heart disease and conditions with potential effect on haemody-
namic or electrophysiologic functions were carefully excluded. None of the
patients were on antiarrhythmic drugs.

During the electrophysiologic study, a decapolar catheter was positioned
at the right atrial free wall and a quadripolar catheter was placed in the right
atrial appendage. Twelve unipolar electrograms were recorded. AF was
induced with a progressively aggressive stimulation protocol. Fibrillation
intervals were measured at all recording sites. The mean of all fibrillatory

58 R.N.W. Hauer



intervals at a single site was used as an index for the local refractory period.
The averages and SD for these indices were calculated. Spatial dispersion of
refractoriness was determined by calculating the coefficient of dispersion
(CD), defined as the standard deviation of all local mean fibrillatory inter-
vals expressed as a percentage of the overall mean fibrillatory interval. Based
on the previous study [9], a CD value of 3.0 or less was considered normal.

Cx40 polymorphisms were detected by direct DNA sequencing [13].

Results

In the control group, AF was induced by burst pacing in the large majority of
patients, whereas in the AF group burst pacing was required in only one out
of 14 patients. Most patients were inducible to AF with only a single extra
stimulus in the AF group. Mean CD in control group was 1.59 ± 0.18 and in
the AF group 5.96 ± 0.70. In the AF group, 13 out of 14 patients had
enhanced CD (> 3.0), whereas in the control group all patients had a normal
CD. This difference was significant (P < 0.001). Since mean fibrillatory
intervals were not different in the two groups, the occurrence of remodelling
was very unlikely.

Through molecular genetic analyses, three groups could be distinguished:
(1) –44AA/+71GG, (2) –44GG/+71AA, and (3) the heterozygous group
–44GA/+71GA. AF was induced more easily with a single extra stimulus in
patients with the –44AA genotype (the rare genotype) than in those with the
–44GG genotype (86% vs 29%, P = 0.042). Carriers of the –44AA genotype
had a significantly higher CD than those with the –44GG genotype (6.37
1.21 vs 2.38 ± 0.39, P = 0.018). Heterozygotes had intermediate values.

Conclusions

Both triggers and an atrial electrophysiologic substrate contribute to the
development of AF episodes. In the absence of structural heart disease, AF
itself promotes a substrate due to electrical remodeling by shortening of
refractoriness. However, before this remodeling susceptibility to AF is due to
an initiating substrate. This substrate facilitates reentrant mechanisms and
appeared to be due to enhanced spatial dispersion of refractoriness. The ini-
tiating substrate is associated with a minor form of Cx40 polymorphism in
selected patients. Further studies are needed to confirm this relationship in
other patient categories and to assess causation.
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Inflammation and Infection: Underestimated Causes of Atrial

Fibrillation?

A.S. MONTENERO

Atrial fibrillation (AF) is the most common arrhythmia seen in clinical
practice and exacts a huge social and economic cost [1, 2]. Mortality in
patients with AF has been reported to be twice as high as that in controls
and stroke is the most important cause of death, occurring in up to 30% of
patients age 80–89 and in up to 15% patients age 50–59 [3]. Even in the
absence of a clinically apparent stroke, patients with AF, including those
with lone AF, have a high incidence of silent cerebral infarction on comput-
ed tomography scan [4].

Recent advances raise the hope of effective pharmacological and non-
pharmacological treatments of AF, and a better understanding of the patho-
physiological mechanisms involved in the initiation and persistence of the
arrhythmia. AF was initially defined as paroxysmal and chronic, but chronic
has been subdivided more recently into persistent and permanent [5]. Thus,
AF is ‘paroxysmal’ when it terminates spontaneously, ‘persistent’ when it
requires pharmacological or electrical cardioversion to terminate, and ‘per-
manent’ when all attempts to restore sinus rhythm fail. Specific management
of AF depends on clinical presentation, symptoms status, and the presence of
comorbidity. AF is associated with several medical and cardiac conditions
including ischaemic heart disease, hypertension, diabetes, hyperthyroidism,
rheumatic valvular disease, and congenital heart disease. In a sizable minori-
ty of patients, no medical or cardiac disease is present, prompting the desig-
nation of ‘lone AF’ (2.7–11.4%) [6].

Inflammatory changes in atrial structure have been demonstrated after
cardiac surgery [7], but also in patients with non-postoperative AF. Atrial
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histological abnormalities have been shown to be present in lone AF but not
in Wolff-Parkinson-White (WPW) syndrome. In the 66% of patients with
lone AF, the biopsies were compatible with myocarditis [8].

Recently, the level of C reactive protein (CRP), a sensitive marker of sys-
temic inflammation as shown in multiple prospective epidemiological stud-
ies, was found to be twice as high in AF patients than in a control group with
no history of atrial arrhythmia [9]. Therefore, CRP elevation in patients with
AF might be an expression of chronic infection.

Chronic gastritis due to chronic Helicobacter pylori (H. pylori) infection
has been suggested as a potential non-cardiovascular disease that predispos-
es to AF. H. pylori infects a large portion of the general population and the
infection is generally acquired in the childhood, progress long-life unless
treated and causes chronic gastric inflammation. Furthermore, some studies
reported that low-grade chronic systemic inflammation is associated with H.
pylori infection [10]. Thus, Montenero et al. [11] recently hypothesised that
H. pylori might be both a trigger and a substrate of chronic atrial inflamma-
tion, resulting in paroxysmal or persistent AF. They confirmed previously
reported data on higher levels of CRP in patients with AF and assessed the
possible association between H. pylori infection and AF in patients without
demonstrable structural heart disease [12].

That case-control study enrolled 60 consecutive patients (mean age 64.28
± 12.69) who were admitted to our Cardiology Department for AF, either
paroxysmal or persistent, and 23 patients with accessory pathways (WPW)
(mean age 45.75 ± 17.94). The control group, included 45 apparently healthy
volunteers (mean age 38.36 ± 12.95) with no history of atrial arrhythmias
and no concomitant acute or chronic disease. The case group included
patients suffering from AF but without structural heart disease; some
patients with hypertension but without structural heart disease were also
included. Exclusion criteria were: myocardial infarction, cardiothoracic
surgery, ischaemic heart disease, valvular disease, thyroid dysfunction, con-
genital heart disease, diabetes, and acute or chronic infections.

All patients underwent physical examination, ECG, echocardiography,
electrophysiological study, routine laboratory tests, including blood cell
count, erythrocyte sedimentation rate, serum electrolytes, transaminase,
urea, creatinaemia, glycaemia, cholesterol and triglycerides levels, thyroid
function tests, serological test for H. pylori, and CRP determination. Stress
test and coronary artery angiogram were also done when coronary artery
disease was suspected.

This study was planned after a prolonged clinical observation by
Montenero and colleagues, that a great number patients admitted to the
Cardiology Department of Policlinico MultiMedica for paroxysmal or persis-
tent AF also had gastric complaints. In particular, a 51-year-old man, who
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underwent several failed attempts to restore sinus rhythm with electrical
cardioversion and pulmonary-vein ablation, was admitted to the Internal
Medicine Department for chronic gastritis and H. pylori infection. He was
examined in the out-patients clinic after complete eradication of H. pylori
infection, at which time he was in sinus rhythm without antiarrhythmic
therapy.

As a result of this experience, Montenero et al. introduced the routine
determination of antibodies against H. pylori in laboratory tests and noticed
an association between AF and infection with the bacterium. Recent studies
have shown that false-negative, but not false positive results occur with the
serum antibody assay [12]. To the best of our knowledge, this was the first
study that demonstrated a highly significant correlation between AF and H.
pylori infection. In particular, the association between AF and infection was
very strong in patients with persistent AF, who demonstrated higher anti-
body seropositivity [median, 100 (72.6–100.00) UI/ml]. Moreover, the high
levels of CRP confirmed the presence of systemic inflammation, perhaps due
to H. pylori infection, in patients with AF.

In the past, many studies were aimed at identifying the triggers and the
substrate that sustain AF in the absence of structural heart disease (‘lone
AF’). Triggers may be sympathetic or parasympathetic stimulation, the pres-
ence of an accessory AV pathways, atrial stretch, and, more recently, atrial
beats originating from ectopic foci within pulmonary veins or the vena cava
[13]. The persistence of AF was considered as resulting from electrical and
structural remodelling, characterised by atrial dilatation and shortening of
the atrial effective refractory period, which promoted multiple reentrant
wavelets [14]. A chronic increase of haemodynamic load, such as happens in
hypertension, mitral valve disease, and heart failure, is often accompanied by
changes in myocardial segment length, causing extrasystoles in the stretch
region that can lead to AF [15]. Stress and strain activate stretch-activated
channel (SACs), resulting in channel opening, and modify the activities of
receptors and enzymes [16–17]. In addition, the presence of advanced fibro-
sis in the atrial region can perpetuate AF, because it produces slow electrical
conduction causing reentrant circuits [18].

Chung et al. were the first to document that an inflammatory state was
present in AF patients. In fact, CPR levels were higher in arrhythmia patients
than in controls, and particularly in persistent AF patients. The data of
Montenero’s group confirmed these preliminary results.

Thus, the persistence of AF may be induced by structural changes in the
atria promoted by inflammation, and recently reported results have support-
ed the hypothesis that an inflammatory process may modify the atrial sub-
strate, leading to AF [9].

Moreover, the occasional observation of complete disappearance of AF
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episodes after total eradication of H. pylori in the first very symptomatic
patient led to the idea that the bacterium could have been associated with
the inflammatory process. Therefore, this study supported a link between H.
pylori seropositivity and the presence of AF, with infection acting as the trig-
ger and substrate of the inflammation sustaining AF.

In industrialised countries, the prevalence of H. pylori infection in middle
age is 20–50%, and is mainly transmitted within families by oral ingestion,
saliva, and faeces [19]. H. pylori is a very aggressive bacterium that is able to
cross the gastric mucosa and attach to epithelial cells, evading the immune
response. H. pylori infection stimulates an important systemic and mucosal
humoral response, but the antibodies do not eradicate infection and may
contribute to tissue damage [20].

In the past, several studies have described a connection between H. pylori
infection and chronic disease, such as peptic ulcer, severe gastritis, gastric
cancer, and, more recently, atherosclerosis [21–23]. Infection has been shown
to increase the levels of lipid [24], fibrinogen [25], heat shock protein 65
[26], all of which are risk factors of atherosclerosis, and antibodies to the H.
pylori antigen CagA cross-react with antigens of both normal and athero-
sclerosis blood vessels. Moreover CagA-positive strains of H. pylori were
found not only in patients with coronary disease but also in those with
ischaemic stroke [27].

The study of Montenero et al. was the first to develop a correlation
between H. pylori and AF. Although all species of H. pylori are able to pro-
duce local inflammation, is likely that only certain strains induce the expres-
sion of host genes encoding potent pro-inflammatory agents, such as inter-
leukin-8 [28]. Evidence of this effect in patients with AF is currently lacking,
and, as recently demonstrated, it can change according to the host genetics
for cytokine production [29].

An interesting hypothesis is that some H. pylori strains are able to gain
access to the systemic circulation and have a peculiar tropism for the pul-
monary veins and other veins, such as the vena cava or coronary sinus.
However, the bacterium has yet to be detected in the blood, and it is there-
fore conceptually difficult to explain how it could reach the target vessel.

Moreover, some HP patients have autoantibodies against the H+/K+ ATP-
ase of gastric parietal cells; these antibodies have been found to cause corpus
atrophy [31]. Considering that there is a perfect similitude between the
H+/K+ ATP-ase, proton pump of gastric cells and the Na+/K+ ATP-ase pump
of cardiac cells, it may be that these autoantibodies against H+/K+ ATP-ase
also target the Na+/K+ ATP-ase, causing atrial damage. In fact, cardiac
Na+/K+ ATP-ase and H+/K+ ATP-ase have a similar 35-kDa glycoprotein nec-
essary for catalytic activity. The role of these pumps is to maintain ionic
homeostasis by ATP hydrolysis; therefore, loss of this balance may be a trig-
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ger for AF by inducing abnormal automaticity or an activity that causes
delayed after-depolarisations, leading to very rapid, premature atrial con-
tractions. Moreover, H. pylori may be the cause of epithelial cell damage
resulting from reactive oxygen or nitrogen species produced by activated
neutrophils [32], which lead to chronic inflammation and thus a substrate
for persistent form of AF.

While the current data point to an association between AF and H. pylori
infection, more data will be necessary to understand how this infection can
influence the pathogenesis of AF.
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Atrial Remodelling: What Have We Learned in the Last Decade?

G.V. NACCARELLI1, M.A. ALLESSIE2

Atrial Fibrillation Begets Atrial Fibrillation

Atrial fibrillation often progresses from its paroxysmal form to a more per-
sistent and permanent form. The evolution of this disease over time can be
partially explained by atrial remodelling, which may occur sooner rather
than later depending on whether atrial fibrillation is allowed to continue,
with progression of the structural heart disease. Three kinds of atrial remod-
elling have been proposed: electrical, structural, and contractile [1, 2].

In the instrumented goat model, Wijffels et al. documented that ‘atrial fib-
rillation begets atrial fibrillation’ [3]. In this model, there was evidence of
electrical remodelling with shortening of the atrial refractory period com-
pared to control within 24 h of atrial fibrillation. In addition, there was a
loss of rate adaptation of atrial refractoriness manifested by short atrial
effective refractory periods (AERPs) even at slower heart rates. The decrease
in atrial refractory periods resulted in an increase in the rate of atrial fibril-
lation, which therefore became more complex. Perpetuation of atrial fibrilla-
tion resulted in even shorter atrial fibrillatory intervals.

Role of Calcium Currents in Atrial Electrical Remodelling

The cellular electrophysiological changes typical of rapid atrial pacing and
atrial fibrillation are a decrease in action potential duration and a depression
of the action potential plateau [4, 5]. It has been reported that L-type calcium
current decreases within 24 h, consistent with the timing of the electrical
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remodelling noted above. Lai et al. [6] reported that mRNA of the L-type cal-
cium channel and of calcium-ATPase was significantly (P < 0.05) down-reg-
ulated in patients with atrial fibrillation of more than 3 months duration. It
has also been documented that outward KACh currents increase.

Some of the biochemical mechanisms explaining tachycardia-induced
changes on AERPs in humans have been described. Yu et al. [7] reported on 60
patients before and after induced atrial fibrillation. They documented that
AERP was shortened by 30 ms after induced atrial fibrillation (P < 0.0001)
and that shortening was attenuated by verapamil but unchanged by pro-
cainamide, propafenone, propranolol, sotalol, or amiodarone. In addition,
verapamil shortened the time course of post-atrial-fibrillation AERP
changes from 6.1 to 3.1 min (P < 0.001). Wijfells et al. [8] documented that
electrical remodelling was not mediated by changes in autonomic tone
ischaemic stretch or levels of atrial natriuretic factor. In a human study by
Daoud et al. [9], verapamil attenuated shortening of atrial refractory periods
after atrial fibrillation; procainamide was ineffective in preventing this
remodelling. Thus, the above cascade of electrical remodelling starts with a
decreased L-type calcium current and a decrease in action potential duration
followed by a decrease in the atrial fibrillation cycle length, which decreases
wave length and circuit size. Further evidence that verapamil reduces tachy-
cardia-induced remodelling of the atrium was reported by Tieleman et al.
[10]. They documented that electrical remodelling of the atrium during
rapid atrial pacing was attenuated (P < 0.01) by verapamil with only a mini-
mal decrease in the induction of atrial fibrillation by verapamil (34% vs con-
trol 39%; P = 0.03). These data suggest that electrical remodelling is at least
partially triggered by high calcium influx during rapid atrial pacing rates.

Electrical remodelling has important clinical significance. In the short-
term (hours–days), it appears to be completely reversible and to play a role
in the immediate (IRAF) and early (ERAF) recurrence of atrial fibrillation.
These changes also make atrial fibrillation more likely to be persistent and to
reduce the likelihood that class III drugs will be effective. Several investiga-
tors have shown that calcium channel blockade may minimise electrical
remodelling and ERAF [11, 12]. Also, beta-blockers prevent ERAF but only in
hypertensive patients with persistent atrial fibrillation, not in those with iso-
lated atrial fibrillation [13].

If atrial fibrillation begets atrial fibrillation, the opposite may be true.
Several studies support the concept that sinus rhythm begets sinus rhythm.
Dell’Orfano et al. [14] reported that spontaneous conversion was highest in
patients with the shortest episodes of atrial fibrillation. Dietrich et al. [15]
reported that the longer a patient remains in atrial fibrillation the harder it
is to cardiovert and maintain sinus rhythm. Hobbs et al. [16] documented
that the atrial fibrillation cycle length is shortest after prolonged atrial fibril-
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lation and progressively prolongs after cardioversion, with prolonged peri-
ods of sinus rhythm. Rapid conversions of atrial fibrillation by internal atrial
defibrillators prolong the time to its next occurrence.

Structural and Contractile Remodelling of the Atria

During atrial fibrillation remodelling, there are different time domains [1, 2,
17]. In the short term, within seconds to minutes, metabolic changes, includ-
ing ion concentration, pump activity, and phosphorylation, take place. The
next step is an intermediate phase, lasting hours to days, that is characterised
by altered gene expression and calcium down-regulation. Longer term
effects, lasting weeks to months, include cellular changes, such as dedifferen-
tiation and myolysis. Finally, there is a very long-term phase, involving the
persistence of atrial fibrillation from months to years. In this phase, there is
irreversible tissue damage, with histological changes showing fibrosis, fatty
degeneration, and cell death.

Structural changes from remodelling show left atrial appendage enlarge-
ment, reduced atrial contractility, decreasing cardiac output, and an
increased propensity for clot formation. Whether histological changes occur
due to cardiomyocyte degeneration depends on the duration of the remodel-
ling. Using atrial pressure volume-loop studies, Schotten et al. [18] reported
that there is atrial stunning and contractile remodelling even 48 h after atri-
al fibrillation. Although the refractory period is shortened during this phase,
once conversion of atrial fibrillation occurs, not only do the atrial refractory
periods return to normal but the atrial work index and contractile function
also return. Thus, with dilatation of the atrium, sinus rhythm also reverts to
atrial fibrillation, and once sinus rhythm returns the atrium shrinks back to
a more normal size. This has been documented in multiple studies, while left
atrial volume increases have been shown in echo studies [19]. In addition,
the return to improved left atrial function after cardioversion of persistent
atrial fibrillation has been documented in echo Doppler studies [20]. Left
atrial emptying, after DC cardioversion of atrial fibrillation, takes up to 3
weeks to return to normal baseline due to atrial stunning. AVE0118 has been
documented to enhance atrial contractility in the isolated right atrium in
atrial fibrillation patients [21]. This positive chronotropic effect may be an
added benefit of such drugs.

As noted above, heart failure provokes dilatation and left atrial volume
increases over time. In turn, dilatation can provoke stretched-induced
arrhythmias [22, 23]. Regional stretch for even 30 min can alter stretch-acti-
vated channels. This may also augment the synthesis of angiotensin II, which
induces myocyte hypertrophy, increases L-type calcium current, and
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decreases Ito. In addition to increased atrial size, increases in atrial pressure
load can alter the electrophysiologic properties of the atrium through stretch
receptors purportedly located in the sarcolemmal membrane. Acute and
chronic atrial dilatation diminishes resting-membrane potential and action-
potential amplitude, thereby decreasing conduction velocity and increasing
the heterogeneity of atrial repolarisation. Although atrial stretch may
increase calcium influx through stretch-activated and L-type calcium chan-
nels in the short-term, long-standing atrial fibrillation leads to decreased
inward L-type calcium currents by as much as 60–70%, accelerating repolari-
sation and thereby shortening the atrial action potential duration and effec-
tive refractory period. Atrial fibrillation can also stimulate transient calcium
flux by substantial increases in the sodium–calcium exchanger, which is
thought to be responsible for delayed after-depolarisations and triggered
activity.

Several investigators [24–26] have documented histological remodelling
of the atrium by 4 months of atrial fibrillation, as evidenced by myolysis,
enlarged atrial cells, glycogen accumulation, and a reduction in connexin 40
expression. The development of small islands without connexin make atrial
fibrillation more complex; and in the presence of fibrosis and conduction
abnormalities atrial fibrillation can persist through micro-reentrant mecha-
nisms. This structural remodelling appears to be a slow process, often taking
as long as 2–3 months.

Does Blockade of the Angiotensin System Have Benefit?

Li et al. [27] have shown that fibrosis may be minimised by the addition of
the ACE inhibitor enalapril. Other studies [28, 29] have demonstrated that
ACE inhibitors and angiotensin receptor blockers can reverse some of the
anatomic remodelling that occurs with atrial fibrillation. In addition, data
from TRACE and SOLVD suggest that ACE inhibitors and angiotensin recep-
tor blockers prevent atrial fibrillation [30, 31]. Madrid et al. [32] prospective-
ly documented that patients with persistent atrial fibrillation treated with
amiodarone plus irbesartan had a lower recurrence rate of atrial fibrillation
post-conversion compared to patients receiving amiodarone alone. Murray
et al. [33], based on an AFFIRM sub-study, documented that the benefits of
ACE inhibition and angiotensin receptor blockers in preventing atrial fibril-
lation appear to be limited to patients with congestive heart failure and left
ventricular dysfunction. Whether the benefit of angiotensin II blockade is
secondary to decreasing atrial stretch, minimising and reversing atrial fibro-
sis, and other structural changes, or occurs through some direct antagonistic
effect on the angiotensin system is not clear.
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Can Atrial Selective Potassium Channel Blockade Attenuate Atrial

Remodelling?

As noted above, classic class III agents that block the IKr channel seem to be
ineffective once the atrium has remodelled. Newer drugs targeting the IKur

and the IKACh channel, which are not expressed in the ventricle, appear to
have different results [34]. Thus, the efficacy of drugs like D-sotalol in block-
ing IKr decreased as a result of electrical remodelling during 48 h of atrial
fibrillation, whereas newer antiarrhythmic drugs, such as AVE0118, which
blocks IKur, Ito, and IKACh, do not lose efficacy by electrical remodelling [35].
AVE0118 significantly increased AERP in the remodelled compared to the
normal atrium [35]. Hopefully, this unique electrophysiological action will
lead to better efficacy for termination and prevention of atrial remodelling
in patients with persistent atrial fibrillation. These newer drugs, due to their
relative atrial selectivity, may also minimise problems with ventricular
proarrhythmias, such as torsades de pointes [34].

Can Catheter Ablation Reverse Atrial Remodelling?

Whether histological changes can be reversed in advance stages of atrial fib-
rillation is controversial. An encouraging report showed that following pul-
monary vein isolation procedures in congestive heart failure, that left ven-
tricular ejection fraction, fractional shortening improved, with a decrease in
left ventricular dimensions in addition to an improvement in exercise capac-
ity and quality of life [36].

Conclusions

The progression of atrial fibrillation may be explained by the above-
described effects of atrial remodelling. Maintaining sinus rhythms in atrial
fibrillation by whatever means may slow the progression of remodelling and
give patients benefit until safer antiarrhythmic drugs and ablation proce-
dures are developed.
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Atrial Fibrillation and Heart Failure: Does One Epidemic Feed

the Other?

G. BORIANI, M. BIFFI, C. MARTIGNANI, C. VALZANIA, I. DIEMBERGER, M. ZIACCHI,
D. SAPORITO, P. ARTALE, G. DOMENICHINI, L. FRABETTI, A. BRANZI

The Epidemiology of Atrial Fibrillation and Heart Failure

Atrial fibrillation (AF) and chronic heart failure (HF) are two common car-
diac diseases, affecting 1–2% of the population [1–3] with a prevalence that
rises steeply with age. AF and HF are conditioned by common risk factors
and frequently coexist [3].

AF is the most common sustained arrhythmia, and the need for treat-
ment constitutes an important burden on health care systems. It is estimated
that 2.3 million Americans and probably a similar number of Europeans are
affected by AF. Projected data from the ATRIA study indicate that the num-
ber of people in the United States affected by AF will increase to more than
5.6 million in the coming decades, corresponding to a 2.5-fold increase [4].
HF is also a very frequent cardiovascular disorder, and it is estimated that it
affects 15–20 million people worldwide. HF represents the most important
risk factor for AF in developed countries where the prevalence of rheumatic
heart disease has declined and a large amount of patients affected by various
heart diseases survive to old age. Approximately two thirds of patients with
HF are older than 65 years of age and thus have a high probability of AF pre-
senting as a comorbidity [3]. In the Framingham study, HF was associated
with a five- to six-fold increased risk of AF, which was higher than the risk
related to valvular heart disease [5].

The most impressive data on the risk of developing AF or HF during life
come from two studies from the Framingham cohort, where the cumulative,
lifetime risk of developing AF [6] or HF [7] was evaluated in more than 8000
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patients followed from 1968 through 1999. In these studies, the lifetime risk
of developing AF and HF, for subjects aged 40 years or more, was 1 in 4 and
1 in 5, respectively.

The true epidemiological burden of AF–HF comorbidity in the ‘real
world’ is only partially known and is surely underestimated by any analysis
based on randomised clinical trials examining HF, where AF is often one of
the exclusion criteria. Indeed, as shown in Fig. 1, the prevalence of AF is
higher in hospitalised HF patients or in community HF patients than in HF
patients participating in randomised clinical trials [8].

The Euro Heart Failure survey, conducted in 24 countries in Europe,
showed that up to 45% patients with HF presented with AF, in the intermit-
tent or chronic form. According to the Euro Heart Failure survey, the overall
prevalence of new onset AF in patients with HF requiring hospitalisation was
13%, ranging from 8% to 36% [9]. The prevalence of AF was related to the
severity of HF, varying between 10% and 20% in mild to moderate HF to
50% in patients with more advanced HF [3, 9–11].
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The Interplay Between Atrial Fibrillation and Heart Failure

A temporal sequence of AF preceding HF gains further support from a
prospective epidemiologic investigation. The Manitoba Follow-Up Study
examined the relationship of AF to the development of HF in a cohort of
men fit for pilot training in the Canadian Air Force [2]. Adjusting for other
cardiovascular conditions and risk factors, the investigators found that sub-
jects with AF had an independent 3-fold increase in the risk for developing
congestive heart failure during follow-up. Since HF is a well known risk fac-
tor for AF, the extent to which AF causes HF, as opposed to HF causing AF,
remains unclear. In many instances, the conditions are interdependent.

In clinical practice, the relationship between AF and HF, or left ventricu-
lar dysfunction, is intriguing. Indeed, AF may cause HF, particularly when
there is a fast uncontrolled ventricular response. This form of HF may be
reversible after rhythm or rate-control and is called tachycardiomiopathy
[12–14]. At the initial patient observation, it may be quite difficult to distin-
guish it from the most common phenomenon of AF facilitated by the
mechanical, electrophysiological, and neurohormonal derangements caused
by HF in a background of primary ventricular dilation and ipokinaesia.

The haemodynamic consequences of AF are related to the loss of atrial
contribution to cardiac output, to an increase in heart rate with shortening
in the duration of diastole, and to irregularity in the diastolic intervals. The
loss of atrial contribution to ventricular filling may be well-tolerated in a
healthy heart but may have adverse consequences in the presence of left ven-
tricular dysfunction. Loss of atrial transport is particularly significant if
there is impairment in left ventricular filling due to reduced diastolic com-
pliance or to mitral stenosis. In this kind of patient, a high heart rate or an
irregular heart rate with frequent short diastolic intervals will be poorly tol-
erated. Over the long term, a sustained uncontrolled tachycardia with heart
rate higher than 120 beats/min gives rise to an impairment of left ventricu-
lar function with various degrees of ventricular dysfunction. This may result
in an important worsening of the patient’s condition, unless heart rate can be
controlled or sinus rhythm restored. This clinical condition is known as
‘tachycardiomyopathy’ or ‘tachycardia-induced cardiomyopathy’ [12–14].

The Relationship Between Atrial Fibrillation and Heart Failure: A

Chicken–Egg Dilemma?

In clinical practice, the diagnosis of tachycardiomyopathy remains a difficult
issue, since characterisation of patients with pure reversible tachycardia-
induced cardiomyopathy and differentiation from other patients with dilated
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cardiomyopathy is very difficult ‘a priori’ and constitutes a ‘chicken–egg type
of dilemma’ [12–16]. Tachycardiomyopathy may be suspected by the coexis-
tence of chronic AF and of left ventricular dysfunction with improvement in
cardiac performance following rate control or rhythm control. However, even
the absence of improvement does not demonstrate that a tachycardiomyopa-
thy component was not present, since it may reflect an advanced stage of
irreversible tachycardia-related myocardial injury [12–16]. Indeed, the
degree of regression of ventricular dysfunction with rate control depends on
several factors and may be total, partial, or absent.

Apart from clear cases of tachycardiomyopathy secondary to AF, there is
also the possibility that AF may have a subtle long term deleterious effect on
left ventricular function [14]. Indeed, a subtle form of cardiomyopathy sec-
ondary to chronic AF may be related to a series of factors including: (1) con-
trolled heart rate at rest but with disproportionately high rates (> 120
beats/min) during minor exercises and normal daily activity [16], (2) lack of
physiological rate-response during daily activity, and (3) irregularity of the
ventricular cycle during AF. Patients with already impaired left ventricular
function and excessive sympathetic activation may be particularly prone to
this possibility. The real prevalence of these forms of occult or latent tachy-
cardiomyopathy among patients with chronic persistent AF is unknown, but
a series of observations suggests its relevance [14–16].

Clinical Significance of Atrial Fibrillation in Heart Failure

In the Framingham Study, the development of AF in patients with HF was
associated with a 2.7-fold increased risk of death in women and a 1.6-fold
risk in men [17]. Middlekauff et al. analysed a series of 390 patients with
advanced HF and found that AF was associated with a higher risk of all-
cause and sudden death mortality compared with sinus rhythm [10]. In the
SOLVD trials, a 1.3-fold greater risk of all-cause death related to AF was
found [18]. This increase was probably linked to an increase risk of death
from progressive pump failure. In the DIAMOND trial, the presence of AF in
HF patients was associated with significantly lower survival compared with
patients in sinus rhythm [19].

Costs of Atrial Fibrillation and Heart Failure

The cost of hospitalising patients with AF in the United States has been esti-
mated to be approximately $1 billion annually. According to Medicare data,
the relative hospital costs in 1991 of 12 625 elderly Medicare patients with
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recent-onset AF compared to matched patients without AF ranged from
$1442 in 75- to 84-year-old women, to $3250 in 65- to 74-year-old women. In
both men and women, and across the two decades of age studied, patients
with AF had significantly higher annual hospital costs than subjects without
AF [20]. Similarly, and even more impressively, the costs of HF are becoming
a major threat to health care systems, especially in relationship with increas-
ing costs for hospitalisation [21]. According to data reported by the
American Heart Association, the treatment of HF in the United States in
2004 accounted for an overall cost of 26.8 billion dollars.

Therapeutic Implications of Atrial Fibrillation and Heart Failure

Comorbidity

The multiple relationships between AF an HF make the therapeutic approach
extremely complex and multifactorial. Indeed, for both AF and HF a wide
variety of therapeutic endpoints can be considered, ranging from symptom
relief to mortality prevention, and including the prevention of major events,
an improvement in quality of life, and a reduction in hospitalisation. Even
limiting this analysis of potential therapeutic endpoints to AF, a complex pic-
ture emerges, as shown in Table 1. The complexity of any therapeutic
approach to AF–HF comorbidity is magnified by the wide range of potential
treatment options for AF, including atrial cardioversion and rhythm control
[3, 22, 23], pharmacological or non-pharmacological rate control [3, 15],
ablation directed on the atrial substrate with the aim to suppress AF [25],
and algorithms for atrial pacing combined with cardiac resynchronisation
therapy [26]. With regard to the treatment of HF, a favourable effect on AF
has been documented for a ser ies of drugs used in HF treatment
(angiotensin converting enzyme inhibitors and AT-1 receptor blockers) [11].

Conclusions

The interplay between AF and HF is complex, and the clinical implications of
this relationship are currently enhanced by the epidemiological relevance of
both HF and AF. Until more precise clinical data are available, from prospec-
tive controlled evaluations, rate control and rhythm control should be pur-
sued in all patients with a clinical picture of unrecognised and unexplained
HF/ventricular dysfunction coupled with AF at relatively fast ventricular
response. This may allow interruption of the vicious cycle existing between
AF and HF, in which each disease facilitates, promotes, and worsens the
other. A wide range of pharmacological and non-pharmacological treat-
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ments is currently available, and, in view of the variable clinical picture of
the patients and the clinical priorities, tailoring of medical decisions appears
to be mandatory.
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Table 1. Potential therapeutic endpoints in the treatment of atrial fibrillation (AF)

Symptoms
• Palpitations
• Dyspnoea
• Fatigue
• Dizziness/syncope
• Others

Clinical events
• Stroke/ thromboembolism
• Haemorrhagic complications
• Onset/ worsening of heart failure
• Death
• Others

Medical interventions
• Hospitalisation
• Hospitalisation for heart failure
• Electrical cardioversion

Rhythm endpoints
• Measures of rhythm control
• Measures of rate control
• Days spent in AF
• AF burden
• Others

Other clinical measures
• Functional capacity
• Quality of life
• Ventricular function
• Cognitive function
• Other

Economic endpoints
• Cost
• Cost-effectiveness 



References

1. Kannel WB, Abbott RD, Savage DD et al (1982) Epidemiologic features of chronic
atrial fibrillation: the Framingham Study. N Engl J Med 306:1018–1022

2. Krahn AD, Manfreda J, Tate RB et al (1995) The natural history of atrial fibrillation:
incidence, risk factors, and prognosis in the Manitoba Follow-Up Study. Am J Med
98:476–484

3. Khand AU, Rankin AC, Kaye GC et al (2000) Systematic review of the management
of atrial fibrillation in patients with heart failure. Eur Heart J 21:614–632

4. Go AS, Hylek EM, Phillips KA et al (2001) Prevalence of diagnosed atrial fibrilla-
tion in adults: national implications for rhythm management and stroke preven-
tion: the AnTicoagulation and Risk Factors in Atrial Fibrillation (ATRIA) Study.
JAMA 285:2370–2375

5. Benjamin EJ, Levy D, Vaziri SM et al (1994) Independent risk factors for atrial
fibrillation in a population-based cohort. The Framingham Heart Study. JAMA
16:840–844

6. Lloyd-Jones DM, Wang TJ, Leip EP et al (2004) Lifetime risk for development of
atrial fibrillation: the Framingham Heart Study. Circulation 110:1042–1046

7. Lloyd-Jones DM, Larson MG, Leip EP et al (2002) Lifetime risk for developing con-
gestive heart failure: the Framingham Heart Study. Circulation 106:3068–3072

8. Badano LP, Di Lenarda A, Bellotti P et al (2003) Patients with chronic heart failure
encountered in daily clinical practice are different from the ‘typical’ patient enrol-
led in therapeutic trials. Ital Heart J 4:84–91

9. Cleland JG, Swedberg K, Follath F et al (2003) The EuroHeart Failure survey pro-
gramme: a survey on the quality of care among patients with heart failure in
Europe. Part 1: patient characteristics and diagnosis. Eur Heart J 24:442–463

10. Middlekauff HR, Stevenson WG, Stevenson LW (1991) Prognostic significance of
atrial fibrillation in advanced heart failure. A study of 390 patients. Circulation
84:40–48

11. Savelieva I, Camm AJ (2004) Atrial fibrillation and heart failure: natural history
and pharmacological treatment. Europace 5:S5-S19

12. Grogan M, Smith HC, Gersh BJ et al (1992) Left ventricular dysfunction due to
atrial fibrillation in patients initially believed to have idiopathic dilated cardiomyo-
pathy. Am J Cardiol 69:1570–1573

13. Shinbane JS, Wood MA, Jensen DN et al (1997) Tachycardia-induced cardiomyo-
pathy: a review of animal models and clinical studies. J Am Coll Cardiol
29:709–715

14. Boriani G, Biffi M, Rapezzi C et al (2003) Late improvement in ventricular perfor-
mance following internal cardioversion for persistent atrial fibrillation: an argu-
ment in support of concealed cardiomyopathy. Pacing Clin Electrophysiol
26:1218–1226

15. Boriani G, Biffi M, Diemberger I et al (2003) Rate control in atrial fibrillation: choi-
ce of treatment and assessment of efficacy. Drugs 63:1489–1509

16. Van Den Berg MP, Tuinenburg AE, Crijns HJGM et al (1997) Heart failure and atrial
fibrillation: current concepts and controversies. Heart 77:309–313

81Atrial Fibrillation and Heart Failure: Does One Epidemic Feed the Other?



17. Wang TJ, Larson MG, Levy D et al (2003) Temporal relations of atrial fibrillation
and congestive heart failure and their joint influence on mortality : the
Framingham Heart Study. Circulation 107:2920–2925

18. Dries DL, Exner DV, Gersh BJ et al (2001) Atrial fibrillation is associated with an
increased risk for mortality and heart failure progression in patients with asymp-
tomatic and symptomatic left ventricular systolic dysfunction: a retrospective
analysis of the SOLVD trials. Studies of Left Ventricular Dysfunction. J Am Coll
Cardiol 32:695–703

19. Pedersen OD, Bagger H, Keller N et al (2001) Efficacy of dofetilide in the treatment
of atrial fibrillation-flutter in patients with reduced left ventricular function: a
Danish investigations of arrhythmia and mortality on dofetilide (Diamond) sub-
study. Circulation 104:292–296

20. Wolff PA, Mitchell JB, Baker CS et al (1995) Mortality and hospital costs associated
with atrial fibrillation. Circulation 92:I-140 (abs)

21. Berry C, Murdoch DR, McMurray JJ (2001) Economics of chronic heart failure. Eur
J Heart Fail 3:283–291

22. Boriani G, Biffi M, Camanini C et al (2004) Efficacy of internal cardioversion for
chronic atrial fibrillation in patients with and without left ventricular dysfunction.
Int J Cardiol 95:43–47

23. Boriani G, Diemberger I, Biffi M et al (2004) Pharmacological cardioversion of
atrial fibrillation: current management and treatment options. Drugs 64:2741–2762

24. Hsu LF, Jaïs P, Sanders P et al (2004) Catheter ablation for atrial fibrillation in con-
gestive heart failure. N Engl J Med 351:2373–2383

25. Jessup M, Brozena S (2003) Heart failure. N Engl J Med 348:2007–2018
26. Boriani G, Biffi M, Martignani C et al (2004) Cardiac resynchronization by pacing:

an electrical treatment of heart failure. Int J Cardiol 94:151–161

82 G. Boriani et al.



Atrial Fibrillation: What Is the Impact of the Different

Therapies on Quality of Life?

B. LÜDERITZ

Atrial fibrillation (AF) is a frequent and costly health care problem. In
patients with AF, the restoration and maintenance of sinus rhythm is the
primary therapeutic goal. The most frequent strategy for maintaining sinus
rhythm after restoration is the use of anti-arrhythmic drugs. The efficacy
of therapy in AF has been predominantly measured using objective criteria
such as mortality and morbidity. In recent years, the importance of quality
of life as an outcome measure has been recognised. However, few published
studies have examined quality of life in patients with AF using properly
validated tools. In addition, the specific impact of anti-arrhythmic treat-
ment on quality of life in patients with AF has not been assessed. These
issues are now being addressed in several ongoing studies. This article
attempts to define quality of life, makes recommendations on how it might
be assessed, and reviews our current knowledge regarding quality of life in
patients with AF.

AF is the most frequently experienced cardiac arrhythmia, affecting an
estimated 2.2 million people in the United States, and approximately 6 mil-
lion in Europe. Approximately 1.2 million patients are suffering from parox-
ysmal AF, and about 1 million from persistent AF. A rate of conversion from
paroxysmal AF to persistent AF of 30% is anticipated [1]. The prevalence of
AF increases with age [2], ranging from less than 1% at 50–59 years to near-
ly 9% at 80–89 years [3]. In addition to palpitations, patients with AF have
an increased risk of stroke and can develop decreased exercise tolerance
and left ventricular dysfunction [4]. All of these problems may be reversed
with restoration and maintenance of sinus rhythm. Thus, treatment of AF is
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warranted in the hope of eliminating symptoms, preventing complications,
and possibly decreasing the excess mortality associated with this arrhythmia
[5]. The primary intervention for maintaining sinus rhythm after restoration
is use of anti-arrhythmic drugs. However, many of the existing drugs have
only limited efficacy and are associated with considerable undesirable
adverse effects. Current treatment is therefore suboptimal [6].

In patients with AF, the restoration and maintenance of sinus rhythm is
the primary therapeutic goal. Once sinus rhythm is maintained, physiologi-
cal rate control is restored and left ventricular ejection fraction, cardiac out-
put, and exercise capacity are increased. This improved cardiovascular per-
formance 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 important. To address the quali-
ty-of-life issues, rigorous yet practical approaches are needed to enable a
comprehensive understanding of quality of life in patients with AF [7].
Different instruments can be used to measure various parameters reflecting
quality of life. The most important items to be considered for endpoints and
outcome events for the assessment of therapy for AF, as agreed by the
European Society of Cardiology Atrial Fibrillation Endpoints Working Group
in June 2000, are listed in Table 1 [8–13].

84 B. Lüderitz

Table 1. Meaningful endpoints for quality of life evaluation in AF patients

Frequency of episodes

Duration of episodes

Hospitalisations

Frequency of symptoms

Type of AF: ‘Paroxysmal, Persistent, Permanent’ or ‘Initial, Recurrent, Established’
respectively

AF and NYHA classification

General life satisfaction (general health and well being)

Cardiac symptom frequency / cardiac symptom severity (symptom burden)

SF-36 category

Mental health / social functioning (emotional/social functioning)

Physical role, vitality (physical functioning)

Somatisation

Gender men/women (SF-36)

Outcome scores (follow-up)

Silent AF vs symptomatic AF

Age < 50 years, > 50 years
continue →



Rhythm Control or Rate Control and Anticoagulation

The clinical categorisation relating to 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 anticoagulation
and (2) rate control and anticoagulation. There is no clear evidence that one
of these strategies is superior to the other [14]. Our knowledge about the
efficacy and safety of various therapeutic strategies is insufficient, especially
with respect to the direct comparison of re-establishment of sinus rhythm by
drugs in comparison to rate control [14].

Ventricular Rate Control By AV Junction Ablation

Haemodynamic effects of complete atrioventricular (AV) junction ablation
with subsequent regular ventricular pacing are exclusively due to rate con-
trol and regularisation of ventricular contraction rather than to atrial con-
tractile function and previous AV synchrony. Several studies have been pub-
lished that underline the beneficial effects of complete AV junction ablation
in patients with AF, fast ventricular response, and depressed left ventricular
function (Table 2) [9, 15–21].

RFC Ablation

The frequency of hospital admissions and emergency room visits and the
number of anti-arrhythmic drugs taken decreased significantly after
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Comparison to other settings (Post Myocardial Infarction, Implantable Cardioverter/
Defibrillator

Congestive Heart Failure

Therapeutic interventions: radiofrequency catheter and atrioventricular node abla-
tion

Medical therapy vs ablation

AV junction ablation

Cardiac Output-change (rest, exercise) after cardioversion

Effects of Maze operation

New technology for therapy (new leads, new algorithms, ATP, stabilisation features)

Table 1, continue



radiofrequency catheter (RFC) ablation and pacemaker implantation.
Activity capacity improved significantly after ablation in patients with
depressed left ventricular function. All improvements after ablation were
maintained over 6 months follow-up. However, compared with patients with-
out AF before ablation, patients who did have AF before ablation had less
improvement in general quality of life, frequency of significant symptoms,
and symptoms during attacks [22].

In summary, it has been shown that not only pharmaceutical but, even
more, electrical treatment can enhance quality of life in patients with AF
(Table 3) [23].
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Table 2. Impact of complete atrioventricular (AV) junction ablation and pacemaker
implantation on left ventricular haemodynamics, exercise capacity, and quality of life

Author No. Haemodynamics Exercise Quality 
of patients capacity of life

Heinz et al. [15] 10 (10/0) + 0 –

Twidale et al. [16] 14 (7/7) + + –

Rodriguez et al. [17] 30 (3/2) + – –

Brignole et al. [18] 23 (23/0) + + +

Edner et al. [19] 29 (17/12) + + –

Fitzpatrick et al. [20] 90 (54/46) + + +

Natale et al. [21] 29 (17/12) + + +

Schumacher and Lüderitz [9] 45 (27/18) + + +

+ Significant improvement, 0 no significant improvement, – no data available

Table 3. Estimates by scorig points of health-related quality of life (SF-36 categories),
medical therapy vs ablation therapy [16]. Higher score indicates higher quality of life

SF-36 category Medical therapy Ablation therapy
Baseline Follow-up P value Baseline Follow-up P value

Physical function 71 ± 26 81 ± 24 < 0.05 70 ± 25 83 ± 27 < 0.005

Physical role 54 ± 41 65 ± 38 < 0.05 47 ± 38 81 ± 31 < 0.001

Bodily pain 67 ± 17 63 ± 245 ns 72 ± 15 81 ± 20 < 0.05

General health 68 ± 19 69 ± 21 ns 65 ± 21 79 ± 21 < 0.001

Vitality 50 ± 16 55 ± 21 ns 51 ± 22 66 ± 22 < 0.005

Social function 68 ± 24 78 ± 26 < 0.01 72 ± 26 83 ± 29 < 0.001

Emotional role 74 ± 40 78 ± 36 ns 79 ± 37 94 ± 17 < 0.05

Mental health 69 ± 15 73 ± 19 < 0.05 68 ± 19 77 ± 18 < 0.01

ns Not significant
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‘Pill-In-The-Pocket’ Approach for Outpatient Treatment 

of Recent Onset Atrial Fibrillation: The Obvious Solution?

P. ALBONI

In the clinical setting, some patients with recurrent atrial fibrillation (AF)
present with episodes that are not frequent (< 1 per month) and are haemo-
dynamically well tolerated, but which are long enough to require emergency
room (ER) intervention or hospitalisation. These patients need treatment,
but long-term oral prophylaxis or catheter ablation may not be the most
appropriate first-line therapy. Rather, a good method of treatment in this
group of patients might be the ‘pill-in-the-pocket’ approach, consisting of
single-dose oral ingestion at the time and place of palpitation onset. This
type of treatment has already been investigated in studies carried out in hos-
pital 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]. Both drugs showed similar efficacy, 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 reported [1–6,
8–13, 15, 16]. The most serious side effect seems to be the appearance of a
transient atrial flutter with high ventricular rate owing to 1:1 atrioventricu-
lar (AV) conduction (in about 1% of patients).

Very recently, out-of-hospital treatment with the ‘pill-in-the-pocket’
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approach has been investigated in an Italian multi-centre study [17].
Inclusion criteria were as follows:
– Age between 18 and 75 years with requirement for ER intervention for

recent onset AF (< 48 h).
– History of palpitation with abrupt onset, haemodynamically well tolerat-

ed (absence of symptoms such as dyspnoea, pre-syncope, or syncope).
– Number of episodes in the last year < 1 per month.
– Absence of cardiological 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 cardiology ward. For AF
conversion, oral propafenone and flecainide were administered in a single
dose according to the weight of the patient: flecainide 300 mg if the patient
weighed ≥ 70 kg, otherwise 200 mg; propafenone 600 mg if the patient
weighed ≥ 70 kg, otherwise 450 mg. The drug treatment was considered
‘successful’ if the conversion time to sinus rhythm was within 6 h after drug
administration, without severe side effects.

Two hundred and sixty-eight patients with recent-onset AF received an
in-hospital oral loading dose of flecainide and propafenone. Of these, 58
were ruled out of the out-of-hospital treatment: in 3 (1%) 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 4, atrial flutter in 7, one of
whom had 1:1 AV conduction, and slightly symptomatic bradycardia in 3).
The remaining 210 patients (age 59 ± 11 years) were discharged on fle-
cainide or propafenone for ‘pill-in-the-pocket’ treatment of recurrent AF.
One hundred and eighteen patients had no signs of heart disease and the
remaining 92 (43%) had mild heart disease. The mean follow-up was 15 ± 5
months; 4 patients were lost just after enrolment. 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 effica-
cy 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-
centre study, time to symptom resolution after drug ingestion was 113 ± 84
min (median 98 min). Sixteen arrhythmic episodes were interrupted after
an interval of more than 6 h without the patients contacting the ER. Twenty-
six episodes (5%) required ER intervention, and 10 of these (2%) also
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required hospitalisation of the patient. Out of the 618 episodes, 49 were not
treated, mainly because of drug unavailability, and 5 (10%) of these required
ER intervention. Thus, during the follow-up period, the number of ER con-
tacts among the treated and untreated arrhythmic episodes was 31 (5%), and
10 of them also needed hospitalisation. Out of the 31 calls for ER interven-
tion, 19 were due to AF lasting more than 6 h, 1 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 versus 45.6,
P < 0.001). The number of hospitalisations per month during the follow-up
period was also significantly lower (1.6 versus 15.0 P < 0.001). Adverse
effects during one or more arrhythmic episodes were reported in 12 out of
the 165 patients (7%) who utilised the drug during the follow-up. One
patient (0.7%) felt a marked acceleration of heart rate after drug ingestion
and contacted the ER; electrocardiogram showed atrial flutter with 1:1 AV
conduction. This means that successful in-hospital treatment does not com-
pletely prevent the appearance of atrial flutter at 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 using
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 over 90% of arrhythmic episodes after
patient selection on clinical grounds and on the basis of the results of in-
hospital treatment. Episodic treatment minimises the need for ER and hospi-
tal 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) could further reduce calls for ER
intervention. The marked reduction in ER and hospital admissions, besides
avoiding prophylactic treatment, will help to reduce the economic impact of
AF, although in only quite a small group of patients with this tachyarrhyth-
mia. The safety of this approach without previous evaluation of in-hospital
treatment remains to be investigated; therefore, at present, oral flecainide or
propafenone must be tested once in hospital before prescription for out-of-
hospital treatment.

Contraindications to this treatment, listed in Table 1, must always be
considered. If the patient is undergoing chronic treatment with anti-arrhyth-
mic drugs, the loading dose of flecainide or propafenone cannot be utilised,
but if the patient appears suitable for the ‘pill-in-the-pocket’ treatment, the
chronic therapy can be suspended and the loading dose given during the
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next AF relapse. AV nodal blockers (β-blockers, verapamil, diltiazem) for
treatment of hypertension or other diseases can be administered chronically.

Before discharge, patients should be given some recommendations:
– They should take the drug 5 min after any onset of typical palpitation
– After taking it, they should rest (sitting or lying down) until the palpita-

tion has stopped or at least 4 h have passed
– They should contact the ER if palpitation has not ceased 8 h after they

took the drug, or if they have symptoms that have not occurred during
previous arrhythmic episodes (e.g. dyspnoea, pre-syncope, or syncope),
or if they feel a marked increase in heart rate after taking the drug

– They must take no more than one oral dose during any 24-h period
– They must not take less than the prescribed dosage of the drug

The practical management of patients suitable for out-of-hospital treat-
ment with the pill-in-the-pocket approach is summarised in Fig. 1.
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Table 1. Contraindications to treatment using the ‘pill-in-the-pocket’ approach

Hyperthyroidism

Left bundle branch block or bifascicular block

Ischaemic heart disease

Dilated or hypertrophic cardiomyopathy

History of heart failure

Severe valvular heart disease

Chronic cor pulmonale

Left ventricular dysfunction (ejection fraction < 50%)

Long QT interval or Brugada syndrome

Bradycardia–tachycardia syndrome (resting sinus rate < 50 bpm)

Documentation of previous episodes of second- or third-degree AV block

Acute disease

Very severe chronic disease

Renal or hepatic insufficiency

Previous hypokalaemia (potassium level < 3 mmol/l)

Suspected or known pregnancy

Current prophylactic anti-arrhythmic treatment
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Fig. 1. Practical management of patients suitable for the ‘pill-in-the-pocket’ approach

Patients  75 years with mild heart disease or none, requiring ER intervention for an

episode of recent-onset AF (< 48 h), with a history of palpitations of abrupt onset, not

very frequent (  1 per month), haemodynamically well tolerated but lasting long enough

to require hospital intervention, with no 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 mg if body weight

< 70 kg).

If treatment successful (AF interruption within 6 h, without severe side effects), an

echocardiogram and some laboratory tests (thyroid hormones, creatinine, transaminases,

kalaemia) 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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Pharmacological Cardioversion of Atrial Fibrillation: Which

Drugs Are Preferred, Class IC or Class III?

N. BALDI, V. A. RUSSO, L. DI GREGORIO, V. MORRONE, L. LICONSO, G. POLIMENI

Introduction

It is accepted that pharmacological treatment of recent-onset atrial fibrilla-
tion (AF) in order to reset sinus rhythm restoration, if effective and safe, is
doubtless the favourite approach, since it is preferred by patients over elec-
trical cardioversion. Nonetheless, it must be remembered that the placebo
effect is very consistent (> 50% at 12–24 h) for AF duration of 48 h or less.
Also, class I and class III antiarrhythmic drugs are not equivalent, and
should be used according to their electrophysiological and pharmacokinetic
properties and to their effect on cardiac inotropism, which must be strictly
connected to the clinical condition of the patient. Pharmacological treatment
can be carried out either intravenously or per os; and the availability of oral-
ly administered drugs has made it possible for some AF patients to treat
themselves at home.

There are three main factors that must be taken into consideration in
choosing the appropriate drug for AF cardioversion: the duration of the
arrhythmia, the clinical context in which it takes place, and the ventricular
function. AF duration is also the most important factor influencing the pos-
sibility of sinus rhythm restoration.

The present review discusses two types of AF: AF of less than 48-h dura-
tion and AF of more than 48-h duration. According to the guidelines of the
American College of Chest Physicians, in AF of < 48-h duration, antithrom-
botic treatment can be avoided due to a low thromboembolic risk linked
with cardioversion (< 1%) [1].
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Paroxysmal Atrial Fibrillation (Duration < 48 h)

In this condition, the clinical context and left ventricular function are the
most important factors in choosing an antiarrhythmic drug. For lone AF or
AF associated with mild hypertension, the class IC antiarrhythmic drugs
propafenone and flecainide, administered intravenously, have a priority indi-
cation. In patients treated in this manner, the percentage of success is
between 85% and 93% for flecainide [2–4] and between 57% and 87% for
propafenone [4–6]. The use of these drugs depends not only on their effec-
tiveness, but also on the time until sinus rhythm restoration occurs (general-
ly within 1 h and often during the drug infusion). In our opinion, the above-
mentioned drugs are preferred due to their quick action, which in most cases
allows the patient to return home after only a short hospital stay. Also, in AF
complicating Wolff-Parkinson-White (WPW) syndrome, propafenone and
flecainide can be considered as the drugs of choice. Many studies have show
that in such patients the two drugs prolong the anterograde and retrograde
refractory periods of the accessory pathway – in patients with either a long
or a short refractory period – as well as the complete block of conduction via
the accessory pathway [7–16].

These drugs considerably slow down the ventricular response during AF
with pre-excited ventricular response [7, 9, 12, 15, 16]. Thus, their effects are
two-fold: restoration of sinus rhythm and prolongation of pre-excited beat
intervals or block of conduction via the accessory pathway, with slowing
down of the ventricular rate. It must be emphasised, however, that drugs
such as amiodarone, a class III antiarrhythmic drug, are contraindicated
because of their depressive actions on nodal conduction, which may speed
up the ventricular response during AF and increase the risk of degeneration
to ventricular fibrillation [17]. Instead, in recent years, a single oral loading
dose of propafenone and flecainide has been proposed [18–20].

The efficacy of such a regimen is indisputable: a percent conversion of
52–82% and 45–63% has been obtained within 3 h after ingestion of fle-
cainide and propafenone, respectively. The aim of this regimen is to allow
the patient to continue treatment at home, if it proves to be efficacious and
safe. After a pilot study [21], a clinical trial was recently published [22] in
which the safety of home treatment was verified. The study also confirmed
the efficacy of treatment (success rate 94%), a low incidence of side effects,
and a significantly lower number of monthly visits to the emergency room
or hospitalisation. Therefore, in a selected, risk-stratified population of
patients with recurrent AF, a ‘pill-in-the-pocket’ approach is feasible and
safe, is associated with a low rate of adverse events, mostly non-cardiac, and
results in a marked reduction on emergency room visits and hospital admis-
sions. In patients with bundle-branch block or multifascicular block, there is
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a potential risk of complete paroxysmal atrioventricular block due to drugs
that considerably depress conduction through the His-Purkinje system. The
H–V interval is actually prolonged by class IC drugs such as flecainide and
propafenone [23, 24]. However, amiodarone does not substantially modify
the H–V interval, and in some studies it has been proved to be safe for
patients with bundle-branch block [25, 26] and efficacious (50–60%, with a
mean time to efficacy of 12 h) [27]. Ibutilide, another class III antiarrhyth-
mic drug, may also be used (mean efficacy rate of 30–40% within 90 min)
[28, 29] because it does not modify the H–V interval. In the presence of left
ventricular dysfunction, the drugs of choice are amiodarone, ibutilide, and
dofetilide, since they have been shown to be effective in this clinical setting
[29–32]. The most significant potential adverse effect of ibutilide and, with
minor misuse, of dofetilide is polymorphic ventricular tachycardia in associ-
ation with excess Q–T interval. Class I antiarrhythmic drugs are contraindi-
cated due to their specific negative inotropic effect. Amiodarone is the drug
of choice in patients with coronary heart disease and after coronary artery
by-pass grafting.

Persistent Atrial Fibrillation (Duration > 48 h)

In these patients, the efficacy of antiarrhythmic drugs is progressively lower
(not more 50%) with increasing duration of AF. The procedure of choice is
external cardioversion with a biphasic waveform (rate of efficacy > 90%)
preceded by transoesophageal echocardiography [33] to be sure there are no
auricular thrombi. If pharmacological treatment is preferred, the drugs of
choice are ibutilide (expected efficacy rate 30–40%, usually within 60 min in
a patient population with long-lasting AF and underlying heart disease) [29]
and dofetilide; however, these drug are not on the market in Italy. Also the
expected efficacy of dofetilide in the treatment of, mainly, long-lasting AF is
about 30% [31, 34, 35]. In this clinical context, intravenous amiodarone is
probably less effective. However, if a cardioversion attempt has to be made,
especially in patients with left ventricular dysfunction, amiodarone is likely
to be the most suitable drug. A review of the literature [36–38] by the author
revealed the following: of the patients tested, many of whom presented with
underlying NYHA III–IV [38] heart disease of 3–75 months (on average)
duration, sinus rhythm restoration occurred in 20% administered drug alone
and in 51% administered drug and treated with direct current cardioversion,
whereas other antiarrhythmic drugs had frequently failed. In spite of the
uncertainty surrounding the real efficacy of amiodarone – since the studies
were not controlled – it is clear that amiodarone at least does not reduce per-
formance, in contrast to the majority of class I drugs. Also, dofetilide admin-
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istered per os restores sinus rhythm in about one third of patients with AF >
48 h in a relatively short time (91% within 3 days) in a patient population in
which myocardial infarction, congestive heart failure, ischaemic heart dis-
ease, valvular heart disease, and dilated and obstructive cardiomyopathy
were present in > 50% of patients [39].

In conclusion knowledge of both the physiopathology of the different
clinical conditions in which AF can occur, and the haemodynamic and elec-
trophysiologic effects of the various antiarrhythmic drugs must be used in
order to choose the most appropriate drug for restoring sinus rhythm.
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Early Recurrences of Atrial Fibrillation: How To Predict Them?

G.L. BOTTO, M. LUZI, F. RUFFA, M.G. GORGOGLIONE, G. FERRARI

Introduction

Atrial fibrillation (AF) is the most common sustained tachyarrhythmia
encountered in clinical practice [1], causing the highest number of days of
hospitalisation for arrhythmia admission in the United States [2]. It affects
more than 2.2 million individuals in the USA: the overall prevalence in the
adult population is 0.4%, and its incidence increases with age (up to 8–10%
of persons older than 80 years) and with the presence of heart disease [3–5].
The AFFIRM study demonstrated equivalent survival between patients treat-
ed using rate control versus rhythm control strategy [6]; however, converting
the rhythm electrically and preventing recurrences with drugs remains a
standard approach to reducing symptoms [1]. With all of these options,
embolic risk stratification and proper anticoagulation strategies are required
for each patient [1, 6, 7].

Electrical cardioversion (ECV) is currently the most effective way to con-
vert persistent AF to sinus rhythm (SR), with success rates of approximately
75–95% with the use respectively of monophasic or biphasic defibrillators
[8–10]. Unfortunately, because of the high recurrence rate, no more than
40–50% of patients maintain SR for 6 months or more with anti-arrhythmic
drug prophylaxis different from amiodarone [11]. Thus, the main limitation
on cardioversion success is not ‘technical failure’ – impossibility of restoring
SR – but recurrence of the arrhythmia, which may occur in different time
frames following the procedure.
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Time Course and Definition of Recurrence of AF

The aetiology of reinitiation of AF after external ECV is obscure and its inci-
dence is unknown. It can occur in a significant proportion of patients follow-
ing successful ECV using either internal [12, 13] or external methods [14]. It
is a phenomenon that was only described in the late 1990s, in part because
the increasing use of internal ECV [11], the catheters for which enable
recording of atrial electrograms, and the employment of atrial defibrillator
devices [12], which make possible the analysis of stored atriograms, provide
the motive and the means for its study. The recurrence phenomena have
acquired their own acronyms: recurrence may occur in a very early phase
(minutes) after electrical shock, and this is now called IRAF (immediate
recurrence of AF); it may occur in an early phase (first 24–48 h to 5–7 days;
ERAF, or early recurrence of AF); or it may occur weeks to months after the
successful procedure (LRAF, or late recurrence of AF).

In a retrospective study of 85 patients with AF, the functional and phar-
macological variables which could possibly influence the long-term outcome
after first ECV were analysed [15]. Multivariate analysis confirmed the dura-
tion of the treated episode and age below 75 years as prognostic factors that
predict persistence of SR 100 days after successful ECV, whereas echocardio-
graphic parameters and the presence of organic heart disease played no role.
The phenomena of IRAF and ERAF are the most difficult to characterise
because they would require continuous monitoring of an AF patient’s cardiac
rhythm, and few studies are available concerning this. However, understand-
ing these phenomena and the potential factors affecting them may improve
the efficacy of maintaining SR in the long run. For instance, IRAF can occur
within seconds after ECV and may be difficult to distinguish from shock fail-
ure. In a small study, 27 patients who experienced unsuccessful ECV were
treated with a 1-month load of amiodarone, after which ECV was repeated.
Of the patients in whom the initial ECV failed due to technical failure, only
31% were in SR at 1 month, compared with 91% for those with initial failure
due to IRAF [16].

Early Recurrences of AF

The phenomenon of ERAF following successful ECV is a clinical setting in
which two important concepts are implicated and may strongly interact. The
first is that an increasingly recognised and growing number of patients have
AF initiated, and possibly maintained, by an ectopic focus of repetitive atrial
activity [17]. The second is that AF itself causes changes in cellular electro-
physiology that, at least in animal models, have the effect of further increas-
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ing the tendency to fibrillation [18], and there is a reversal of this electro-
physiological remodelling after a certain period of SR [19]. The first of these
two concepts relates to the triggers for initiation of the arrhythmia and the
second to the myocardial substrate predisposing to and maintaining the
arrhythmia. However, the extent to which ERAF is due either to enhanced
frequency of atrial ectopic activity as potential triggers or to enhanced vul-
nerability of the remodelled, recently defibrillated atrium to the effects of
the atrial ectopy remains uncertain.

Several authors have reported premature atrial beats causing ERAF.
Premature atrial beats initiated ERAF in 91% of cases after internal ECV
[20], and a short interval predicted an early relapse in patients with AF
recurrences [21]. A recurrence rate of up to 27% within the first minute after
external ECV has been reported. An high incidence of premature atrial beats,
with particular specific sequences such as long–short, were responsible for
70% of cases of ERAF after external ECV [22].

It has been demonstrated that prolonged atrial pacing in goats at rates
sufficiently rapid to produce AF causes reversible electrophysiological and
structural changes in the atria. Whereas during the control condition no sus-
tained AF could be induced, after several days to weeks of rapid pacing in
these animals, AF had become sustained.

In the study of Wijffels et al. [18] the refractory period was measured at
multiple sites by programmed electrical stimulation. AF was produced by
burst pacing (1 s, 50 Hz). In the normal goat, electrically induced AF lasted
only for a short time and terminated promptly within a few seconds. After
the baseline study was completed, the animals were connected to an external
automatic atrial fibrillator. The device detected spontaneous cardioversion of
AF and delivered a burst of stimuli to promptly reinduce the arrhythmia.
Within the first 24 h of AF, both the duration and the rate of the arrhythmia
increased significantly and AF cycle length shortened progressively until
after about 4–6 days a new steady state was reached. The most important
atrial parameter of AF-induced electrical remodelling is the refractory peri-
od. During control, early premature beats did not induce any arrhythmia.
After few hours of AF, the atrial refractory period was shortened and a pre-
mature stimulus was followed by a short run of rapid atrial responses.
Twenty-four hours of AF further shortened the atrial refractory period and
now early premature beats triggered paroxysms of AF. Moreover, during con-
trol, the refractory period showed a short-term rate adaptation to pacing
intervals. After hours of AF, the relationship between refractory period and
rate become reversed, so that instead of lengthening at slow rate, the refrac-
tory period actually shortens [18]. The loss of the physiological prolongation
of the refractory period in response to a sudden decrease in rate has also
been observed in other studies [23, 24].

103Early Recurrences of Atrial Fibrillation: How To Predict Them?



In this condition, the physiological normalisation of atrial refractoriness
after SR restoration was lost, and it was recovered only after several days of
stable sinus rhythm [19]. Of note is the finding that the time course of elec-
trical remodelling parallels the timing when likelihood of recurrence is
highest [21].

Novel Techniques to Predict Recurrences of AF

Prediction of the outcome of electrical cardioversion is not perfect: clinical
and laboratory variables have not always been predictive [15]. This consti-
tutes the background of the need for new parameters that can identify
patients who will have recurrence after successful ECV, and distinguish them
from those that will not.

Changes in autonomic milieu probably play a role in the occurrence of
relapse into AF. Lombardi et al. [25] demonstrated increased sympathetic
tone and decreased vagal modulation of the sinus node in patients prone to
ERAF. The authors analysed short-term heart rate variability in 93 patients
with persistent AF and on chronic amiodarone treatment, after restoration of
SR by ECV. Patients with ERAF (25/93, 27%) were characterised by a greater
LF/HF ratio than those in SR. In univariate analysis no clinical parameters
distinguished the two groups, and no correlation was observed between
LF/HF ratio and late recurrences.

Bollmann et al. [26] analysed the meaning of AF frequency obtained from
the surface ECG for prediction of early arrhythmia relapse in patients under-
going internal ECV of persistent AF. AF relapse occurred in 11 out of 19
(58%) patients, but in 7 out of 8 (88%) patients with a high fibrillatory fre-
quency (≥ 7 Hz). A high fibrillatory frequency reflects a high AF complexity
(that is, the number of simultaneous wandering wavelets) [27] and correlates
inversely to the refractory period [28].

AF is an irregularly irregular (random) heart beat [29], and the random-
ness of ventricular rhythm is primarily a consequence of the inherent ran-
domness of atrial activity. However, controversy exists as to whether the ven-
tricular rhythm in AF is truly random, and some investigators using a variety
of mathematical techniques have shown that a certain degree of clustering
may be present [30]. Everett et al. [31] confirmed in a dog model that AF is
characterised by varying degrees of organisation, and demonstrated that the
efficacy of electrical shock in restoring SR is increased when shocks are deliv-
ered during periods of high AF organisation. Based on this premise, Van den
Berg et al. [32] demonstrated in humans that ECV is more effective in restor-
ing SR in AF patients with clustering than in patients in whom no clustering is
apparent in plots obtained from Holter monitoring. In addition, the degree of
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clustering appears to be predictive of the overall outcome of ECV: the higher
the degree of clustering, the higher the likelihood of SR at follow-up.

Conclusions

The heterogeneous nature of AF dictates that a variety of treatment modali-
ties should be used to manage this disease. Recent studies have shown that
strategy of rate control is not inferior to a strategy of rhythm control in
terms of mortality [6]. However, in highly symptomatic patients restoration
of SR is still desirable, and selection of patients with a high likelihood of
clinically effective ECV remains critical.

The therapeutic efficacy of this treatment modality is likely to be affected
by early recurrences of AF noted soon after cardioversion. The mechanism
underlying early recurrence of AF is unclear for the majority of patients, but
is probably multifactorial. Contributing factors may include complex electro-
physiological remodelling which strongly interacts with triggering factors
such as atrial ectopic beats, both probably modulated by the autonomic ner-
vous system.

Several clinical factors and laboratory variables that are predictive of
poor arrhythmia outcome after ECV have been identified, but their efficacy
in the clinical setting is not completely satisfactory [15]. Novel and simple
techniques are expected to permit identification of patients likely to experi-
ence a better outcome of ECV of AF.

Future larger studies are warranted to establish further the potential clin-
ical role of these new techniques.
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Dronedarone for Prevention of Atrial Fibrillation:

An Unfulfilled Promise?

A. CAPUCCI, G.Q. VILLANI, D. ASCHIERI, M. PIEPOLI

The prophylactic treatment for many patients with atrial fibrillation (AF)
remains unsatisfactory. The ideal anti-arrhythmic drug for the prevention of
recurrences of both AF after cardioversion and paroxysmal AF is still a long
way off. AF has an high propensity to recur, and only one-quarter of patients
who undergo successful cardioversion remain in sinus rhythm at 1 year if no
additional therapy is used [1].

Since the publication of studies documenting that certain class I drugs
may increase mortality in high-risk post-infarction patients, basic science
and clinical studies have focused on class III anti-arrhythmic drugs. Class III
agents remain the focus of drug development efforts because they lack nega-
tive haemodynamic effects, affect both atrial and ventricular tissue, and can
be administered as either parenteral or oral preparations. Amiodarone is one
of the most effective, and is associated with a comparatively low risk of
drug-induced pro-arrhythmia, probably due to its multiple pharmacological
actions on cardiac ion channels and receptors. However, amiodarone is asso-
ciated with significant extra-cardiac side effects, and this has driven develop-
ment of amiodarone analogues [2].

Developers of newer anti-arrhythmic agents have focused on identifying
anti-arrhythmic medications with the following characteristics: appropriate
modification of the arrhythmia substrate, suppression of arrhythmia trig-
gers, efficacy in pathological tissues and states, positive rate dependency,
appropriate pharmacokinetics, equally effective oral and parenteral formula-
tions of similar efficacy in arrhythmias and their surrogates, few side effects,
positive frequency blocking actions, and cardiac-selective ion channel block-
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ade. New and investigational agents include azimilide, dofetilide, ersentilide,
ibutilide, tedisamil, and trecetilide [3].

Dronedarone is one of a number of analogues that derive from the cur-
rently most successful class III anti-arrhythmic drug, amiodarone [4]. This
review describes some new studies providing insight into the mechanism of
its action and the latest developments in the clinical usage of this drug.

Electrophysiological Properties

Dronedarone is a non-iodinated amiodarone derivative that inhibits Na+, K+,
and Ca2+ currents. It is a potent inhibitor of the acetylcholine-activated K+

current from atrial and sinoatrial nodal tissue, and inhibits the rapid delayed
rectifier more potently than slow and inward rectifier K+ currents and
inhibits the L-type calcium current. It is also an antagonist at α- and β-
adrenoceptors and, unlike amiodarone, has little effect at thyroid receptors.
It is more potent than amiodarone in inhibiting arrhythmias and death in
animal models of ischaemia- and reperfusion-induced arrhythmias [4].

Gautier et  al . [5] studied the electrophysiological propert ies of
dronedarone on the action potential (AP) and contraction of papillary mus-
cle and on membrane ionic currents, Ca2+ transient, and shortening of ven-
tricular cells of the guinea pig heart. The effects of dronedarone on AP dura-
tions (APDs) at different percentages of repolarisation were not significantly
changed, except for a slight decrease in APD30 and APD50 at the highest con-
centration. In isolated ventricular myocytes, dronedarone inhibited rapidly
activating delayed rectifier K+ current (IKr), slowly activating delayed-rectifi-
er K+ current (IKs), and voltage-dependent and time-, frequency-, or use-
independent and inward rectifier potassium current (IK1). Moreover,
dronedarone blocked L-type Ca2+ current (ICa(L)) in a use- and frequency-
dependent manner. Simultaneously with these electrophysiological effects,
dronedarone reduced contraction amplitudes of papillary muscle and
decreased Ca2+ transient and shortening of ventricular myocytes. The results
show that dronedarone is a multi-channel blocker because it decreases
dV/dtmax (INa), ICa(L), IKr, IKs, and IK1 very similarly to amiodarone in cardiac
ventricle, despite the absence of iodine in its molecular structure.

Sun et al. [6] compared the acute and chronic electrophysiological effects
of dronedarone and amiodarone in isolated rabbit atrial muscle by microelec-
trode techniques. Four-week oral treatment with dronedarone or amiodarone
increased the action potential duration (APD90) and effective refractory peri-
od with an inverse rate dependency. In contrast to this, acute superfusion
with 10 μM dronedarone or amiodarone decreased APD90, the effective
refractory period, and the maximum upstroke slope of the action potential.
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However, dronedarone can not be considered a simple copy of amiodarone.
Varro et al. [7] studied the electrophysiological effects of dronedarone after
chronic and acute administration in dog Purkinje fibres, papillary muscle,
and isolated ventricular myocytes, and compared them with those of amio-
darone by applying conventional microelectrode and patch-clamp tech-
niques. Chronic treatment with dronedarone, unlike chronic administration
of amiodarone, did not significantly lengthen the QTc interval of the electro-
cardiogram or the APD in papillary muscle. After chronic oral treatment
with dronedarone, a small but significant use-dependent Vmax block was
noticed, while after chronic amiodarone administration a strong use-depen-
dent Vmax depression was observed.

Acute superfusion of dronedarone, like that of amiodarone, moderately
lengthened APD in papillary muscle but shortened it in Purkinje fibres. Both
dronedarone and amiodarone superfusion reduced the incidence of early
and delayed in Purkinje fibres. The authors showed that after acute adminis-
tration dronedarone exhibits effects on cardiac electrical activity similar to
those of amiodarone, but it lacks the ‘amiodarone-like’ chronic electrophysi-
ological characteristics.

Pantos et al. [8] investigated the effects of dronedarone and amiodarone
administered for 2 weeks in normal and thyroxine-treated animals on plas-
ma thyroid hormones and the possible consequences on the response of the
heart to ischaemia. Amiodarone resulted in increased T4, T4/T3, and rT3,
whereas dronedarone did not alter the thyroid hormone profile in normal
animals. In thyroxine-treated animals, amiodarone increased the T4/T3 ratio
but T4, T3, and rT3 levels were not altered. Baseline functional parameters
and ischaemic contracture were not changed by amiodarone and/or
dronedarone in either normal or thyroxine-treated hearts.

Clinical Studies

At present three clinical studies have demonstrated that the drug is safe and
effective for the maintenance of normal sinus rhythm in patients with atrial
fibrillation (AF) or atrial flutter (AFl).

In the Dronedarone Atrial Fibrillation Study After Electrical Cardioversion
(DAFNE), a phase IIb clinical trial, a dose of 800 mg dronedarone per day
was established as effective and safe for the prevention of AF relapses after
cardioversion [9]. Patients with persistent AF were randomly allocated to
receive a daily dose of 800 mg, 1200 mg, or 1600 mg dronedarone or place-
bo. The main analysis was conducted on 199 of 270 patients who entered the
maintenance phase following pharmacological cardioversion or, if that was
unsuccessful, DC cardioversion. Within a 6-month follow-up period, the time
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to AF relapse increased in the group receiving dronedarone 800 mg, with a
median of 60 days compared to 5.3 days in the placebo group [relative risk
reduction 55% (95% CI, 28 to 72%) P = 0.001]. No significant effect was
seen at higher doses. Spontaneous conversion to sinus rhy thm on
dronedarone occurred in 6–15% of patients (P = 0.026). There were no pro-
arrhythmic reactions. Drug-induced QT prolongation was only noticed in
the 1600 mg group. Premature drug discontinuation affected 23% of subjects
given 1600 mg dronedarone versus 4% on 800 mg and was mainly due to
gastrointestinal side effects. No evidence of thyroid, ocular, or pulmonary
toxicity was found.

Recently the results of two phase III trials were reported at the 2004
European Society of Cardiology Congress [10]. In the European Trial In
Atrial Fibrillation or Flutter Patients Receiving Dronedarone for the
Maintenance of Sinus Rhythm (EURIDIS) and the American–Australian
Trial With Dronedarone in Atrial Fibrillation or Flutter Patients for the
Maintenance of Sinus Rhythm (ADONIS), dronedarone administered at a
dose of 400 mg twice daily was effective in preventing both symptomatic
and asymptomatic recurrences of AF or AFl and had a safety profile similar
to that of placebo. Patients enrolled in EURIDIS and ADONIS were men and
women aged > 21 years who had been in sinus rhythm for ≥ 1 h at the time
of randomisation and had experienced at least one electrocardiogram
(ECG)-documented episode of AF/AFl during the previous 3 months. After a
screening period (pre-trial day 6 to day 1), patients in both trials were ran-
domised 2:1 (dronedarone:placebo) to receive either 400 mg twice daily of
dronedarone or matching placebo twice daily for 12 months. A total of 1237
patients were enrolled in both trials, 828 randomised to dronedarone and
409 to placebo.

The primary endpoint of both trials – time from randomisation to first
documented AF/AFl occurrence – was defined as an episode lasting ≥ / = 10
minutes as indicated by 2 consecutive 12-lead ECGs or trans-telephonic elec-
trocardiographic monitoring (TTEM) tracings recorded approximately 10
min apart, with both showing AF/AFl.

Both trials showed a significant decrease in the risk of recurrence of AF/AFl
(Table 1). In EURIDIS, the median time to first recurrence of AF/AFl was 2.3
times longer in the dronedarone group than in the placebo group, with a 22%
lower risk of a recurrence during the study. In ADONIS, there was an almost
three-fold increase in the median time to recurrence with dronedarone and a
28% reduction in the risk of AF/AFl recurrence. However, the arrhythmic
recurrence was quite high (around 75% for placebo and 65% for dronedarone
in EURIDIS), but it must be remembered that the trials enrolled patients with
different types of symptoms; there might be differences according to duration
of symptoms and also between patients with AF and AFl.
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There were three subgroups of the primary endpoint prespecified for
analysis, according to whether patients had cardioversion within 5 days of
randomisation, prior amiodarone treatment, or structural heart disease. All
three subanalyses showed the benefit of dronedarone over placebo in all
groups. Furthermore, fewer patients had symptomatic recurrence of AF/AFl
with dronedarone in EURIDIS (P = 0.055) and ADONIS (P = 0.021). The
other secondary endpoint of both trials, mean ventricular rate during
AF/AFl at first recorded recurrence (12-lead ECG or TTEM), was significant-
ly reduced in both trials (Table 2).
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Table 1. Patients with adjudicated first recurrence of atrial fibrillation (AF)/flutter (AFl)

Placebo Dronedarone RR 95% CI P value*

EURIDIS
Patients with AF/AFl 155 272 0.78 0.64–0.95 0.0318

Median time to relapse 41 96
(days)

ADONIS
Patients with AF/AFl 146 246 0.72 0.59-0.89 0.0017

Median time to relapse 58 158
(days)

*Log-rank test

Table 2. Ventricular rate (bpm) at first recurrence of atrial fibrillation

Ventricular rate (bpm) Placebo Dronedarone P value

EURIDIS
Mean 117.5 102.3 0.0001
SD 29.1 24.7
Min–max 70–204 53–173

ADONIS
Mean 116.6 104.6 0.001
SD 31.9 27.1
Min–max 56–226 57–173

bpm beats per minute, SD standard deviation



The incidence of adverse events was similar in the dronedarone and
placebo groups (Table 3). In addition, there was no evidence of pro-arrhyth-
mia in the patients receiving dronedarone; in particular, no case of torsades
de pointes was reported during the 12-month follow-up period. There was
also no evidence of amiodarone-related toxicities (thyroid or pulmonary).
However, few data are available on the side effects with longer follow-up.
Some studies have suggested that dronedarone is an antagonist of the thy-
roid hormone receptor-α1, and experimental data have indicated that it may
be associated with more side effects on lung tissue than amiodarone. These
may not be of clinical importance, but they should be investigated long term,
along with any ophthalmological and liver-related side effects. Another ques-
tion that remains unanswered is how safe dronedarone is in patients with
depressed left ventricular ejection fraction. One trial in the phase III devel-
opment program, the Anti-arrhythmic Trial with Dronedarone in Moderate-
to-Severe Congest ive Heart Failure Evaluating Morbidity Decrease
(ANDROMEDA), carried out in Europe and evaluating high-risk patients,
was stopped in January 2003 after an interim safety analysis identified a
potential increased risk of heart failure death in the dronedarone group.

114 A. Capucci et al.

Table 3. EURIDIS and ADONIS pooled tolerability and safety data

Incidence of treatment-emergent Placebo Dronedarone 800 mg
adverse events (TEAEs) (n = 409) (n = 828)

Any adverse events (%) 65.8 69.8

Any serious adverse events (%) 24.4 19.8

Deaths (%) 0.7 1.0

Permanent drug discontinuations 7.1 9.7
following TEAE (%)

Future Perspectives

The results of another phase III trial with dronedarone, the Efficacy and
Safety of Dronedarone for the Control of Ventricular Rate (ERATO), in
patients with AF/AFl are expected to be reported in 2005. In addition, a
phase II study in patients with AF is ongoing in Japan.

Results of a pilot study of dronedarone in patients with an implantable
cardioverter defibrillator (ICD) and an indication for adjunctive anti-
arrhythmic therapy were reported at the 2004 annual meeting of the Heart



Rhythm Society. Dronedarone at doses below 2000 mg/day was found to be
safe, did not cause deterioration in ICD function, and reduced the need for
ICD therapy. However, further clinical studies are required before we have a
definitive answer to whether dronedarone has real advantages over amio-
darone and other amiodarone analogues in this clinical setting.
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Prognosis and Management of Atrial Fibrillation in Patients

Without Structural Heart Disease

M. DI BIASE, R. TROCCOLI

Atrial fibrillation (AF), the most common sustained cardiac rhythm distur-
bance, is increasing in prevalence as the population ages. Although it is often
associated with heart disease, AF occurs in many patients with no detectable
disease.

AF may be related to acute, temporary causes, including alcohol intake
(‘holiday heart syndrome’), surgery, electrocution, myocardial infarction,
pericarditis, myocarditis, pulmonary embolism or other pulmonary diseases,
and hyperthyroidism or other metabolic disorders. In such cases, successful
treatment of the underlying condition may eliminate AF. AF may be associat-
ed with another supraventricular tachycardia, the Wolff-Parkinson-White
(WPW) syndrome, or atrioventricular (AV) nodal re-entrant tachycardias,
and treatment of these primary arrhythmias reduces the incidence of recur-
rent AF. AF is a common early postoperative complication of cardiac or tho-
racic surgery. Specific cardiovascular conditions associated with AF include
valvular heart disease (most often mitral valve disease), coronary artery dis-
ease, and hypertension, particularly when left ventricular hypertrophy is
present. In addition, AF may be associated with hypertrophic or dilated car-
diomyopathy or with congenital heart disease, especially atrial septal defect
in adults. The list of aetiologies also includes restrictive cardiomyopathies
(such as amyloidosis, haemochromatosis, and endomyocardial fibrosis), car-
diac tumours, and constrictive pericarditis. Other heart diseases, such as
mitral valve prolapse even without mitral regurgitation, calcification of the
mitral annulus, cor pulmonale, and idiopathic dilation of the right atrium,
have been associated with a high incidence of AF. AF is commonly encoun-
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tered in patients with the sleep apnoea syndrome, but whether the arrhyth-
mia is provoked by hypoxia or another biochemical abnormality or mediated
by changes in pulmonary dynamics or right atrium factors has not been
determined.

AF and Hyperthyroidism

AF occurs in 10–25% of patients with hyperthyroidism, more commonly in
men and the elderly than in women or patients less than 75 years old [1, 2].
Treatment is primarily directed toward restoring a euthyroid state, which is
usually associated with a spontaneous reversion to sinus rhythm. Anti-
arrhythmic drugs and electrical cardioversion are generally unsuccessful
while the thyrotoxic condition persists [3, 4]. β-Blockers are somewhat effec-
tive in controlling the ventricular rate in this situation, and aggressive treat-
ment with intravenous β-blockers is particularly important in cases of thy-
roid storm, for which high doses may be required. Calcium channel antago-
nists may also be useful [4]. Although specific evidence is lacking in AF
caused by hyperthyroidism, oral anticoagulation is recommended to prevent
systemic embolism [5].

AF and Pulmonary Diseases

Supraventricular arrhythmias, including AF, are common in patients with
chronic obstructive lung disease [6, 7] and have adverse prognostic implica-
tions in patients with acute exacerbations of chronic obstructive pulmonary
disease [8]. Treatment of the underlying lung disease and correction of
hypoxia and acid–base imbalance are of primary importance.

AF and Wolff-Parkinson-White Syndrome

AF may induce ventricular fibrillation and sudden death in patients with the
WPW syndrome when atrial impulses are conducted antegrade across a
bypass tract. This complication is feared but infrequent. The incidence of
sudden death ranges from 0 to 0.6% per year in patients with WPW syn-
drome.

Radiofrequency ablation of the accessory pathway is usually the pre-
ferred therapy for patients with pre-excitation syndromes and AF. Anti-
arrhythmic drugs may be useful in selected cases. Digoxin should be avoided
because of the risk of paradoxical acceleration of the ventricular rate during
AF. β-Blockers do not decrease conduction over accessory pathways during
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pre-excited periods of AF and could cause hypotension or other complica-
tions in patients with tenuous haemodynamics.

AF and Pregnancy

AF is rare during pregnancy [9] and is usually associated with another
underlying cause, such as mitral stenosis [10], congenital heart disease [11],
or hyperthyroidism [12]. A rapid ventricular response to AF can have serious
haemodynamic consequences for both the mother and the fetus. In a preg-
nant woman who develops AF, diagnosis and treatment of the underlying
condition causing the dysrhythmia is the first priority. The ventricular rate
should be controlled with digoxin, a β-blocker, or a calcium channel antago-
nist [13–15].
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Primary Prevention of Atrial Fibrillation in Hypertensive

Patients: What Is New from the LIFE Trial?

K. WACHTELL1, 2, M.H. OLSEN1, B. DAHLÖF3, R.B. DEVEREUX2

Introduction

Atrial fibrillation (AF) is associated with increased cardiovascular risk and
the incidence of AF is increased in hypertensive patients [1–3]. Furthermore,
patients with AF have a high prevalence of hypertension [4]. Although anti-
hypertensive treatment reduces new-onset AF, it is unclear whether there is
difference in the risk of new-onset AF with different antihypertensive drugs.
Several studies suggest that renin-angiotensin-aldosterone system (RAAS)
blockade, compared to placebo, reduces new-onset AF and helps maintain
sinus rhythm [5–8]. Experimental studies have suggested that this benefit is
due to the antiarrhythmic properties of RAAS-blocking drugs [9–12].
However, because of the placebo-controlled design of previous clinical stud-
ies, it is uncertain whether the reduction in new-onset AF was a result of
blood pressure reduction per se or a direct effect of RAAS blockade.
Furthermore, although AF is a frequent complication of hypertension, there
is little evidence that choosing beta-blockade with combined antiarrhythmic
and antihypertensive properties is better than other antihypertensive treat-
ments in preventing AF [13]. A striking result of the Losartan Intervention
For Endpoint reduction in hypertension (LIFE) study was a 25% reduction of
fatal and non-fatal stroke by losartan-based treatment [14]. This result can in
part be explained by a 45% lower rate of stroke (24.1 vs 46.5 strokes per 1000
patient-years of follow-up) in patients on losartan treatment who have a his-
tory of AF [15], but could also reflect benefits of reduced new-onset AF.
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The LIFE study was a prospective, randomised, double-masked, parallel
group study (n = 9193) with double-dummy technique that evaluated the
long-term effects of losartan-based vs atenolol-based antihypertensive ther-
apy on cardiovascular morbidity and mortality in patients with hyperten-
sion and ECG left ventricular (LV) hypertrophy. The main outcome [14] as
well as the complete study protocol with study design, organisation, clinical
measures, exclusion criteria, basis for choice of comparative agents, statisti-
cal considerations, and baseline characteristics [16, 17] have been published.
Sinus rhythm was documented by ECG in 8851 patients with no history of
AF at baseline who were at risk of developing AF during the study. These
patients are the focus of this article.

New-Onset Atrial Fibrillation

New-onset AF was identified from annual in-study ECGs that underwent
Minnesota coding for AF at a single ECG Core Center [16]. Care of the
patients with new-onset AF was left to the discretion of local investigators.
New-onset AF occurred in 150 losartan-treated patients (6.8 per 1000 per-
son-years of follow-up) and 221 atenolol-treated patients (10.1 per 1000 per-
son-years of follow-up); HR = 0.67 [95% CI: 0.55–0.83], P < 0.001.
Adjustment for differences in LV hypertrophy by Cornell voltage-duration
and Sokolow-Lyon criteria as well as Framingham risk score had only mini-
mal effect on the reduction of new-onset AF associated with losartan (Fig. 1).
Furthermore, patients on losartan tended to stay in sinus rhythm longer
from baseline (1809 ± 225 vs 1709 ± 254 days from baseline, P = 0.057) than
those on atenolol.

New-Onset AF and Cardiovascular Outcome

Although patients with new-onset AF treated with losartan vs atenolol had
similar baseline characteristics, losartan-treated patients with new-onset AF
had a 40% lower rate of subsequent cardiovascular events (first occurrence of
myocardial infarction, stroke, or cardiovascular death) than atenolol-treated
patients (n = 31 vs 51, HR = 0.60 [95% CI: 0.38–0.94], P = 0.03). As shown in
Fig. 2, there were substantially fewer subsequent strokes, a trend toward fewer
myocardial infarctions, and no difference in cardiovascular mortality in
losartan- compared to atenolol-treated patients with new-onset AF.
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Fig. 1. Kaplan-Meier curves illustrating new-onset ECG-verified atrial fibrillation during
follow-up. (From [8] with permission of the American College of Cardiology)

Fig. 2. Patients with new-onset AF on losartan have a lower risk of cardiovascular events



Prediction of New-Onset Atrial Fibrillation

To identify the most important factors associated with development of new-
onset AF, we developed a multivariate prediction models (Table 1). In the
model, age was by far the most important predictor of new-onset AF, with
each year of age associated with a 9% higher rate of new-onset AF. Age was
followed, in order, by male gender (56% increase in risk compared with
women), systolic blood pressure (6% increase per 10 mmHg), and ECG LV
hypertrophy by Cornell product (4% increase per 100 mV ms). Addition of
study treatment to the model indicated that randomisation to losartan was
associated with a 33% lower rate of new-onset AF, independent of other risk
factors (P < 0.001).

The 33% reduction in the rate of new-onset AF obtained with losartan-
based therapy compared to atenolol-based therapy with similar blood pres-
sure reduction suggests the need for a change of paradigm. Guidelines rec-
ommend beta-blockade, especially atenolol, as a first-line therapy to prevent
AF as well as the preferred treatment for rate control in established AF [13].
In contrast to expectations from these recommendations, in the LIFE study,
patients on losartan-based therapy tended to stay in sinus rhythm longer
and had fewer cardiovascular events, especially fatal and non-fatal stroke,
associated with new-onset AF. In addition, losartan-based therapy was equal-
ly effective in reducing the rate of cardiovascular events and stroke in hyper-
tensive patients with pre-existing AF. The lower stroke rates associated with
new-onset AF and in patients with pre-existing AF explained about half of
the stroke reduction in the entire LIFE study [14], although a significant risk
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Table 1. Multivariate predictors of new-onset atrial fibrillation (From [8] with permis-
sion of the American College of Cardiology)

Variable �2 Hazard ratio P
(95% CI)

Age (year) 106.2 1.09 (1.07–1.11) < 0.001

Male gender 17.7 1.56 (1.27–1.92) < 0.001

Systolic blood pressure 5.2 1.09 (1.01–1.18) 0.023 
(10 mmHg)

Cornell voltage-duration 4.3 1.01 (1.001–1.02) 0.030
(mV msec/100)

Randomisation to losartan 15.1 0.67 (0.54–0.82) < 0.001



reduction was found in the remaining patients with neither pre-existing nor
new-onset AF.

Finally, the magnitude of losartan’s antiarrhythmic effect is substantial.
The multivariate Cox regression model revealed that a reduction in systolic
blood pressure by 30 mmHg would have similar effect as the benefit of
losartan-based treatment compared with atenolol-based treatment. We spec-
ulate that the reduction in heart rate in patients without tachycardia might
be ‘a double-edged sword’ because reducing heart rate increases LV stroke
volume in order to maintain cardiac output, thereby increasing LV chamber
volume and wall stress in both systole and diastole. These effects may, in
turn, lead to less reduction in left atrial size, which has been shown to be
associated with new-onset AF [18].

Conclusions

New-onset AF and associated stroke were significantly reduced by losartan-
based compared with atenolol-based antihypertensive treatment, with simi-
lar blood pressure reduction, as shown in the LIFE study. The antiarrhythmic
effect of losartan was, in multivariate analysis, similar to that of a 30 mmHg
difference in systolic blood pressure.
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Prognosis and Management of Atrial Fibrillation in Different

Clinical Settings: Acute Myocardial Infarction

G. ZUIN, M. CELESTRE, F. DI PEDE

Introduction

Atrial fibrillation (AF) is a common arrhythmia in patients with acute
myocardial infarction (AMI) found in around 10–20% of all such patients.
AF is caused by ischemic myocardium (atrial and ventricular), pericarditis,
and left ventricular dysfunction. In a large, community study [1] conducted
in the pre-fibrinolytic era over the 10-year period from 1975 to 1986, the
incidence of AF was 16.6%. Mortality was higher in the AF group than in the
non-AF group both in-hospital (27.6% vs 16.6%) and after a 5-year follow-up
period. Congestive heart failure, cardiogenic shock, and other signs of left
ventricular dysfunction were frequently found in patients with AF. However,
a multivariate analysis showed that both in-hospital and long-term progno-
sis were not affected by AF (OR 1.18, 95% CI 0.90–1.52), suggesting that the
prognostic impact of AF may be mediated by left ventricular dysfunction.

In a large study conducted in the fibrinolytic era (GUSTO-I trial) [2], AF
was present on admission in 2.5 % of patients and developed during hospi-
talisation in an additional 7.9% of cases. Patients with AF were more often
affected by three-vessels disease and in-hospital stroke , and the adjusted 30-
day mortality rate was significantly higher (OR 1.3, 95% CI 1.3–1.5).

Data derived from the GISSI-3 trial [3], which included 17.944 patients
receiving fibrinolytic therapy, within the first 24 h after AMI, showed an inci-
dence of in-hospital AF of 7.8%. AF correlated with advanced age, female
sex, higher Killip class, previous myocardial infarction, hypertension, dia-
betes, and heart failure. After adjustment for other prognostic factors, AF
remained an independent predictor of increased in-hospital (RR 1.98, 95%
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CI 1.67 to 2.34) and long-term (RR 1.78, 95% CI 1.60 to 1.99) mortality.
Similar results were found in other studies [4–6]. In the GRACE registry [4],
5.0% of the patients with AMI had previous AF and 7.7% had a new onset of
AF. Patients with AF were older, more likely to be women, with previous MI,
stroke, or congestive heart failure, and previous revascularisation, and had
an in-hospital complicated course. However, only new-onset AF was an inde-
pendent predictor of all adverse in-hospital outcomes.

In the GUSTO 3 trial [7] 3906 patients (6.5%) out of 13 858 with AMI
treated with fibrinolytic therapy who were in sinus rhythm at the time of
enrolment developed AF. Worsening heart failure, hypotension, third-degree
heart block, and ventricular fibrillation were independent predictors of new-
onset AF. Patients with AF had an increased 30-day and 1-year mortality rate
even after adjustment for baseline factors and pre-AF complications. These
data suggest that AF is often a consequence of post-AMI complications, but
is itself an independent predictor of a worse outcome.

The effects of fibrinolysis on AF were analysed by the authors of the
SPRINT registry [8], who compared the incidence of AF in patients with AMI
treated in the prefibrinolytic era vs those treated in the fibrinolytic era. They
reported an overall incidence of AF of 9.9% and 8.9%, respectively, and a
similar 30-day (27.6% vs 25.1%) and 1-year (42.5 % vs 38.4%) mortality.
However, AF in the fibrinolytic era occurred in older and sicker patients.
Therefore, the mortality rate, after adjustment for confounding factors dur-
ing these two periods was significantly reduced (more than 30%) in mortali-
ty treated with fibrinolysis.

The effects of primary percutaneous coronary intervention (PCI) on AF
have been rarely evaluated. In patients treated with primary PCI [9], 4.3%
had AF on admission and 7.7% developed AF during hospitalisation. AF cor-
related with age, Killip class, previous infarction and stroke, shock, multives-
sel disease, and poor reperfusion of the infarct-related artery. AF was not an
independent predictor of in-hospital mortality but was an independent pre-
dictor of 1-year mortality (OR 1.64, 95% CI 1.05–2.55).

Pharmacological treatment with drugs aimed to reduce the size of the
infarct and ventricular remodelling has also been beneficial in reducing the
incidence of AF. In the GISSI-3 [3], patients treated with nitrates and ACE
inhibitors showed a trend towards a reduced incidence of AF, suggesting that
haemodynamic impairment was the most likely mechanism underline this
arrhythmia. In the TRACE study [5], patients with AMI between day 2 and
day 6 after the onset of symptoms were included and randomised to ACE-
inhibitor treatment or placebo. The risk of new, in-hospital AF was reduced
by 45% with trandolapril treatment. Beta-blockers such as carvedilol seem to
reduce atrial arrhythmias. In the CAPRICORN study [10], patients with left
ventricular dysfunction were treated with carvedilol added to an ACE
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inhibitor 3–21 days after AMI. The incidence of AF was 5.4% in the placebo
group and 2.3 % in the carvedilol group, with a carvedilol/placebo hazard
ratio (HR) of 0.41 (95% CI 0.25–0.68 , P = 0.0003).

The occurrence of AF increases the risk of ischaemic stroke. Data
obtained from patients enrolled in the GRACE registry [11] showed a 1.3%
incidence of in-hospital stroke in patients with AMI. AF was one of the
strongest risk factors for in-hospital non-haemorrhagic stroke, together with
in-hospital CABG, previous stroke, and advanced age. These data are consis-
tent with the findings of the GUSTO-I study [2].

Management

The management of AF includes antiarrhythmic therapy or electrical car-
dioversion. Recent ACC/AHA practice guidelines [12] for the management of
patients with ST-elevation myocardial infarction, give the following sugges-
tions:
1. Patients with a sustained AF and haemodynamic compromise should be

treated with direct cardioversion, preceded by brief general anaesthesia.
For episodes of AF that do not respond to electrical cardioversion or
recur after a brief period of sinus rhythm, antiarrhythmic drugs are rec-
ommended, with the aim of slowing the ventricular response. The agents
that we use are: i.v. amiodarone or i.v. digoxin.

2. Patients with sustained AF and ongoing ischaemia but without haemody-
namic compromise should be treated with one or more of the following :
beta-blocker and/or i.v. diltiazem or verapamil and/or direct cardiover-
sion.

3. In patients with sustained AF without haemodynamic compromise or
ischaemia, rate control is indicated.
In addition, patients with sustained AF should be treated with anticoagu-

lants.

Conclusions

Atrial fibrillation in AMI is often secondary to other post-AMI complica-
tions, but is itself an independent predictor of a worse outcome. AF can be
prevented by optimising the treatment of AMI with reperfusion therapy,
beta-blockers, and ACE inhibitors. When AF occurs, it should be treated with
DC shock as soon as possible and/or drugs with little haemodynamic impact
according to the clinical status.
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Post-CABG Atrial Fibrillation: What Are the Incidence,

Predictors, Treatment, and Long-Term Outcome?

C. BLOMSTRÖM LUNDQVIST

Post operative atrial fibrillation (AF) is a common complication of coronary
artery bypass surgery (CABG), occurring in 5–40% of patients during the
first postoperative week, depending on definitions and methods of detection.
A meta-analysis of controlled randomised trials confirmed that in trials
using 24-h Holter ECG monitoring, the incidence of supraventricular
arrhythmias was higher with Holter recordings (41.3 %) than in trials with-
out (19.9 %) [1]. Despite recent improvements in surgical techniques and
postoperative patient care, the incidence of postoperative AF seems to
increase, most likely related to the existence of an increasing number of
elderly patients with co-morbidities. In the majority of cases postoperative
AF is transient and not life-threatening, although it may cause marked sub-
jective symptoms, congestive heart failure, hypotension, and ischaemia,
requiring pharmacological treatment or electrical cardioversion, resulting in
prolonged hospital stay and additional costs in medical care [2].

Stroke is a major adverse event, complicating the immediate outcome of
CABG in about 2% of cases. AF was reported to be a major determinant of
stroke after CABG, preceding the occurrence of neurological complications
in approximately 37% of the patients [3]. Apart from a higher risk of stroke
(odds ratio, OR 2.02), postoperative AF was associated with greater in-hospi-
tal mortality (OR 1.7) and worse survival (74% versus 87%) at long-term fol-
low-up (4–5 years) [2]. In a multivariate analysis it was an independent pre-
dictor of long-term mortality [2]. The complexity of distinguishing the
intrinsic hazards due to postoperative AF from the risks related to its aetio-
logical factors and treatment should, however, be recognised in this retro-
spective cohort study.
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The mechanisms responsible for postoperative AF are still unclear and are
probably multifactorial. Since risk stratification strategies for patients under-
going CABG could lead to more targeted preventive or therapeutic interven-
tions, large number of trials have aimed at identifying risk factors for the
development of postoperative AF. Risk factors associated with AF include
advanced age (OR for 10-year increase, 1.75); history of AF (OR 2.11) or
chronic obstructive lung disease (OR 1.43); valve surgery (OR 1.74); peripher-
al vascular disease (OR 1.54); and postoperative withdrawal of β-blockers
(OR 1.91) or angiotensin-converting enzyme inhibitors (OR 1.69) [2, 4].

Among preoperative risk factors, advancing age has a significant associa-
tion with the incidence of AF, a relationship that is particularly important as
the number of elderly patients considered for CABG steadily increases.
Advanced age was associated with increased levels of circulating norepi-
nephrine, which could be related to imbalance in the autonomic nervous sys-
tem, previously reported in some but not other studies as an independent
risk factor for postoperative AF. Thoracic epidural anaesthesia, aimed at
blocking excessive sympathetic activity, was, however, not effective in pre-
venting postoperative AF [5].

There is still no consensus as to whether operative clinical and/or elec-
trocardiographic characteristics further distinguish patients who would
develop postoperative AF. Prolonged P-wave duration consistent with intra-
atrial conduction delay, the presence of preoperative supraventricular
arrhythmias, and fluctuations in autonomic balance as measured by heart
rate variability were identified in some but not other studies as independent
risk factors for postoperative AF [6].

Postoperative AF is probably the most important potentially reversible
health care expenditure related to CABG. The recognition of the potential
benefits of preventing AF after CABG is reflected by the large number of
prophylactic strategies reported in the literature. In a meta-analysis includ-
ing 42 randomised controlled trials, β-blocking agents, sotalol, and amio-
darone significantly reduced the incidence of postoperative AF compared
with placebo, and with no marked difference between them [7]. The three
drugs each prevented AF with the following odds ratios: β-blockers 0.39,
sotalol 0.35, and amiodarone 0.48 [7]. From the analysis of 10 pacing trials,
atrial pacing was shown to be effective, with an odds ratio of 0.46 for biatrial
pacing [7]. Biatrial pacing significantly reduced length of hospital stay by 1.5
days, but there was no evidence that the stroke rate was lowered. In another
meta-analysis of prophylactic anti-arrhythmic therapy (amiodarone, sotalol,
procainamide, pacing) for the prevention of postoperative AF, the incidence
of AF varied from 8% to 37% in the treatment groups and from 29% to 53%
in the control groups, with a combined overall significant decrease of 0.52
(OR) in the treatment groups [8]. When the studies were combined there was
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1.0 ± 0.2 day overall decrease in length of hospital stay, but no significant
effect on the incidence of stroke or mortality. Data on costs, available for five
of the six studies that used amiodarone and one of the studies that used pac-
ing, showed a combined insignificant decrease in cost [8].

In a randomised study, amiodarone plus pacing significantly decreased
the frequency of AF after open heart surgery, compared with amiodarone
alone, pacing alone, and placebo [9]. In the cost-effectiveness analysis, when
compared with placebo, the probability of lower cost but higher effect (supe-
riority) was 67% for amiodarone, 15% for pacing, and 97% for amiodarone
plus pacing [9]. In the multivariate analysis, preoperative β-blockers and
amiodarone were negatively associated with hospital costs (P < 0.05). Data
suggest that both amiodarone alone and the combination of amiodarone
plus pacing are cost-effective compared with placebo.

A meta-analysis of 8 prophylactic pacing trials, with 776 patients
enrolled, demonstrated a significant anti-arrhythmic effect of biatrial over-
drive and fixed high-rate pacing and overdrive right atrial pacing, with a rel-
ative risk reduction of approximately 2.5-fold for new-onset AF at open heart
surgery [10]. Another, larger meta-analysis of 58 studies (8565 patients)
demonstrated that prophylactic therapies (amiodarone, β-blockers, sotalol,
and pacing) favoured treatment for postoperative AF with an odds ratio of
0.43 [11]. A positive result for cost of hospitalisation in favour of treatment
was achieved, but the statistic was not significant due to low power and large
standard deviations. β-Blockers had the greatest magnitude of effect across
28 trials (4074 patients), with an odds ratio of 0.35. The data for stroke
favoured treatment by a non-significant effect size of 0.81. Similarly, a posi-
tive indication for length of stay was derived, but it too was not significant,
with a weighted mean difference of –0.66.

Hypomagnesaemia is frequently observed after cardiac surgery and is
related to the extracorporeal circulation and the use of diuretics In a meta-
analysis of 17 trials with 2069 patients, magnesium supplementation reduced
the risk of supraventricular arrhythmias (relative risk 0.77) but had no effect
on the length of the hospital stay or mortality [12]. Administration of pro-
phylactic magnesium reduced the risk of postoperative AF by 29%, although
the homogeneity among trials may limit the formulation of definitive con-
clusions.

The effect of cardiopulmonary bypass on the incidence of AF after CABG
has been addressed in several trials. A meta-analysis of all observational
studies comparing cardiac pulmonary bypass (2253 patients) and off-pump
techniques (764 patients) in elderly patients demonstrated a significantly
lower incidence of postoperative AF (odds ratio 0.70) after off-pump surgery
[13]. The results were confirmed in another meta-analysis of 37 randomised
trials (3369 patients), in which off-pump CABG significantly decreased AF
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(OR, 0.58) and hospital stay (weighted mean difference, –1.0 days) but with-
out affecting 30-day mortality or stroke rate (OR, 0.68) [14]. It should be
emphasised, though, that the lower risk profile of patients undergoing off-
pump CABG could contribute to a lower AF risk.

Radiofrequency ablation of pulmonary vein triggers has had a remark-
able high success rate for non-postoperative AF. Our own data showed that
onset of AF after CABG was triggered by premature beats in 72% of patients
with postoperative AF, which implies that atrial triggers may be important in
the postoperative setting. It is, however, as yet unclear whether a surgical epi-
cardial approach would be effective and safe if implemented during routine
CABG procedures.

The importance of the parasympathetic nervous system for the initiation
of AF is still incompletely understood, although it is thought to play a role in
the subsets of patients with paroxysmal non-postoperative AF. Vagal post-
ganglionic neurons are located in well-defined anatomic fat pads situated in
two posterior epicardial regions around the heart and adjacent structures.
Transvenous radiofrequency (RF) ablation at such sites has resulted in vagal
denervation and improved outcome in patients with non-postoperative AF
subjected to circumferential pulmonary vein ablation [15]. In animal studies
the destruction of an anterior fat pad shown to contain vagal neurons result-
ed in decreased susceptibility to AF. The anterior fat pad, located in the aor-
topulmonary window, was therefore studied in humans with respect to its
role in postoperative AF [16]. The authors’ question was whether its removal,
as routinely done during the process of placing the aortic cross-clamp,
would decrease subsequent AF [16]. By stimulating the anterior fat pad in
patients undergoing CABG, the sinus rate was slowed with no change in PR
interval, consistent with innervation of the sinus node but not the atrioven-
tricular node [16]. Since enhanced vagal tone is pro-fibrillatory in the atria
by shortening refractoriness, the underlying theory was that removal of tis-
sue responsible for vagal atrial influences would improve AF outcome. In the
randomised study, paradoxically, 37% of patients in whom the interior fat
pad was dissected developed postoperative AF compared with 7% in whom
the fat pad was preserved [16]. Supportive of these findings is the reported
lower incidence of AF after off-pump CABG, during which the anterior fat
pad is often preserved [13]. Animal experiments support vagal denervation
as an effective anti-arrhythmic strategy, which is consistent with the finding
of a lower incidence of AF following vagal denervation during catheter abla-
tion procedures. The importance of vagal influences and the role of the car-
diac fat pads for developing postoperative AF demand further clinical
research to determine the optimal surgical technique.

The class I recommendations for prevention and management of postop-
erative AF are: (1) an oral β-blocker for prevention, and (2) atrioventricular
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nodal blocking agents for rate control [17]. Class IIa recommendations are:
(1) prophylactic sotalol or amiodarone for patients at increased risk of
developing postoperative AF; (2) electrical or pharmacological cardioversion
to restore sinus rhythm, as recommended for non-surgical patients; (3)
attempt at maintenance of sinus rhythm by administration of anti-arrhyth-
mic medications if there is recurrent or refractory postoperative AF, as rec-
ommended for patients with coronary artery disease who develop AF; and
(4) anti-thrombotic medication, as recommended for non-surgical patients.
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Post-PCI Atrial Fibrillation: Possible Clinical and Prognostic

Significance

B. GORENEK

Atrial fibrillation (AF) is a major arrhythmia that has a high prevalence
among the population. It is clinically important because affected patients
have a higher risk of mortality; a deterioration in haemodynamics due to
increased heart rate, loss of atrioventricular synchrony, and progressive dys-
function of the left atrium and left ventricle; and stroke and other embolic
events resulting from atrial thrombi [1, 2]. In addition, AF may cause signifi-
cant symptoms and impair both functional status and the quality of life.

Percutaneous coronary interventions (PCI) have been the fastest growing
major invasive procedure in the past decade. Accompanying the obvious
benefit, there are certain risks, including cardiac arrhythmias. Several kind
of arrhythmias, especially ventricular arrhythmias and conduction distur-
bances, can occur during PCI. These arrhythmias may result from excess
catheter manipulation, intracoronary dye injection, new ischaemic events, or
reperfusion injury. Lethal ventricular arrhythmias, including serious ventric-
ular tachycardia and ventricular fibrillation, have been reported to occur in
1.5–4.4% of patients undergoing coronary angioplasty. The frequency of
these arrhythmias after primary PCI was analyzed in a study of 3065 patients
participating in the PAMI trials [3]. Ventricular arrhythmias occurred in 133
patients (4.3%). Smoking, lack of preprocedural beta-blockers, shorter time
from symptom onset to emergency room arrival, initial TIMI flow grade 0,
and infarct of the right coronary artery were variables independently associ-
ated with a risk of serious ventricular arrhythmias. Those patients also had
higher rates of complications, including cardiopulmonary resuscitation and
intubation, in the catheterisation laboratory but had similar frequencies of
major adverse cardiac events in-hospital and at 1 year.
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Supraventricular arrhythmias, including atrial flutter and atrial AF, may
also occur during or after PCI, as a complication or a sequel of the revascu-
larisation procedure. However, these are not as frequent as ventricular
arrhythmias. In general, AF has prognostic significance in patients treated
with PCI, as it can be induced by cardiac catheterisation, especially in
response to catheter placement into or out of the right atrium. Atrial dys-
function (due to atrial ischaemia or atrial stretching in heart failure), sino-
atrial and AV nodal ischaemia, congestive heart failure, sympathetic stimula-
tion, and iatrogenic factors are the possible causes of AF in patients under-
going primary PCI for acute myocardial infarction (MI). AF, by contrast, can
cause clinical sequelae in the setting of a rapid ventricular response or if the
loss of atrial systole results in hypotension, as in a patient with mitral steno-
sis or diastolic ventricular dysfunction.

Importance of Clinical Features

The clinical characteristics of patients play important roles in the occurrence
of AF in PCI. Kinjo et al. assessed the prognostic significant of AF and atrial
flutter in patients with acute MI that had been treated with PCI [4]. In their
study, patients with AF were older, were in higher Killip classes, had higher
rates of previous MI and previous cerebrovascular accident, had systolic
blood pressures of < 100 mmHg and heart rates ≥ 100 beats/min, were less
likely to smoke, and had higher prevalence of multivessel disease and poorer
reperfusion of infarct-related artery than those without AF. AF was a com-
mon complication in patients with MI who were treated with PCI and inde-
pendently influenced 1-year mortality. Cardiogenic shock, congestive heart
failure, cardiac rupture, ventricular tachycardia and/or ventricular fibrilla-
tion, and stroke occurred more often in patients with AF than in those with-
out AF. No significant difference was observed in the rates of recurrent
infarction or recurrent ischaemia. The unadjusted in-hospital mortality rate
was significantly higher in patients with AF than in those without AF. But,
after adjustment for demographic characteristics and clinical factors, AF was
not associated with in-hospital mortality. Furthermore, when stratified by
the timing of AF, both AF at admission and AF that developed during hospi-
talisation were not independent predictors for in-hospital mortality.
Therefore, AF was not significantly associated with in-hospital mortality in
patients with MI who underwent PCI. One-year mortality was higher in
patients with AF than in those without AF. Most deaths were due to cardio-
vascular causes. Patients with AF had a greater incidence of death due to
pump failure than those without AF. After adjustment for demographic char-
acteristics and clinical factors, patients with AF remained at significantly
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greater risk for mortality at 1 year. Furthermore, when stratified by the tim-
ing of AF, AF during hospitalisation was independently associated with 1-
year mortality but AF at admission was not. The 1-year mortality of patients
discharged alive was higher in those with AF than in those without AF. After
adjustment for demographic characteristics, clinical factors, and antiar-
rhythmic drug use at discharge, patients with AF remained at significantly
greater risk for mortality at 1 year [4].

Importance of Electrophysiological Predictors

Inhomogeneous prolongation of sinus impulses may predict the recurrence
of AF [5, 6]. The heterogeneity of the structural and electrophysiological
properties of the atrium prone to fibrillate results in an inhomogeneous and
discontinuous prolongation of sinus impulses [7]. Electrophysiological stud-
ies have demonstrated that individuals with a clinical history of AF have a
significantly longer intra-atrial and inter-atrial conduction time of sinus
impulses [8–10]. This has been confirmed by the finding of P-wave prolonga-
tion on 12-lead surface ECG and signal-averaged ECG recordings [11–13].
The importance of P-wave dispersion in predicting recurrence of AF in
patients with paroxysmal AF has also been elucidated [5, 14]. Thus, P-wave
signal-averaged ECG could be useful to identify patients at risk for recur-
rence of AF after internal cardioversion [15].

Ozmen et al. investigated the effects of angioplasty induced-ischaemia on
atrial conduction abnormalities as estimated by P-wave maximum and P-
wave dispersion [16]. Both were significantly higher during balloon occlu-
sion compared with the baseline condition in coronary dilatation proce-
dures. However, the P-wave minimum was not found to differ between base-
line and during balloon occlusion. These data demonstrate that prolongation
of P-wave dispersion might be a simple and useful additional marker of
myocardial ischaemia during PCI.

Budeus et al. examined the incidence of atrial late potentials in patients
with a proximal stenosis of the right coronary artery and new onset of AF
[17]. They also investigated the anti-ischaemic effect of a successful percuta-
neous transluminal coronary angioplasty (PTCA) of the right coronary
artery. After successful PTCA only three out of 15 patients were affected after
1 day, as well as after 1 month. None of the patients with a history of AF suf-
fered from an arrhythmic recurrence within the following 6 months after
successful PTCA. In that study, stenosis of the right coronary artery was
associated with atrial late potentials. The authors concluded that a successful
PTCA of the right coronary artery eliminates pre-existent atrial late poten-
tials and may reduce the risk of AF.
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Atrial Fibrillation in Acute MI. Thrombolytic Therapy vs Primary PCI

Given the primary role of thrombus in the genesis of acute coronary occlu-
sion, the introduction of thrombolytic therapy was a major advance in the
treatment of acute ST-elevation MI. But, compared to thrombolysis, primary
PCI achieves a higher rate of TIMI 3 flow, does not carry the risk of intracra-
nial haemorrhage, and is associated with improved outcomes. The ACC/AHA
task force gave a class I recommendation to the use of primary PCI for any
patient with an acute MI who presents within 12 h of symptom onset and
who can undergo the procedure within 90 min of presentation by persons
skilled in the procedure [18]. The task force also identified specific consider-
ations for choosing primary PCI, including the experience of the person per-
forming the procedure, the timing of the procedure, and the specific clinical
setting.

Several studies in the thrombolytic era showed that the prognostic signif-
icance of AF on mortality was attenuated by improved treatment [19, 20].
Randomised studies performed in the past few years have demonstrated that
PCI is a more effective reperfusion strategy than intravenous thrombolysis
[21, 22]. Therefore, the incidence of AF may have decreased and the prognos-
tic significance of AF may have been attenuated in patients with AMI who
underwent PCI. However, little is known concerning the incidence of AF and
its effects on the prognosis of patients with AMI who are treated with PCI.

A study was conducted to compare the effects of reperfusion either by
thrombolytic therapy or primary PTCA on P-wave duration and dispersion
in patients with acute anterior-wall MI. The authors evaluated 72 consecutive
patients retrospectively experiencing acute anterior-wall MI for the first
time. Patients were grouped according to the reperfusion therapy, PTCA ver-
sus thrombolytic therapy. There were no significant differences between the
groups regarding age, gender, left ventricular ejection fraction (LVEF), left
atrial diameter and volume, cardiovascular risk factors, and duration from
symptom onset to treatment. P-wave dispersions and P-wave durations were
significantly decreased after PTCA. In that study, primary PTCA reduced the
incidence of AF by decreasing the P-wave maximum and P-wave dispersion
[23].

We investigated the coronary angiographic findings of patients who
developed AF during acute MI, and the effects of primary PCI and throm-
bolytic therapy for restoration of sinus rhythm [24]. The study consisted of
52 patients with acute MI who underwent primary PCI or had thrombolytic
therapy and developed AF during the first 12 h of hospitalisation. On admis-
sion, and 1 month later, coronary angiography was performed in all
patients. In 26 of the 52 patients primary PCI was performed and in the
other 26 patients thrombolytic therapy was applied (streptokinase or r-TPA)
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following angiography. Right coronary artery occlusions were the most fre-
quent causes of AF (73%). In repeated coronary angiography, the coronary
artery affected by the infarct was still totally occluded in five patients in the
primary PCI group and eight patients in the thrombolytic therapy group (P
< 0.01). At least TIMI-3 flow was observed in rest of the patients. Twenty-
one patients in PCI group, and 16 patients in thrombolytic therapy group
were in  sinus rhythm (SR) at the time of second coronary angiography,
although there was no difference between the LVEFs of the groups, as deter-
mined by echocardiography at the time of the first coronary angiography.
However, the LVEF of patients in the PCI group was higher at the time of sec-
ond angiography. Our data showed that, because the patency of the infarct-
related artery is better with primary PCI, this mode of treatment is superior
to thrombolytic therapy in restoring sinus in acute MI patients.

Recommendations for Management

Post-PCI AF tends to revert spontaneously over a period of minutes to hours,
and thus usually does not usually require immediate treatment unless it pro-
duces ischaemia or haemodynamic instability. Specific recommendations for
therapy in those patients are preliminary and based on consensus since no
adequate trials have tested alternate strategies.

Electrical cardioversion is very rarely required. But, when haemodynamic
decompensation is prominent, electrical cardioversion is indicated, begin-
ning with 50–100 joules with gradual increase if the initial shock is not suc-
cessful. When necessary, a beta-blocker can be used for rate control because
of the combined effects of ischaemia and sympathetic tone which usually
present in patients with AF. If an intravenous beta-blocker is preferred but it
is uncertain whether such therapy will be tolerated by the patient, esmolol
may be cautiously administrated since its very short half-life permits a ther-
apeutic trial to be performed at reduced risk. If esmolol is tolerated, then a
moderate or long-acting beta-blocker can be given. These drugs can be
administered in combination as indicated. Intravenous doses of verapamil or
diltiazem are attractive alternatives because of their ability to slow the ven-
tricular rate promptly, but they should be used with caution if at all in
patients with pulmonary congestion. Due to the increased risk of embolism,
intravenous anticoagulation with heparin should be instituted in the absence
of any contraindications and if it is still present while the patient is in the
coronary care unit or in his or her room. Amidorone and dofetelide are also
effective for acute control of the ventricular response, but generally are not
recommended as the drug of choice for rate control. Digoxin is one of the
drugs of choice and can be used especially in patients with congestive heart

141Post-PCI Atrial Fibrillation: Possible Clinical and Prognostic Significance



failure. Atrial flutter is generally well tolerated and also tends to revert spon-
taneously; when necessary, it can be treated with either burst atrial pacing or
electrical or pharmacologic cardioversion.

Conclusions

Atrial flutter may occur as a complication of PCI, but most of the time the
patients’ characteristics play important roles in the occurrence of this type
of arrhythmia. For instance, ongoing acute MI can be the real reason for AF.
Generally, AF tends to revert spontaneously, but when necessary treatment
must be given promptly. If the patient is compromised by ventricular rate or
by the loss of atrial contribution to cardiac output, synchronised DC car-
dioversion should be performed without delay. Intravenous beta-blockade
can be effective for acute rate control. Calcium-channel blockers can be
administered to promptly control ventricular rate. Digoxin, amiodarone and
dofetilide are the drugs of choice for treating patients with acute MI with
heart failure.
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Perioperative Interruption of Warfarin: How Effective and Safe

Is Bridging Therapy with Low-Molecular-Weight Heparin?

F. DI PEDE, P. BUJA

Nowadays many patients are treated with warfarin for a variety of reasons,
and the question of how to manage these patients when they are undergoing
surgery or other procedures is of great clinical relevance. In the majority of
cases warfarin is given to prevent thromboembolic events in patients with
supraventricular arrhythmias, mechanical heart valves, and other disorders
that carry a high risk of thromboembolism [1]: stroke represents a frequent
devastating consequence of thromboembolism, resulting in major neurologi-
cal deficit or death in more than half of patients [2]. Atrial fibrillation (AF) is
the most common cardiac abnormality requiring warfarin therapy. Its preva-
lence increases with age and it affects approximately 6% of people over 65
years of age [3].

Warfarin has been shown to reduce the risk of stroke associated with AF,
while the risk of haemorrhage remains small [4]. By contrast, excessive
bleedings occur when patients undergo several invasive and surgical proce-
dures while continuing warfarin therapy [5].

The optimal management of patients receiving long-term warfarin treat-
ment when they are to undergo surgical or invasive procedures is still debat-
ed. Three aspects need to be discussed [6]: first, the risk of thromboem-
bolism due to warfarin interruption, and to the procedure itself as well as to
the postoperative risk related to the procedure. Secondly, the risk of bleeding
if anti-coagulation treatment is continued during the procedure. And, finally,
the effectiveness and safety of various bridging strategies: several reports
suggest a substitute therapy with a short-acting anti-coagulant to prevent
the risk of thromboembolism when the oral anti-coagulation treatment is
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interrupted, especially in high-risk patients [1, 5, 7, 8]. Low-molecular weight
heparin (LMWH) is playing an emerging role as a perioperative substitute of
unfractionated heparin (UFH) in such cases.

Thromboembolic Risk Related to Warfarin Interruption for

Surgical/Invasive Procedures

The risk of thromboembolism during warfarin discontinuation depends on
four major variables: (1) the duration of warfarin interruption, (2) the indi-
cation for anti-coagulation, (3) the perioperative risk related to the proce-
dure, and (4) the bridging therapy during anti-coagulant interruption. If
warfarin is stopped 4 days before the procedure and restarted as soon as
possible after the intervention, patients should have a sub-therapeutic INR
for approximately 2 days before and 2 days after the procedure [8]. However,
the INR should be raised to some extent during this period, and consequent-
ly patients should be at least partially protected against thromboembolic
events. Finally, because the coagulation state needs to be normal or nearly
normal during the perioperative period, an increased risk of thromboem-
bolism cannot be completely avoided.

The risk of thromboembolism due to warfarin interruption can be strati-
fied as low, intermediate, or high according to the underlying disease [5].
Briefly, patients at low risk of thromboembolism (< 4% per year) are those
with atrial fibrillation without a history of stroke or other risk factors.
Patients at intermediate risk (4–7% per year) are those with a mechanical
aortic valve. Patients at high risk (> 7% per year) are those with a mechani-
cal mitral valve or atrial fibrillation with a history of thromboembolic stroke
or with heart valvular disease.

The perioperative thromboembolic risk is also related to other factors
such as the rebound of hypercoagulability due to warfarin interruption [9]
and the pro-thrombotic state following from the intervention itself [10].

Risk of Bleeding

The assessment of bleeding risk, is very important to estimate the risk/bene-
fit ratio of bridging therapy. Bleeding rates for invasive and surgical proce-
dures are often not analysed separately, the definitions of minor and major
bleeding are often different, and treatment strategies are various. However,
on the basis of available data, the increase in major bleeding over 2 days in
the postoperative period is approximately 2–4% for major surgery and 0–2%
for invasive procedures [5].
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Low-Molecular-Weight Heparin Versus Unfractionated Heparin

The advantages of LMWH over UFH can be summed up in four main charac-
teristics:
1. LMWH may reduce the incidence of major bleedings [11, 12].
2. LMWH can be given in a subcutaneous fixed weight-based dose without

laboratory monitoring [13].
3. Patients can easily self-inject LMWH at home, shortening hospital stays

and reducing costs [14–17].
4. LMWH carries a risk of heparin-induced thrombocytopenia lower than

that associated with UFH [18].
On the other hand, no antidote exists to neutralise LMWH, although pro-

tamine can partially reverse it [19], and no laboratory test is easily available
for monitoring the amount of anti-coagulation effect at the time of the pro-
cedure.

Several studies relating to different clinical settings and indications
analysed LMWH and compared it to UFH, but no randomised trial exists
that addresses this issue. Furthermore, published data are often small,
underpowered, and associated with statistical bias [12, 13, 16, 20–29].
Although a firm conclusion is difficult to draw in terms of superiority of
LMWH over UFH, LMWH therapy appears to be a safe and effective alterna-
tive in this setting. In fact, the American College of Cardiology/American
Heart Association [1] and the American College of Chest Physicians (ACCP)
[7] do not indicate significant differences between LMWH and UFH as
bridging therapies in the context of perioperative warfarin discontinuation.

Recommendations

The decision of how to manage patients receiving long-term warfarin treat-
ment who need an invasive procedure is based on the estimation of the risks
associated with stopping or continuing anti-coagulation and the cost/risk
ratio of alternative anti-coagulant therapy. No large randomised trial exists
to support our decision. On the basis of data available in 2004, the seventh
ACCP conference on anti-thrombotic and thrombolytic therapy gave the fol-
lowing recommendations [7]:
− For patients with a low risk of thromboembolism, stop warfarin approxi-

mately 4 days before surgery; briefly use postoperative prophylaxis if the
intervention increases the risk of thrombosis with a low dose of UFH
(5000 U s.c.) or a prophylactic dose of LMWH and simultaneously begin
warfarin therapy. Alternatively, a low dose of UFH or a prophylactic dose
of LMWH can be used preoperatively (grade 2C).
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− For patients with an intermediate risk of thromboembolism, stop warfarin 4
days before surgery; cover the patient 2 days before with a low dose of UFH
(5000 U SC) or a prophylactic dose of LMWH, and than commence with
low-dose UFH or LMWH and warfarin postoperatively, (grade 2C).

− For patients with a high risk of thromboembolism, stop warfarin 4 days
before surgery and begin full-dose UFH or full-dose LMWH as the INR
falls. Intravenous UFH can be stopped approximately 5 h before surgery.
If LMWH is used, it should be stopped 12–24 h before surgery. Then full-
dose UFH (or LMWH) and warfarin is given after surgery (grade 2C). In
selected cases (for example in major surgery) several authors suggest
restarting anti-coagulation the day after surgery, or when adequate
haemostasis is obtained.

− Patients at low risk of bleeding will continue warfarin therapy at a lower
dose that allows an INR of 1.3–1.5 at the time of surgery. Then warfarin
can be restarted postoperatively (grade 2C).
Minor surgeries do not require anti-coagulation interruption, but the

INR should be within the therapeutic range at the time of the intervention.
Among these are dental extractions, joint and soft tissue injections, arthro-
centesis, cataract surgery, upper gastrointest inal endoscopy of or
colonoscopy with biopsy [5].

In conclusion, on the basis of current available data, LMWH seems a
good alternative to UFH as bridging therapy in patients requiring warfarin
interruption.
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How Safe Is Anticoagulant Therapy in Older Patients and What

Should Be the INR Target?

G. DI PASQUALE, M. DI NIRO, G. CASELLA, P.C. PAVESI, A. RUBBOLI, C. GRECO,
V. CARINCI

Epidemiology

Atrial fibrillation (AF) is the most common arrhythmia in clinical practice,
and its prevalence increases substantially with age. In the ATRIA study, AF
occurred in 4% of people aged 60 years and older and in 9% of people aged
80 years and older [1]. The authors estimated that approximately 2.3 million
US adults currently have AF, projecting that this figure will increase to more
than 5.6 million by the year 2050, with more than 50% of affected individu-
als aged 80 years or older. The estimate of AF in Italy is about 500 000 sub-
jects with an incidence of 60 000 new cases per year.

Thromboembolic Risk

In the absence of any antithrombotic therapy, the annual risk of stroke and
systemic thromboembolism is 4.5% and rises to 8% in subjects older than 75
years of age. Taking into account also the risk of transient ischaemic attack
(TIA) and silent cerebral infarction, the risk of cerebral embolism exceeds
7% per year [2, 3]. Clinical features independently associated with a high risk
of stroke in AF patients have been defined and integrated into several risk
stratification schemes. High-risk factors include age > 75 years, prior
stroke/TIA or systemic embolism, history of hypertension, congestive heart
failure or poor left ventricular systolic function, diabetes mellitus, rheumatic
mitral valve disease, and prosthetic heart valves.

Moderate risk factors include age 65–75 years, and coronary artery dis-
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ease with preserved left ventricular function.
It is evident from thromboembolic risk stratification that older age (> 75

years) per se is a high-risk factor for thromboembolism and all patients
older than 75 years should receive oral anticoagulant treatment (OAT) for
effective prophylaxis. This represents a therapeutic dilemma because of the
higher risk of life-threatening haemorrhages, in particular cerebral haemor-
rhage, in these patients during OAT.

Indications for Oral Anticoagulant Therapy

The effectiveness of OAT for the prevention of thromboembolism and stroke
has been assessed by a number of randomised clinical trials [4, 5]. Six trials
(AFASAK, SPAF, BAATAF, CAFA, SPINAF, and EAFT) compared the therapeu-
tic effects of adjusted-dose warfarin with placebo. Overall adjusted-dose
warfarin reduced stroke by 62% (95% CI, 48–72%); absolute risk reductions
were 2.7% per year for primary prevention [number needed to treat (NNT)
for 1 year to prevent one stroke = 37] and 8.4% per year (NNT = 12) for
secondary prevention.

The efficacy of aspirin for stroke prevention in AF patients is unclear and
more controversial [4, 5]. Six trials (AFASAK, SPAF I, EAFT, ESPS II, LASAF,
and UK TIA) compared the therapeutic effects of antiplatelet therapy with
placebo. Meta-analysis of all six trials showed that aspirin reduced the inci-
dence of stroke by 22% (CI, 2–38%). On the basis of these six trials, the
absolute risk reduction was 1.5% per year (NNT = 67) for primary preven-
tion and 2.5% per year (NNT = 40) for secondary prevention. Although all
six trials showed trends toward reduced stroke with aspirin, this result was
statistically significant only in the SPAF I study.

Recommendations for treatment, based on the evidence from clinical tri-
als and thromboembolic risk stratification, were reconfirmed in the 2001
ACC/AHA/ESC guidelines for the management of patients with AF [5] and in
the Seventh 2004 Consensus Conference on antithrombotic therapy of the
American College of Chest Physicians [6]. OAT is mandatory in AF high-risk
patients (those with any high-risk factor or with more than one moderate-
risk factor), provided that high-quality monitoring of OAT is possible and no
risk factors for bleeding are present. These two last requirements are partic-
ularly important when deciding on OAT in patients older than 75 years.

Aspirin is a possible and acceptable alternative to OAT in moderate-risk
patients (those without high-risk factors and with only one moderate-risk
factor). In this group of patients, the choice between aspirin and OAT is
based on the assessment of the risk/benefit ratio of OAT and also on the
patient’s preference [7].
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Finally, aspirin is the treatment of choice in low-risk patients (those with-
out high-risk or moderate-risk factors). This group is represented by patients
with no clinical or echocardiographic evidence of cardiovascular disease.

Despite the strong evidence for the efficacy of OAT, the use of warfarin
for stroke prevention in patients with AF is still low in general clinical prac-
tice [8–10]. Underutilisation of OAT is especially evident among elderly peo-
ple with AF, in whom, paradoxically, the thromboembolic risk is higher. In
fact, anticoagulation treatment decreases with age (44% of eligible patients
age 65–75 years are treated with anticoagulants as opposed to less than 20%
after 80 years) and it is estimated that less than 40% of eligible patients
receive OAT.

A recent study has shown that, despite the known increased risk for
stroke with advancing age in AF patients, there is a 14% reduction in war-
farin use with each advancing decade of life [11].

Major reasons for the underuse of OAT are the difficulty of high-quality
monitoring of OAT, especially in older patients, and the fear of bleeding.
Therefore new, safer and effective thromboprophylactic strategies for AF are
warranted, particularly for older patients, who represent a substantial pro-
portion of the AF population.

Bleeding Risk of Oral Anticoagulant Therapy

Bleeding is the most important complication of OAT, even if the risk of
bleeding in patients receiving OAT in randomised clinical studies was quite
low. The annual frequency of major bleeding events was 1.3% in warfarin-
treated patients (vs 1.0% in patients receiving placebo or controls, and 1.0%
in aspirin-treated patients). However the bleeding risk is likely higher in
patients treated in general clinical practice. Patients included in the clinical
trials were carefully selected (representing only 7–39% of the screened
patients) and followed up carefully according to strict protocols. This can
explain the low bleeding risk during warfarin therapy. Moreover, the safety
and tolerability of long-term anticoagulation at conventional levels has not
been completely defined among patients older than 75 years. In the AFASAK
study [12], which involved AF patients older than those enrolled in every
other trial (mean age of 75 years), the withdrawal rate from warfarin was
38% after 1 year. In the SPAF II study [13] (INR 2.0–4.5, mean 2.7), the risk
of major haemorrhage, mainly cerebral, was substantially higher among AF
patients older than 75 years.

In the the real world, bleeding is often a major concern regarding antico-
agulation of elderly patients for stroke prevention. In particular, convention-
al intensities of anticoagulation increase the risk of intracranial haemor-
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rhage 7- to 10-fold, and the risk of cerebral bleeding is significantly higher in
the elderly. The key issue in using warfarin to prevent stroke and systemic
embolism in AF patients is whether the benefit of therapy outweighs the risk
of bleeding in an individual patient.

Risk factors for bleeding during OAT include advanced age, intensity of
anticoagulation, recent initiation of warfarin therapy, and comorbid condi-
tions.

Patients with advanced age are more prone to complications of OAT than
younger patients [14, 15]. Only a few studies have shown that advanced age
by itself does not increase the complication rate of OAT. In a large prospec-
tive Italian collaborative study (ISCOAT), the frequency of bleeding compli-
cations was studied in outpatients treated routinely in anticoagulation clin-
ics [16]. The rate of fatal, major and minor bleeding events was quite low, 1.1
and 6.2 per patient-years of follow-up, respectively. The rate was higher in
older patients and during the first 90 days of treatment. The risk of bleeding
was related to the intensity of anticoagulation, even if a fifth of the bleeding
events occurs at INR < 2.0.

A subsequent analysis of patients age > 75 years who were included in
ISCOAT showed a nonsignificant trend toward a higher rate of both bleeding
and thrombotic complications in elderly versus matched younger patients
[17]. In addition, intracranial bleedings and fatal thrombotic events were
more frequent in the elderly. The results of this analysis also indicated that
INRs < 2.0 do not preclude bleeding in the elderly nor offer adequate pro-
tection from thrombotic events. In the subset of patients with AF, major
bleeding occurred more frequently in patients over 75 years of age (5.1%
per year) than in younger patients (1.0% per year) [18]. Univariate analysis
revealed a higher frequency of major bleeding in females, in diabetics, and in
those who had suffered a previous thromboembolic event.

A clear correlation was reported between intensity of anticoagulation
and risk of bleeding. In ISCOAT, the risk of bleeding in patients aged > 75
years markedly increased with INR values of 3.0–4.4, and became dispropor-
tionately high for INR values > 4.5 [17]. However, a substantial number of
events (10%) occurred in association with very low INR values (< 2.0), con-
firming previous reports that bleeding during OAT is not always related to
the intensity of OAT but that OAT can unmask a local bleeding source.

A higher frequency of bleeding early in the course of OAT was reported
in a number of studies [16, 17, 19]. Several factors may contribute to the
increased risk of bleeding within the first months of each course of OAT.
First, OAT can unmask a cryptic, often neoplastic, lesion. Second, dose
adjustment may be less well-controlled at the start of treatment.

Furthermore, multiple drug therapies are quite common in elderly
patients and this increases the risk of adverse drug interaction with OAT. In a
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recent large study [20] in patients treated with OAT, subjects receiving more
than three drugs had a six-fold higher risk of bleeding or embolic complica-
tions than patients receiving less than three drugs (24.4%/100 patient-years
versus 4.3%; P = 0.01). Since the complication rate did not differ between
patients taking drugs known to interact with OAT and those who did not
take interacting drugs, it may be inferred that the increased complication
rate of patients with multiple medications was a consequence of comorbidity
rather than of drug interaction.

The quality of anticoagulation laboratory control is also affected by the
mental status of the patient. Palareti et al. [21] found a previously unsuspect-
ed reduction of mental status or attention level in a number of elderly
patients receiving OAT; these patients had been exposed to longer periods of
either under- or over-anticoagulation and therefore to a higher risk of
thrombotic or bleeding complications.

A recent combined retrospective and prospective study [22] comprising a
large group of older patients evaluated the importance of OAT education.
This study showed that the rate of bleeding complications, especially major
bleeding, is low in well-informed elderly patients.

Recommendations

The management of OAT in older subjects needs regular monitoring of INR,
which should be kept in the narrow therapeutic range of 2.0–3.0 most of the
time, with adjustments of the dose as required [23]. Moreover, elderly
patients should be administered a low dose of warfarin during the induction
phase, because of their increased sensitivity to the drug [24].

In older patients, a risk/benefit assessment is warranted before initiating
OAT. Major considerations should include:
1. Decision for AF electrical cardioversion which, at least in some cases,

could obviate the need of long-term OAT
2. Thromboembolic risk stratification in the individual patient; the preva-

lence of additional risk factors for thromboembolism beside advanced
age (i.e. hypertension, prior stroke or TIA, heart failure or left ventricular
dysfunction, or diabetes mellitus, should reinforce the decision for OAT

3. Ability to provide high-quality monitoring of OAT through coordinated
medical care (e.g. anticoagulation clinics)

4. Patient’s inherent risk of bleeding with OAT
5. Evaluation of risk factors for OAT-related bleeding complications.

When deciding whether to initiate OAT in older patients, patient educa-
tion and optimal OAT monitoring are key issues for minimising the risk of
bleeding. An Italian study has shown that, in a group of elderly patients fol-
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lowed by their general practitioner with the support of a specialised cardio-
logic unit, OAT was well-tolerated and associated with a significant decrease
in mortality and hospitalisation, in the absence of an increase of major
bleeding [25].

High-quality monitoring of OAT is of utmost importance. A systematic
approach to anticoagulation management, as offered by anticoagulation clin-
ics, can improve the safety and effectiveness of warfarin therapy by reducing
related and unrelated complications. This coordinated care can be contrasted
with that provided by a patient’s own physician, without systematic coordi-
nation (routine medical care). Available data indicate that coordinated care,
compared with routine medical care, reduces the incidence of adverse out-
comes and also the cost of OAT [26–28].
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Oral Antithrombin Agents: Will They Replace Warfarin?

G. GRÖNEFELD, D. PAJITNEV, F. WEGENER, J.R. EHRLICH, S.H. HOHNLOSER

Introduction

Three cornerstones constitute the current treatment of atrial fibrillation:
rhythm control, rate control, and antithrombotic therapy for the prevention
of systemic thromboembolic events. The loss of mechanical atrial contrac-
tion leads to altered blood flow characteristics that can result in clot forma-
tion; particularly, the left atrial appendage is the most important area of clot
formation within the fibrillating atria. Left atrial thrombi can subsequently
embolise to the brain, coronary arteries, peripheral limb arteries, or other
end organs, resulting in irreversible and in many patients functionally devas-
tating sequelae. The risk of systemic thromboembolism in patients with atri-
al fibrillation (AF) is well-established [1, 2]. Five randomised controlled tri-
als have convincingly demonstrated that the risk of AF-associated thrombe-
mbolic events (predominantly strokes) can be reduced by 65% by therapy
with vitamin K antagonists [2]. Accordingly, current guidelines strongly rec-
ommend preventive oral anticoagulation in the presence of valvular heart
disease, for patients with non-valvular AF who are age 65 years or older, or
in the presence of additional risk factors (Table 1) [3–6]. The results from the
AFFIRM [7] and other prospective trials comparing rhythm versus rate con-
trol have additionally shown that, even when the strategy of rhythm control
is effectively pursued, effective oral anticoagulation should be maintained in
high-risk patients [8]. Despite this overwhelming body of evidence, however,
there is a considerable underutilisation of vitamin K antagonists (Table 2)
due to patients’ or doctors’ concerns as well as to an unwillingness to comply
with the necessary modes of monitoring and dosage adjustments during
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long-term treatment [9]. Hence, more convenient and equally effective treat-
ment alternatives to warfarin are currently under evaluation for the purpose
of thromboembolic prophylaxis in patients with AF. The present short review
provides an overview of the current state of development of an alternative to
vitamin K antagonists for the prevention of AF-associated stroke.

Underuse of Vitamin K Antagonists

The use of oral vitamin K antagonist in patients with AF has stagnated dur-
ing more than 15 years that have passed since the publication of the large
anticoagulation trials [10]. At present, only 30–50% of high-risk AF patients
without contraindications for oral anticoagulation receive this treatment
[11]. The major reasons for this underutilisation include the reluctance of
physicians and patients to follow the somewhat complicated and time-con-
suming procedures of monitoring and patient counseling (Table 3). A fre-
quent concern is the narrow therapeutic window of warfarin which may
result in an increased bleeding risk, particularly in patients above the age of
80 years [11]. In addition, in many regions of the world, the health care sys-
tem may be unable to provide the necessary resources.
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Table 3. Main reasons for the underutilisation of warfarin

Patient-related reasons

- Advanced age
- Suspected or given lack of compliance
- Inconvenience of monitoring
- Impaired quality of life

Physician-related reasons

- Failure to detect atrial fibrillation (i.e. in pacemaker patients)
- Estimation of individual risk for embolism too low
- Estimation of individual risk for bleeding too high
- Results of randomised controlled trials (RCTs) not known or not accepted
- INR-target range not achievable or not maintainable
- Guidelines not applicable for own patients

Health-care-system-related reasons

- Limited coverage of frequent INR checks
- Lack of specialised anticoagulation-clinics



Moreover, even when warfarin is appropriately prescribed, international
normalized ratio (INR) values vary considerably due to individual metabo-
lism and food or drug interactions, resulting in over- or undercoagulation.
Even in patients enrolled in prospective trials, the quality of anticoagulation
therapy offers room for improvement. For instance, in the Stroke Prevention
Using Oral Thrombin Inhibitor in Atrial Fibrillation (SPORTIF III) trial [12],
patients kept on open-label warfarin showed an INR within the target range
of 2.0–3.0 only during 66% of the monitored intervals. After including a
range of borderline effectiveness (INR 1.8–3.2), still 19% of the checked
intervals were outside that target range. Accordingly, despite frequent clinical
visits and well-supervised treatment, consistent levels of anticoagulation
during vitamin K antagonist treatment are difficult to achieve.

Alternative Pharmacological Treatment Options

For many years, acetyl salicylic acid (ASA) has been used as an alternative
for treating AF patients with contraindications to warfarin treatment.
However, ASA has limited effectiveness for stroke prevention compared to
warfarin [13]. There is ample evidence from experimental and clinical stud-
ies that a combination of different antiplatelet agents may increase
antithrombotic efficacy compared to monotherapy. A currently ongoing
prospective trial investigates the hypothesis that the addition of clopidogrel
improves the effectiveness of ASA for the prevention of stroke. The Atrial
Fibrillation Clopidogrel Trial with Irbesartan for prevention of Vascular
Events (ACTIVE) represents the largest prospective study ever performed in
patients with AF and additional risk factors for stroke [14]. In this trial pro-
gram, the combination of Clopidogrel and ASA compared to warfarin in
patients without contraindications and compared to ASA alone in patients
with contraindications for oral anticoagulation will be assessed in more than
14 000 patients [14].

Heparin and the low-molecular-weight heparins have gained wide spread
acceptance during short-term therapy, i.e. for bridging warfarin treatment
pauses due to concomitant interventions. In a prospective multicentre trial,
the use of enoxiparin was compared against unfractionated heparin followed
by phenprocoumon in patients scheduled for cardioversion of persistent AF
(duration > 48 h, < 1 year). Enoxaparin was noninferior to the standard
regimen with regard to the incidence of embolic events, all-cause death, and
major bleeding complications on per-protocol analysis (7 of 216 patients vs
12 of 212 patients, respectively; P for noninferiority = 0.016) and in an
intention-to-treat analysis (7 of 248 patients vs 12 of 248 patients, P =
0.013), respectively [15]. There are, however, only limited data from prospec-
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tive studies addressing the benefits of long-term heparin therapy in patients
with AF. Ultimately, cost and compliance issues may be seen as a limitation
for further research along this avenue.

Thrombin plays a major role in thrombus formation through activation
of platelets and conversion of fibrinogen to fibrin. Accordingly, a novel class
of effective anticoagulants has been derived from hirudin, the first known
direct thrombin inhibitor. More recently, the oral formulation of a direct
thrombin inhibitor, ximelagatran, was developed. Hepatic transformation
after oral administration leads to the active drug melagatran, which has been
shown to be a potent, rapidly binding, competitive inhibitor of human alpha-
thrombin that inhibits both, thrombin activity and generation. Melagatran
also effectively inhibits both, free and clot-bound thrombin. This drug has a
wide therapeutic interval that enables it to be administered safely across a
wide range of doses with no increased risk of bleeding [16]. Recently, two
prospective studies (SPORTIF III and V) demonstrated the effectiveness of
this new compound in AF patients.

Ximelagatran for Stroke Prevention in Atrial Fibrillation

In clinical trials for the prevention and treatment of venous thrombosis,
administration of ximelagatran in a fixed dose was comparable with conven-
tional therapy (warfarin and/or low-molecular-weight heparin) [17, 18].
Similarly, a prospective study program with this drug for prevention of sys-
temic thrombembolism in patients with non-valvular AF was performed.
The SPORTIF trials comprised the SPORTIF II study, a dose-finding trial that
was continued during open-label long-term follow up as the SPORTIF IV
study. SPORTIF III [12] was an open-label trial and SPORTIF V [19] was a
double-blind trial comparing ximelagatran (fixed dose of 36 mg bid) to war-
farin with an meticulously monitored treatment to keep the INR between 2.0
and 3.0.

In SPORTIF III, 3410 patients were prospectively randomised to warfarin
or ximelagatran [12]. The primary endpoint was the occurrence of stroke
(ischaemic and haemorrhagic) or peripheral arterial embolism. After a mean
follow-up period of 17.4 months, this endpoint was observed in 56 patients
on warfarin (2.3% per year) compared to 40 patients on ximelagatran (1.6%
per year). The sample size of this study was based on a non-inferiority
hypothesis which was confirmed by the results. Total mortality did not differ
between treatment groups (79 patients on warfarin vs 78 patients on ximela-
gatran). Major bleedings were observed in 41 patients on warfarin (1.8%)
compared to 29 patients on ximelagatran (1.3%). Combined analysis of
major and minor bleeding resulted in a significantly lower event rate for
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patients on ximelagatran (478 patients = 25.8%) than for those on warfarin
(547 patients = 29.8%; P = 0.007). The overall incidence of side effects was
similar between treatment groups. Abnormal liver function, (elevation of
alanine transferase), however, occurred significantly more often in patients
on ximelagatran (6% vs 1%, P < 0,0001). Forty-nine of the affected patients
discontinued treatment and liver enzymes returned to normal in 42 of them;
while in 55 out of 59 patients, laboratory values returned to normal during
continued therapy.

The second pivotal study (SPORTIF V) enrolled 3922 patients with non-
valvular AF who were assigned in a double-blind fashion to treatment with
either ximelagatran (36 mg bid) or warfarin. During a mean follow-up peri-
od of 20 months, a primary endpoint event was observed in 37 patients ran-
domised to warfarin compared to 51 patients randomised to receive ximela-
gatran (P = 0.13) (Table 4). There was a reduced incidence of major and
minor bleedings in ximelagatran-treated patients. However, similar to
SPORTIF III, a significant elevation of the L-alanine aminotransferase
(ALAT) of more than three times the upper normal limit was observed in 6%
of patients receiving ximelagatran. In a pooled analysis of both studies,
ximelagatran was found to significantly reduce the combined endpoint of
major bleeding or death (Table 4).

Conclusions

The benefits of oral anticoagulation have been consistently proven in many
prospective studies. Hence, all patients at risk for thromboembolism due to
AF and without contraindications for oral anticoagulants should receive
appropriate treatment. According to more recent findings, thrombembolic
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Table 4. Results from the SPORTIF V trial and combined endpoint analysis from
SPORTIF III and V trials 

Endpoint Ximelagatran Warfarin P value
n (% per year) n (% per year)

Stroke or embolism 51 (1.6) 37 (1.2) 0.13

Intracranial haemorrhage (0.06) (0.06) 1

Major bleeding (2.4) (3.2) 0.16

Major and minor bleeding 37 47 < 0.001

ALAT > 3 upper limit (6.0) (0.8) < 0.001

Combined SPORTIF III+V

Major bleeding and death (5.2) (6.2) 0.038

ALAT L-Alanine aminotransferase



prophylaxis should be continued even with the strategy of rhythm control
since many paroxysmal episodes of AF may be asymptomatic and will go
unrecognised by patients and doctors. The availability of oral direct throm-
bin inhibitors may become a preferable alternative to warfarin. Ximelagatran
has shown equal effectiveness compared to warfarin and has a lower risk of
bleeding complications. Currently, the occurrence of liver toxicity has jeop-
ardised approval of this drug for wider applications in Europe and the USA.
Other substances from the same class are currently under investigation in
clinical phase I and phase II trials, but it may take more than 5 years until a
protocol comparable to that of the SPORTIF trials and using any of these
new compounds has been evaluated.
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Guidelines for Anticoagulation of Atrial Fibrillation: Is It Time

for an Update?

A.L. WALDO

Introduction

Atrial fibrillation is the most common arrhythmia in the Western world. In
the United States, it currently affects about 2.4 million people, and by the
year 2050 the number will be about 5.6 million [1]. Two principal clinical
problems are associated with atrial fibrillation [2]. One is that if the ventric-
ular response rate is not adequately controlled, patients may develop a tachy-
cardia-mediated cardiomyopathy. The other problem is the risk of stroke.
Patients with atrial fibrillation have a five-fold increased risk of stroke com-
pared to those in sinus rhythm [3]. And, as patients get older, the prevalence
of atrial fibrillation increases, roughly doubling with each decade beginning
with the seventh; so that 2–3% of people in their 60s, 5–6% of people in their
70s, and 8–10% of people in their 80s have atrial fibrillation [1, 3, 4].
Moreover, the population-attributable risk also increases with age, as almost
one-third of patients in their 80s who present with a stroke have atrial fibril-
lation [3]. There is also a 14.7–58% incidence of so-called silent strokes, i.e.,
strokes in which there are no manifestations of motor or sensory deficit, in
patients with atrial fibrillation who are at risk for stroke but untreated with
warfarin [5–8]. Such strokes are associated with senile dementia or
Alzheimer’s disease. Clearly, prevention of stroke in patients with atrial fib-
rillation is a key management goal.

Currently, the principal method of preventing strokes in patients with
atrial fibrillation at risk of stroke is the use of oral anticoagulants, i.e., vita-
min K antagonists. Over the years, guidelines have been proposed to guide
physicians in the use of oral anticoagulants for the treatment of atrial fibril-
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lation. This chapter will deal with the recommendations of the two main sets
of guidelines for the use of oral anticoagulation to prevent stroke in patients
with atrial fibrillation, and will offer suggestions regarding some of the
guidelines’ recommendations which need updating. The two main sets of
guidelines are those of the American College of Chest Physicians (ACCP),
published in October of 2004 [9]; and the American College of Cardiology
(ACC), the American Heart Association (AHA), and the European Society of
Cardiology (ESC) guidelines, published in September of 2001 [10] and cur-
rently undergoing revision. These guidelines are generally quite compatible
with each other, but there are some significant differences. Moreover, there
are some sections of the guidelines which should be considered for an
update.

Comparisons of the ACCP And ACC/AHA/ESC Guidelines

Both sets of guidelines generally indicate that if patients have risk factors for
stroke [9, 10] (prior ischaemic stroke, transient ischaemic attack, or systemic
embolism; age above 75 years; moderately or severely impaired left ventricu-
lar systolic function and/or congestive heart failure; history of hypertension;
or diabetes mellitus), anticoagulation with an oral vitamin K antagonist,
such as warfarin, is recommended. There is virtually universal acceptance of
such recommendations. However, the ACC/AHA/ESC guidelines differ from
the ACCP guidelines in several respects. First, the ACC/AHA/ESC guidelines
use the age of 60 years as a cut-off for some considerations, whereas the
ACCP uses the age of 65 years as a cut-off. If one is under the age of 60 years
and has no heart disease, the ACC/AHA/ESC guidelines recommend aspirin
(325 mg/day) or no therapy, and if one is under age 60 years of age with
heart disease but no risk factors for stroke, they recommend aspirin (325
mg/day). The ACCP uses the same recommendation, but for age less than 65
years. It is not clear why the ACC/AHA/ESC guidelines chose age 60 as the
cut-off, as the data regarding age per se as a risk factor for stroke start at age
65 [11].

Then, from age 60 to 75 years and with no risk factors, the ACC/AHA/ESC
recommend aspirin (325 mg/day), but for the same age group when diabetes
or coronary ar tery disease is present they recommend warfarin
(International Normalised Ratio [INR] 2–3) with additional aspirin (81–162
mg) optional . It is clear that age is one of the risk factors for stroke. The new
ACCP guidelines state that in patients with persistent atrial fibrillation or
paroxysmal atrial fibrillation, aged 65–75 years, and with no other risk fac-
tors, they recommend anti-thrombotic therapy with either an oral vitamin K
antagonist or aspirin (325 mg/day) in this group of patients who are at

170 A.L. Waldo



intermediate risk of stroke. We suggest that because the data indicate that
beginning at age 65 there is 1.4 relative risk for stroke, and that this increases
by 1.4 per decade, aspirin only may not be an appropriate recommendation
for patients between 65–74 years of age without other risk factors for stroke.
Over age 75, both guidelines agree that age per se is enough reason to recom-
mend a vitamin K antagonist.

Is Aspirin Ever Sufficiently Effective as Prophylaxis Against Stroke in the

Presence of Any Risk Factors?

This gets us to the question of whether aspirin is really ever sufficiently effi-
cacious to use it in patients who are at any significant risk of stroke. As indi-
cated in the most recent ACCP report [10], the evidence supporting the effi-
cacy of aspirin is substantially weaker than the evidence supporting the effi-
cacy of warfarin. Among the several studies that have compared aspirin with
warfarin, it is clear that warfarin is far superior to aspirin in diminishing the
risk of stroke [10, 12]. Moreover, of the several studies that have compared
aspirin with placebo, only the Stroke Prevention in Atrial Fibrillation (SPAF)
I trial demonstrated a relative risk reduction in stroke with aspirin [13]. Not
only is that study an outlier, driving the meta-analysis of the several trials
comparing aspirin with placebo, but also the data from the SPAF I trial
demonstrate an internal inconsistency between patients in group I (patients
eligible for warfarin) and patients in group II (patients with a relative or
absolute contraindication to warfarin), both of which compared aspirin with
placebo (Fig. 1). The analysis of these data throws yet more doubt on the
efficacy of aspirin as an effective treatment for prevention of stroke in
patients with atrial fibrillation [14]. For the most part, this is reflected in the
guidelines regarding the type of anticoagulation therapy that is recommend-
ed for patients with atrial fibrillation who are at risk of stroke. Additionally,
not only do we know that aspirin is a poor second best to warfarin in pre-
venting stroke in patients with atrial fibrillation at risk of stroke, but also,
should a stroke occur on aspirin, it is usually more severe, and is associated
with significantly higher in-hospital mortality and 30-day mortality com-
pared with warfarin therapy that maintains an INR in the therapeutic range
[15]. In short, the data clearly indicate that aspirin not only is insufficiently
effective in preventing stroke compared with warfarin, but also, should a
stroke occur, the consequences are likely to be far more severe. Thus, the rec-
ommendations for the use of aspirin really need to be reconsidered or at
least more seriously tested. A reasonable interpretation of the aspirin data is
that they are consistent with the notion that, if one needs protection against
stroke in the presence of atrial fibrillation, one needs a vitamin K antagonist.
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The question of whether a combination of aspirin and clopidogrel – two
antiplatelet agents – will be effective as prophylaxis against stroke in patients
with atrial fibrillation remains to be demonstrated. We await the results of
the ACTIVE trials to give us clinical trial data in this regard.

Concerns About Intracerebral Bleeding Risk in Patients Taking Vitamin K

Antagonists

The appropriate level of warfarin anticoagulation in elderly patients with
atrial fibrillation has been debated because of an age-associated increase in
intracerebral haemorrhage. The ACC/AHA/ESC guidelines, but not the ACCP
guidelines, have suggested that if one is concerned about the risk of bleeding
in patients over the age of 75 who have had no prior stroke, one can lower
the target INR to 2.0 with a ‘therapeutic range’ of 1.6–2.5. It is unclear on
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   Aspirin Eligible AF Patients

Warfarin  Aspirin
 (n=206)
1 event

Anticoagulation Eligible
Group I

Anticoagulation Ineligible
Group II

  Placebo
  (n=211)
18 events

Aspirin
(n=346)

25 events

Group II

Placebo
(n=357)

26 events

Group I
Risk reduction 94%
         p < 0.001

Risk reduction 8%
       p = 0.75

SPAF I Analysis
Risk reduction 42%
          p = 0.02

Fig. 1. Aspirin-eligible patients with atrial fibrillation: outcome of patients randomised to
receive aspirin vs placebo in group I of the SPAF I trial. In group I, there was only one event
(stroke) in patients receiving aspirin vs 18 events in the placebo group. This was a statis-
tically highly significant difference. However, in group II, there were 25 events in patients
receiving aspirin vs 26 events in patients receiving placebo. This difference was not sta-
tistically significant.Thus, there was internal inconsistency.When the data from both groups
were combined, the data were significant, but this was driven by what appears to be the
outlier data from group I. See text for discussion (modified from [14])



what data that recommendation is based. It seems to have been based on a
concern that there is an increased risk for intracranial haemorrhage in the
elderly.

Although the relative risk of ischaemic stroke increases by 1.4 per decade
beginning at the age of 65 years, so does the relative risk of intracranial
bleeding while taking warfarin [16]. This seems to have led to the above rec-
ommendation for the primary prevention of ischaemic stroke and systemic
embolism in patients older than 75 years who are considered at increased
risk of bleeding complications, but have no frank contraindications to oral
anticoagulant therapy (a class II recommendation). However, it is important
to emphasise that because the base rate of ischaemic stroke is considerably
greater than the risk of intracranial bleeding, the risk of ischaemic stroke in
the absence of warfarin therapy is considerably greater that the risk of
intracranial bleeding while receiving warfarin [16]. An additional perspec-
tive is that, although there is no increased therapeutic benefit associated
with an INR greater than 3, an increased risk of bleeding does not occur
until the INR reaches 3.9–4.0 [15, 16]. The most recent study [17] demon-
strated that although intracerebral haemorrhage was associated with
increasing age (especially > 85 years) and increasing INR (especially > 3.5),
the incidence of intracerebral haemorrhage was not statistically different in
patients with INRs below 2 and those with INRs between 2 and 3. This was
true even among those older than 75 years of age. Thus, the risk of intracere-
bral haemorrhage is not diminished in elderly patients with atrial fibrillation
when anticoagulation is maintained with an INR below 2.0. Therefore, there
really seems no basis to support the idea that a target of 2.0 with a range of
1.6–2.5 of the INR is desirable in this patient age group.

Optimal Management of Interruption of Oral Anticoagulation

At present, there is a consensus that one can interrupt oral anticoagulation
for 5–7 days if need be (e.g., for major or minor surgery) in patients with
atrial fibrillation at risk of stroke. It is recognised that there is a small risk,
but since the risk of stroke has been calculated on a yearly basis, it is thought
that the risk of stroke with cessation of oral anticoagulation for 1 week is
acceptable. But one wonders, particularly in the era of the ready accessibility
and effectiveness of low-molecular-weight heparins, whether one should
simply terminate warfarin treatment without providing a bridge during ces-
sation of warfarin therapy to cessation by giving low-molecular-weight
heparin until all anticoagulation must stop (e.g., for surgery), and a bridge to
reinitiation of warfarin therapy by giving low-molecular-weight heparins
after the need to withhold warfarin therapy is past.
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Cessation of Oral Anticoagulation After Apparent Complete Suppression

of Atrial Fibrillation with Drug Therapy or Cure with Radiofrequency

Ablation or a Maze Surgical Procedure

One of the putative advantages of pursuing a rhythm control strategy (i.e.,
attempting to maintain sinus rhythm) in patients with atrial fibrillation at
risk of stroke is that, with the absence of atrial fibrillation, the cause of clot
formation in the left atrium is eliminated. For this reason, it has been a clini-
cal assumption that there is no longer any need for oral anticoagulation with
warfarin. Several factors have clearly affected this assumption. First are the
data from the Atrial Fibrillation Follow-up Investigation of Rhythm
Management (AFFIRM) trial examining the relationship of ischaemic stroke
to INR and the presence of atrial fibrillation [18]. It is noteworthy that there
was no significant difference in the incidence of stroke in the rate control
versus the rhythm control arms. However, of the strokes that occurred in the
rhythm control arm, 57% occurred in patients not taking warfarin, and 22%
occurred in patients whose INR was less than 2. It is probable that these data
are in part explained by a significant incidence of so-called silent or asymp-
tomatic atrial fibrillation [19–22]. There is now a large body of evidence
indicating a significant incidence of asymptomatic atrial fibrillation in
patients with a history of atrial fibrillation who were thought to be in sinus
rhythm. For instance, in a recent study in patients with a history of atrial fib-
rillation in whom atrial fibrillation recurred, in more than one-third (38%)
the atrial fibrillation was both asymptomatic and of greater than 48 h dura-
tion [22]. Moreover, 16% of the patients developed asymptomatic atrial fib-
rillation of greater than 48 h duration, even after documented freedom from
atrial fibrillation for 3 months. Data such as those from the AFFIRM trial
and from the several trials demonstrating asymptomatic atrial fibrillation
have led to the widely accepted conclusion that patients with atrial fibrilla-
tion and risk factors for stroke should receive anticoagulation indefinitely,
even when sinus rhythm appears to be restored and maintained [18]. The
point is that success rates of maintaining continuous sinus rhythm in
patients with a history of atrial fibrillation are often grossly overestimated,
with potentially serious consequences for the patient.

So the question then extends to patients who are ostensibly cured of atri-
al fibrillation with radiofrequency catheter ablation or a surgical maze pro-
cedure. Can we ever stop anticoagulation in those patients? At present, the
patient follow-up is probably not long enough to make definitive declara-
tions about the incidence of late recurrence of atrial fibrillation in these
patients. The survey data recently published [23] indicate a late recurrence
rate in patients months after undergoing radiofrequency catheter ablation. It
is not clear whether those data are applicable to results from using current
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ablation techniques. Nor is the incidence of recurrence clear. However, a
community standard seems to be developing in which many patients who are
thought to be cured of atrial fibrillation are being advised to terminate oral
anticoagulation therapy 3–6 months following apparent successful cure.
Whether this turns out to be good medicine or not is yet to be determined.
There are no good data relating to surgical ablation of which we are aware. A
consensus regarding these issues ought to be updated in the guidelines. The
most conservative approach for now would seem to be that there are no data
yet available to support the safe cessation of oral anticoagulation in these
patients.

Conclusions

Several areas regarding use of oral anticoagulation have been identified
which are in need of updating or reconsideration. Recommendations are
always best when data-driven. For some of these areas, the data are lacking,
weak, or controversial. For others, the data seem clear. Because these several
areas are important, we hope they will gain the attention they deserve from
the ACC/AHA/ESC and ACCP guideline committees.
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ATRIAL FIBRILLATION: CATHETER ABLATION 
AND OTHER NON-PHARMACOLOGICAL THERAPIES 



Anatomy of the Left Atrium and Pulmonary Veins: What Have

We Learned in Recent Years?

J. KAUTZNER, H. MLCOCHOVA, P. PEICHL

Introduction

Although atrial fibrillation (AF) can be adequately controlled by drugs in the
majority of patients, medicaments may fail in certain proportion of cases. In
recent years, substantial progress has been made in both the elucidation of
AF mechanisms and non-pharmacological treatment of this arrhythmia.
Catheter ablation is now considered to be a highly effective treatment option
for the cure of symptomatic, drug-resistant AF [1–5]. Since 1998, when
catheter ablation of focal sources of AF was first reported by Haïssaguerre et
al. [1], several ablation techniques have been developed. Despite the diversity
of individual ablation strategies, all of them have something in common: the
ablation is performed either within or around the ostia of the pulmonary
veins (PVs). Contrary to initial belief, pulmonary venous anatomy has been
shown to be highly variable, and this increases the importance of imaging
before or during the procedure. The aim of this review is to discuss what
have we learned in recent years about the anatomy of the left atrium and
PVs, and to illustrate the impact of this on the practice of catheter ablation.

Anatomical Studies

Probably the first mention of myocardial sleeves around pulmonary and
caval veins originates from one of the Purkinje’s pupils, Ferdinandus
Raeuschel, and dates back to 1836 [6]. In his medical dissertation, Raeuschel
described muscular fibres on the surface of both caval veins and PVs up to
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their branching to secondary vessels. Muscular sleeves around the PVs were
later rediscovered in 1907 by Keith and Flack [7]. A detailed morphological
description was published in the late 1960s [8]. However, the importance of
PV anatomy went unrecognised until the era of catheter ablation for AF.

Reflecting the need of electrophysiologists for detailed knowledge of the
pulmonary venous anatomy, Ho et al. carried out a thorough investigation of
the arrangement and dimensions of the PVs in postmortem hearts [9].
Although some changes in the macroscopic anatomy and diameters were
possible owing to fixation of the specimens, four distinct PV ostia were
reported in 77% of cases and the rest presented with variant anatomy. In the
second study by these authors [10], a common vestibule of the left PVs was
described in three cases and a common orifice of the right PVs was found in
a further two subjects (accounted for 25% incidence of variant PV anatomy).
Discounting the common ostia, the diameter of the PV ostia ranged from 8
mm to 21 mm (mean 12.5 mm). An identical proportion of common ostia of
PVs (25%), usually on the left side of the left atrium, was reported in the
study by Moubarak et al. [11]. Thus, the concept of four PVs with distinct
ostia originating from the left atrium was debated for the first time in these
early anatomical studies.

Pulmonary Venous Angiography

Pulmonary venous angiography was often used during the early period of our
experience with catheter ablation for AF. The main purpose was to determine
the position and size of the PV ostia and, additionally, to detect possible
stenosis of the veins after the procedure. Some of the studies revealed that
patients with AF have larger PV diameters in proportion to the enlarged left
atrium [12]. The average diameter, of superior PV ostia were 10.9–11.0 mm
in controls, and 13.1–13.6 mm in patients with AF. The corresponding
diameters of the inferior PVs were 7.5 mm and 8.3 mm, respectively. In the
light of contemporary experience, the above data suggest that the PV diam-
eters were measured within the tube-like portions of PVs and not at the
level of the actual PV–atrial junction. More realistic values of PV ostial
diameters (ranging between 16.9 and 19.4 mm) were repor ted by
Vasamreddy et al. [13], who defined the PV ostium angiographically as the
junction of the PV with the left atrium and measured from both projections
with correction for a degree of magnification. The study revealed excellent
correlation between the angiographic measurements and MR angiographic
(MRA) measurements as analysed from 2D maximum intensity projections
and multiplanar reformations. Surprisingly, ostial diameters were found to
be similar in the two perpendicular planes, implying that the PV ostia are
circular in shape.
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Wittkampf et al. [14] demonstrated for the first time how contrast
angiography can be misleading in its representation of PVs. Comparing this
method with 3D reconstruction of MRA images, they showed that the major-
ity of the PV ostia are oval in shape, being longer in the superoinferior
dimension than in the anteroposterior dimension. The mean ratios between
maximum and minimum dimensions were 1.5 for left veins and 1.2 for right
veins, which corresponds with a more circular shape of the right PVs.
Maximum diameters of PVs ranged between 15.9 and 18.7 mm, and left
common PV ostium measured 27.3 mm on average.

The above experience suggests that neither PV angiography nor 2D view-
ing format of MRA data provides an exact description of the true PV ostial
shape. Despite this, many electrophysiologists still rely solely on PV angiog-
raphy to guide catheter ablation of AF.

3D Imaging Techniques

The advent of modern 3D imaging techniques such as MRA and/or multide-
tector CT angiography enabled detailed anatomical studies of PV anatomy
and non-invasive assessment of PV stenosis after catheter ablation [15–19].
The PV ostia were found to be oval in shape with the anteroposterior dimen-
sion less than the superoinferior dimension. Subjects with AF also presented
with complex branching patterns, especially in the inferior PVs [16].
However, individual authors identified variant PV ostial anatomy in a vari-
able proportion of subjects. For instance, the occurrence of a common left
vestibule of PVs ranged from 3% to 32%. Even the largest study, by Mansour
et al. [19], suggested that only 17% of cases presented with a common left
trunk and 29% with additional right-sided PVs. Our experience suggests that
the above inconsistency may arise from the fact that the majority of the
studies used 2D formatting of data instead of true 3D reconstructions. Using
special software for digital subtraction of arterial and venous phase and sub-
sequent 3D reconstruction of the data (Fig. 1), we have demonstrated that
the majority of patients (i.e. 75%) present with a common left vestibule [20].
Such a high occurrence of a common left vestibule suggests that this pattern
should be defined as the ‘normal’ PV arrangement. In addition, comparing
2D and 3D formats we have shown that the true PV arrangement is often
underestimated from 2D maximum intensity projections. Thus, only 3D
reconstructions of the segmented MRA data can reveal the true anatomy of
the left atrium, appendage, and PVs from different views.

A similar observation was made by Schwartzman et al. [21] using 3D
reconstructions of CT images, which they then correlated with those
obtained from intracardiac echocardiography. They revealed sligtly more
frequent occurrence of common vestibules on the left side and confirmed by
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analysis of local electrograms the presence of typical fractionated or bifid
potentials at these sites. Left atrial and PV dimensions were significantly
greater in the AF group. However, after correcting for left atrial volume, all
PV diameters were similar.

Thus, the use of 3D imaging techniques has changed our understanding
of PV ostial anatomy significantly and has helped to identify PV vestibules
that make up real PV–left atrial junctions. Their shape is predominantly oval
and they tend to extend to various degrees into the posterior wall of the left
atrium, especially on the left side. As a result, in many patients both left and
right-sided vestibules are close to each other on the posterior wall. This may
have important implications for the strategy of catheter ablation.
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Fig. 1a–c. Different types of pulmonary vein branching patterns as assessed by 3D
reconstructions of MRA imaging including virtual endoscopic images of the left pul-
monary veins: a less common pattern of four separate ostia and early branching of
the right superior vein, b prevailing pattern of short common vestibule or antrum of
left-sided pulmonary veins, c long common left trunk and early branching of both
right pulmonary veins. Au auricle, PV pulmonary veins

a
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Intracardiac Echocardiography

Recently, studies have been published on the use of intracardiac echocardio-
graphy (ICE) during catheter ablation [22–26]. The most widely used imag-
ing modalities are either a mechanical system with rotating transducer
obtaining images in 360° radial fashion (Boston Scientific, Natick, Mass.,
USA) or a phased-array system (Acuson, Mountain View, Calif., USA) with
steerable 90° longitudinal imaging. The latter system offers a greater depth of
penetration and the possibility of Doppler imaging including colour coding.
It has been reported that ICE can facilitate catheter ablation of AF by
increasing efficacy and reducing complications [22]. The main advantages
ICE offers are: (1) real-time delineation of cardiac anatomy, especially of PV
ostia; (2) positioning of the catheter tip and assessment of its contact with
the atrial wall; (3) visualisation of microbubble formation as a sign of tissue
overheating; (4) assessment of PV flow and recognition of PV stenosis; and
(5) early detection of thrombus and/or char formation. An ICE catheter posi-
tioned in the middle of the right atrium provides clear images of the fossa
ovalis and allows safe trans-septal puncture even in anticoagulated patients.
Given the high variability in PV arrangement, ICE provides very accurate
information about the position of the catheter tip around the PV ostia,
allowing precise positioning of the circular mapping catheter (Lasso,
Biosense Webster, Diamond Bar, Calif., USA) at the exact level of the ostium.
It has been shown to visualise PV ostia better than angiography (Fig. 2), and
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Fig. 2. Common vestibule of the left-sided pulmonary veins (doubleheaded arrows) as
depicted by intracardiac ultrasound (ACUSON, Siemens, Mountain View, Calif.,
USA). LIPV left inferior pulmonary vein, LSPV left superior pulmonary vein



to ensure proper electrode alignment and contact [23]. Monitoring of
microbubble formation can reveal tissue overheating [24–25] and thus min-
imise the risk of thrombus formation and other complications such as atrio-
oesophageal fistula. At the same time, ICE navigation minimises the risk of
PV stenosis [26]. For attempts to use novel devices such as a balloon catheter
for circumferential ultrasound ablation and/or a focused ultrasound balloon,
ICE may provide an excellent tool for navigation within the PV ostia. On the
basis of previous experience, ostial anatomy and resulting misalignment of
the catheter were identified as the main reason for ineffective energy deliv-
ery and failure of catheter ablation [27].

Implications for Catheter Ablation

All the above data suggest that the arrangement of the PV ostia is highly
variable, and even results obtained by the same imaging technique may vary
significantly. Pre-procedural 3D imaging appears to be the best tool to pro-
vide an understanding of the anatomy and provides a basis for subsequent
assessment of PV stenosis. True 3D reconstructions of images allow not only
visualisation of supernumerary PVs but, especially, an appreciation of the
morphology and size of PV ostia. This morphological knowledge may the
modify strategy of catheter ablation in a given case. Repeat studies during
follow-up can reveal PV stenosis. However, apart from PV angiography
and/or fluoroscopy guidance around the circular mapping catheter in the PV,
no on-line imaging was available until recently. Many electrophysiologists
turned to an electroanatomical mapping system (CARTO, Biosense-Webster,
Diamond Bar, Calif., USA) to reconstruct a virtual 3D anatomy of the left
atrium and tag the position of the PV ostia as identified from PV angiogra-
phy and/or from evaluation of catheter tip impedance during mapping. The
advent of ICE provides real on-line control of the position of the catheter
with respect to the PV ostia, and thus an additional potential benefit in
catheter ablation of AF. There is mounting evidence that on-line imaging by
means of ICE increases the success rate and minimises all potential compli-
cations of the procedure. Besides the imaging itself, ICE allows titration of
power delivery through monitoring for microbubbles as a sign of tissue
overheating. It may also enable proper placement of novel devices such as
the focused ultrasound catheter into the PV ostia.

Reflecting the need for intra-procedural navigation, various techniques of
image integration are being developed. One of them that is ready for clinical
use (CARTO Merge, Biosense-Webster, Diamond Bar, Calif., USA) integrates
pre-procedural 3D images (either 3D CT angiography or MRA) with the vir-
tual electroanatomical CARTO map constructed during the procedure. After
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the initial process of registration, the imported 3D anatomical map of the
left atrium and PVs could be used for catheter navigation. ICE guidance
could be used in order to improve the registration process (Fig. 3).
According to our early experience with this software, reliable correlation
between anatomical reconstructions and real-time CARTO maps of the left
atrium and PVs can be obtained in a good proportion of patients. Image
integration with other mapping modalities such as NAVx (St. Jude Medical,
Minneapolis–St Paul, Minn., USA) is under development.

Conclusions

Lessons learned from sophisticated imaging techniques such as MRA or CT
angiography suggest that the anatomy of the left atrium and PVs is very
complex and highly variable. The most important discovery appears to be
the fact that in a large proportion of patients left-sided PVs merge into a
common vestibule or antrum. Recent evidence suggests that ablation at the
level of this common antrum, if present, may have better efficacy and carry
less risk of PV stenosis. This increases the need for either pre-procedural 3D
imaging (and image integration) or intra-procedural imaging using ICE. The
latter technology, especially, may become a universal guiding tool that allows
precise catheter positioning, monitoring of energy delivery, and/or reduction
of complications during these complex procedures.
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Fig. 3. Computer tomography angiographic 3D image integrated with electroanatomi-
cal mapping system (CARTO Merge, Biosense-Webster). After initial registration
under intracardiac echocardiographic guidance, the anatomical image was fitted to
an electroanatomical map and subsequently used to deploy ablation lines around
pulmonary veins (black dots). A shows the left atrium in posterior view; B and C
show virtual endoscopic images of the left- and right-sided pulmonary veins, respec-
tively. LIPV left inferior pulmonary vein, LSPV left superior pulmonary vein, RIPV
right inferior pulmonary vein, RSPV right superior pulmonary vein
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Imaging in Arrhythmic Syndromes: What Is the Role of Cardiac

Radiology?

R.D. WHITE

Introduction

The field of cardiac radiology is now primarily concerned with applications
of tomographic imaging modalities, especially magnetic resonance imaging
(MRI) [1] and multi-detector computed tomography (MDCT) [2], to the
diagnostic evaluation of acquired and congenital cardiovascular diseases.
The value of MRI and MDCT in assessing conditions predisposing to the
development of atrial or ventricular arrhythmias, in addressing their compli-
cations, and/or in guiding and monitoring treatments of such arrhythmias,
has grown rapidly in recent years.

Atrial Arrhythmias

Atrial fibrillation is the most common form of atrial arrhythmia. While the
atrial myocardial histopathology leading to atrial fibrillation cannot be
readily detected by MRI or MDCT, signs of cardiac disease (e.g. coronary
artery disease, mitral valve disease) leading to the development of atrial fib-
rillation, as well as the resulting gross morphological abnormalities in the
atria (e.g. left atrial body and appendage dilatation) are easily assessed. In
addition, thrombus within the distended appendage can be identified using
either imaging modality; however, distinguishing it from stagnating flow is
not always possible [3].

In patients undergoing evaluation for pulmonary vein isolation for treat-
ment of atrial fibrillation, MRI and MDCT are also capable of delineating
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patterns of pulmonary venous drainage which may influence the planning
of pulmonary vein ostial ablation [4–11]. Such ‘roadmaps’ of left atrial and
pulmonary vein anatomy can be co-registered with electrical-wavefront
maps for image-directed intervention [8, 12]. Following pulmonary vein
isolation, pulmonary vein luminal stenosis can be detected using MRI
[13–16]. However, MDCT is especially well suited to the detection of
changes in the pulmonary vein wall (e.g. thickening from oedema), as well
as the commonly associated mediastinal (e.g. enlarged nodes), hilar (e.g.
increased lymphoid tissue), pericardial (e.g. effusion) or lung parenchymal
abnormalities (e.g. infarct) which may result from the pulmonary vein iso-
lation procedure (Fig. 1) [17–20].
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Fig. 1. Pulmonary venous stenosis after pulmonary vein isolation for treatment of atrial
fibrillation (MDCT). Despite successful radiofrequency ablation of the ostium of the left
superior pulmonary vein for pulmonary vein isolation (PVI), there was subsequent
development by 3 months and progression to 10 months of luminal stenosis (white
arrows) with adjacent soft tissue or fluid (black arrows)



Ventricular Arrhythmias

Left Ventricular Arrhythmias

Ventricular arrhythmias originating from the left ventricle often result from
a wide range of ischaemic or non-ischaemic myocardial insults which lead to
characteristic patterns detectable by tomographic imaging. MRI, in particu-
lar, is uniquely capable of identifying gross morphological changes in the
cardiac chambers, intra-cardiac haemodynamic abnormalities, and myocar-
dial histopathology associated with the various diseases predisposing to left
ventricular arrhythmia [1, 21].

Dynamic MRI techniques (e.g. cine and cine-tagging) can be used to
detect global dysfunction in which the systolic component predominates
over the diastolic component (e.g. dilated cardiomyopathy) or vice versa (e.g.
restrictive cardiomyopathy) [1]. Regional dysfunction can also be evaluated
using the same dynamic techniques, with patterns of systolic mechanics of
myocardium particularly useful for differentiating between thick-wall condi-
tions (e.g. concentrically hyper-contracting in physiological left ventricular
hypertrophy due to systemic arterial hypertension vs asymmetrically
depressed contraction of the interventricular septum in hypertrophic
obstructive cardiomyopathy vs concentric hypo-contracting in infiltrative
myocardial conditions such as amyloid heart disease). While these approach-
es provide indirect functional indicators of myocardial disease, direct indica-
tions of myocardial histopathology are provided by tissue-characterising
techniques (e.g. delayed-enhancement and T2-weighted fast spin-echo).
Patterns of myocardial necrosis which indicate the presence of ischaemic
damage (predominantly subendocardially distributed) from non-ischaemic
damage (patchy and/or non-subendocardial in myocarditis and non-
ischaemic cardiomyopathies) can be appreciated (Fig. 2) [22]. In patients
with coronary artery disease, myocardial infarct surface area and mass on
MRI have been shown to be better identifiers of a substrate for inducible
monomorphic ventricular tachycardia than reduction in left ventricular ejec-
tion fraction [23]. In addition, acute and/or inflammatory stages can be dis-
tinguished from chronic and/or fibrotic stages [24].

In the presence of contraindications to the performance of MRI (e.g. per-
manent pacemakers and implanted defibrillators), MDCT can be employed
to provide valuable gross morphological and functional information. MDCT
can also provide important additional insights into the condition of the
heart (e.g. coronary artery atherosclerosis) which can help to identify the
underlying cause of myocardial disease [2, 21]. Last, MDCT may be used in
the planning of therapy for ventricular arrhythmias (e.g. delineation of coro-
nary venous anatomy for deciding pacemaker/defibrillator lead placement).
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Right Ventricular Arrhythmias

Right ventricular cardiomyopathy, especially arrhythmogenic right ventricu-
lar dysplasia, is a major cause of ventricular arrhythmia of right ventricular
origin. MRI has been widely used for many years to evaluate arrhythmogenic
right ventricular dysplasia due to its ability to reveal overall right ventricular
dilation, aneurysmal outpouchings, global or regional systolic dysfunction,
and fibrofatty myocardial replacement, which characterise this condition
and are related to inducible ventricular tachycardia [25–31] (Fig. 3). In addi-
tion, in the setting of idiopathic right ventricular outflow tract tachycardia
[32, 33] and Brugada syndrome [34], MRI has demonstrated milder morpho-
logical and functional abnormalities associated with the site of origin of
ectopy. More recently, MDCT has been shown to have comparable capabili-
ties and can be effectively used when there are contraindications to MRI
(e.g. implanted defibrillator) [35, 36] (Fig. 4).

192 R.D. White

Fig. 2. Myocardial scarring in hypertrophic obstructive cardiomyopathy (MRI). Two-
chamber (2-C), four-chamber (4-C), and mid short-axis (S-A) delayed enhancement
images demonstrate patchy myocardial scarring (bright) intermixed with more normal-
appearing myocardium (dark). The non-subendocardial distribution of the scarring
within the hypertrophic left ventricle with asymmetric septal prominence is character-
istic of non-ischaemic myocardial disease
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Fig. 3. Arrhythmogenic right ventricular dysplasia (MRI). Adjacent oblique-transaxial
‘dark blood’ images (upper images) and corresponding images from cine ‘bright blood’
image loops (lower images) are shown. The former reveal bright fatty tissue replacing
the musculature of the anterior surface of the lower outflow tract and upper body of the
right ventricle; the latter demonstrate systolic dysfunction in the same areas

Fig. 4. Arrhythmogenic right ventricular dysplasia (MDCT). Oblique multiplanar recon-
structions demonstrate diffuse dark fatty replacement (arrows) of both the right ven-
tricular myocardial wall, which also shows prominent irregularity and multiple small
outpouchings, and the apical portion of the left ventricular wall. Owing to the presence
of an implanted defibrillator (stars), MRI could not be performed



Conclusions

MRI and MDCT can play important roles in understanding the underlying
causes of atrial and ventricular arrhythmias. In addition, they are becoming
more and more often incorporated into the development of new interven-
tional therapies for these clinical conditions.
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Value of Transoesophageal Echocardiography for the Ablation

of Atrial Fibrillation

B. DE PICCOLI, A. ROSSILLO

Introduction

The ablation of atrial fibrillation by pulmonary vein antrum isolation (PVAI)
through radiofrequency  is an effective treatment of symptomatic, drug
refractory arrhythmia. In this regard, transoesophageal echocardiography
(TEE) is a useful tool to identify those patients eligible for the procedure [1]
and to monitor its possible consequences.

Transoesophageal Echocardiography Before Ablation

Before the procedure, TEE examination of the patients mainly focuses on the
interatrial septum (IAS), left atrial (LA) cavity, LA appendage and pul-
monary veins (PVs). In people affected by atrial fibrillation, the IAS often
exhibits minor abnormalities, such as a floating movement, an aneurism, a
patent fossa ovalis or increased thickening [2]. These abnormalities, espe-
cially aneurism, can enhance thrombus deposition on the IAS surface; which
constitutes a risk factor for embolic complications when the IAS is punc-
tured by catheters aimed at the ostium of the PV. Conversely, a patent fossa
ovalis can facilitate crossing of the IAS by the catheter; in this case, TEE can
be used to determine the optimal approach to the PV.

The LA appendage is the structure most frequently involved [3] in car-
diac thrombus formation; thus, it must be excluded before carrying out PVAI
in order to avoid embolic complications. Spontaneous echo contrast (SEC) is
also considered an embolic risk factor [4] and its presence and intensity are
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strictly correlated with dilation of the LA appendage and reduction of its
outward and inward flow velocities. Furthermore, Goldman et al. [5] used
multivariate analysis to determine that an outward flow velocity < 20 cm/s
correlated with the presence of thrombus, intense SEC and embolic events. If
such information can be obtained for each patient, an optimal anticoagulant
therapy before and during PVAI can be prescribed.

While LA morphology and contractility is adequately investigated by
transthoracic echocardiography, TEE exhibits a higher sensitivity and speci-
ficity in thrombus detection [6] and can thus be used before PVAI to prevent
subsequent embolic events.

The PV–LA junction and the antrum around the vein are the critical zones
involved in the application of radiofrequency (RF) for PVAI. It is therefore
important to determine the number of PVs, their dimensions, anatomical vari-
ants and the velocities of their flow in order to tailor the procedure to the indi-
vidual patient. The most frequent variants are additional veins; these involve
the right PV in near 30% of cases [7], and the common ostium, which involves
the left PV in 10.5–32% of cases [1, 7, 8]. RF must be titrated only on the com-
mon ostium, not on the mouth of the single vein, in order to avoid future steno-
sis. Additional veins must also be treated since they can be the sites of foci trig-
gering atrial fibrillation. Furthermore, the dimensions of the PV must also be
determined before carrying out PVAI as it will facilitate choice of the best size
Lasso catheter for use during the procedure.

Finally, by measuring the velocities (v) of pulmonary vein flow (pvf), we
can calculate possible pressure gradients (gradient = 4v2) along the vein; that
is, we can demonstrate PV stenosis, which is not a not rare occurrence in
patients previously submitted to other ablation procedures, especially those
done under the guidance of angiography or CARTO [9]. In this event, RF must
be cautiously titrated so as not to worsen the anatomical features of the vein.

Transoesophageal Echocardiography During Ablation

The use of TEE in the cardiac electrophysiology lab during ablation has been
reported in previous studies on RF treatment of supraventricular arrhyth-
mias [10]. The method was shown to cause the  prolonged discomfort of
patients and was thus neglected after the introduction of intracardiac
echocardiography.

Transoesophageal Echocardiography After Ablation

Early reports on the use of RF for PVAI in patients with atrial fibrillation
[11] reported PV stenosis in subjects submitted to the procedure. Since then,
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follow-up studies of the treated patients have been carried out using multidi-
mensional computed tomography (CT) [12], nuclear magnetic resonance
[13] and TEE [13]. Each of these approaches can document the variations in
the dimensions of the PV over time. Nevertheless, the documented calibre of
the PV depends on the section of vein explored by the imaging technique
and therefore may not reflect the real narrowing of the vein, owing to its
elliptical shape [8]. However, TEE can also be used to calculate pvf velocities,
whose variation better reflects the functional impact of the stenosis.

Personal Experience

We have recently conducted a follow-up study of 79 patients (65 males, 14
females, mean age 57 ± 9.9 years) who underwent ablation for the treatment
of atrial fibrillation. In this series, 34% were affected by paroxysmal, 40% by
persistent, and 17% by permanent atrial fibrillation. Many of the patients
(35%) were free from cardiac diseases, while hypertensive cardiopathy was
the prevailing (27%) pathology.

At the beginning of the study, PVAI was guided by angiography or
CARTO, and later by intracardiac echocardiography. Each patient was exam-
ined by TEE both before and 48 h (first control), 3 months (second control)
and 12 months (third control) after ablation.

A spiral CT was performed in each patient at the third month after the
procedure, and was repeated at 6 and 12 months later in patients with sus-
pected or certain PV stenosis.

In each study patient, the presence of IAS abnormalities such as floating
movement, aneurism or shunt was searched for. In addition, the left atrium
and LA appendage (LAa) were examined for the presence of thrombus, SEC,
and we focused on the presence of a pericardial effusion. The dimension of
each PV at the junction with the left atrium and the velocities of pvf by pulse
wave were measured by Doppler. The peak (peak vel) and middle (mid vel)
velocities and their ratio (mid vel/peak vel) were calculated.

Results

Qualitative Aspects

A floating IAS was documented in 33% and an aneurism in 4% of the study
population. A patent fossa ovalis was observed in 10% of the patients at basal
TEE. The incidence increased to 86% at the first control, but returned to the
basal level of 10% at follow up. In 9% of the subjects, SEC with an intensity
≥ 2+/4+ was observed in the left atrium and LAa. The incidence increased to
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19% at the first control but decreased subsequently. Thrombi were not
detected at basal TEE or during the follow up. A pericardial effusion < 150
cc was observed in 26% of patients before ablation, and in 64%, with a maxi-
mal amount of 500 cc, at the first control; however, at the time of follow-up,
the incidence had decreased to the basal level.

Quantitative Features of the Pulmonary Vein

Three months after ablation (second control), the average size of the PV in
the study population had decreased (Table 1) by 7.8% (P = 0.03 compared
to the basal values). The peak vel increased by 34.4% (P = 0.0001), the mid
vel by 47.27% (P = 0.0001), and the mid vel/peak vel by 8% (P = 0.002). At
the last control, there was a further but not significant narrowing of the PV
and an increase in the parameters measuring velocity.

Spiral CT, 3 months after ablation, showed a < 50% narrowing of the PV
in 75 patients, whereas in three patients there was 50–70% narrowing of the
PV. In one patient narrowing was > 70%.

In the first group of 75 patients, the peak vel was 73.6 ± 21.1 cm/s, mid
vel 36.9 ± 13 cm/s, and mid vel/peak vel 0.49 ± 0.06. In the four patients
with a PV narrowing > 50%, peak vel was 107.7 ± 57.5 cm/s (P = 0.009),
mid vel was 58.3 ± 33.6 cm/s (P = 0.05), and mid vel/peak vel 0.54 ± 0.05
(P = 0.05). In each PV with a stenosis > 50%, peak vel was > 139 cm/s, mid
vel was > 92 cm/s and mid vel/peak vel was > 0.66, with a more than 100%
increase compared to pre-ablation values.

Discussion

In present study, we observed a rather high prevalence of minor IAS abnor-
malities that could facilitate supraventricular arrhythmias, above all atrial
fibrillation. This hypothesis is in agreement with the results of other authors
[2], who observed a higher prevalence of atrial fibrillation in the presence of
pathological IAS.

200 B. De Piccoli, A. Rossillo

Table 1. Variation of the parameters 3 months after ablation

Parameters (average values Basal 3 months Variation (%) P
of the 4 pulmonary veins)

Dimension (mm) 13.7 ± 1.9 12.9 ± 1.8 ≠ 7.8 0.03

Peak velocity (cm/s) 56 ± 6.5 75 ± 24.4 ≠ 34.4 0.0001

Mid velocity (cm/s) 25.5 ± 8.4 37.8 ± 14.9 ≠ 47.27 0.0001

Mid velocity/peak velocity 0.45 ± 0.05 0.49 ± 0.06 ≠ 8 0.002



We did not detect a thrombus in the left atrium or LAa of any subject of
the study population; in contrast with previous reports [14]. Nevertheless, we
must emphasise that a high percentage of our patients was affected by parox-
ysmal or persistent atrial fibrillation, while previous reports mainly relate to
permanent atrial fibrillation. Furthermore, our patients had been previously
anticoagulated and thus were in an optimal therapeutic range for at least 4
weeks before ablation.

One day after ablation, there was a high prevalence of pericardial effu-
sion. Affected patients were completely asymptomatic and pericardiocenthe-
sis was not necessary. Moreover the effusion had been reabsorbed by the end
of the study. It is likely that the effusion originated from an inflammation of
the pericardium following the delivery of RF to the thin posterior wall of the
left atrium during PVAI.

PV stenosis after RF of PVAI has been reported in previous studies, in
which imaging studies were carried out [1, 8, 13]. The features of PV narrow-
ing may not always provide information about the physiological significance
of the stenosis; in fact, symptoms can be absent despite  a visible reduction
of PV calibre (Fig. 1). By calculating pvf velocities, we were able to document
variations with respect to the basal value obtained before ablation and thus
better able to quantify the haemodynamic consequences of RF to the ostium
of the PV.
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Fig. 1. Transoesophageal echocardiography (TEE) image of a pulmonary vein stenosis.
The arrows point out the site of the stenosis. LA Left atrium, LSPV left superior pul-
monary vein
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Fig. 2. Doppler flow of a critically stenosed pulmonary vein. The spectrum shows a
‘plateau’ configuration

Fig. 3a, b. Normal pulmonary vein flow. a systolic wave, b diastolic wave

a b



Our study also showed that, on average, pvf velocities increased, implying
a slight narrowing of the PV. Three months after ablation there was a further
but not significant increase in pvf. Only an increase over the basal value of
more than 100% identified a > 50% stenosis of the PV at spiral CT.
Moreover, the spectrum of the pulse-wave Doppler of the pvf of these
patients was significantly altered owing to the large increase in the middle
velocity. Figure 2 shows the Doppler flow spectrum of a patient with a PV
stenosis > 70%. The peak vel was 210 cm/s, mid vel 120 cm/s and mid
vel/peak vel 0.75. The normal systolic and diastolic waves (Fig. 3) are not dis-
tinguishable and the entire flow exhibits a ‘plateau’ configuration. The sub-
ject was symptomatic for dispnoea and haemoptysis and his stenosed left
inferior PV was successfully treated by angioplasty and stent insertion.

Conclusions

TEE is a useful tool to investigate patients undergoing ablation therapy of
atrial fibrillation. The technique provides important information about the
presence of thrombus and SEC in the left atrium and LAa, and about minor
IAS abnormalities, which seem to occur more frequently than in the normal
population. Such information is necessary for planning the approach to the
PV by catheters that must cross the septum and the atrial cavity.

After ablation, TEE can be used to monitor possible minor complications,
such as a residual IAS shunt or pericardial effusion. It also allows the detec-
tion of PV stenosis, a rare but dreaded complication of PVAI. A control TEE
examination 3 months after the ablation procedure is probably adequate for
this purpose.
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Value of the LocaLisa Non-fluoroscopic Mapping System in the

Ablation of Atrial Fibrillation

P. SANDERS1, 2, P. JAÏS1, M. HOCINI1, L.-F. HSU1, G.D. YOUNG2, C. SCAVÉE1, P. KUKLIK2,
M. ROTTER1, Y. TAKAHASHI1, T. ROSTOCK1, F. SACHER1, B. JOHN1, M. STILES2, M.
HAÏSSAGUERRE1

Background

Achieving and maintaining sinus rhythm in patients with atrial fibrillation
(AF) is the optimal therapeutic outcome. While antiarrhythmic therapy to
maintain sinus rhythm has been demonstrated to be of limited efficacy
[1–3], preliminary evidence suggests a beneficial effect of catheter ablation
strategies to achieve and maintain sinus rhythm [4, 5]. The importance of the
interaction between the triggers and substrate in the development of AF is
well-recognised. Catheter ablation strategies are centred on pulmonary vein
(PV) ablation. However, it is becoming evident that most patients with per-
manent or persistent AF and 30–40% of those with paroxysmal AF will
require additional substrate modification to improve the outcomes of AF
ablation [6]. Several modalities of substrate modification have been pro-
posed and include linear atrial ablation [7–9], ablation of fractionated elec-
trograms [10], ablation at sites of high-frequency activity [11], and attempts
at vagal denervation [12]. However, these procedures are technically chal-
lenging and associated with prolonged procedural and fluoroscopic dura-
tions.

Recently, several localising and three-dimensional mapping tools have
emerged to facilitate and reduce the fluoroscopic exposure associated with
AF ablation. This review will focus on the use of the LocaLisa (Medtronic)
non-fluoroscopic mapping system for anatomical guidance during the abla-
tion of AF.

1Hôpital Cardiologique du Haut-Lévêque, and Université Victor Segalen Bordeaux II,
Bordeaux, France; 2Department of Cardiology, Royal Adelaide Hospital, and
Department of Medicine, University of Adelaide, Adelaide, Australia



The LocaLisa Mapping System

The LocaLisa mapping system has been developed to allow three-dimension-
al catheter localisation. This is based on externally applied electrical fields
and works on the principle that a voltage drop occurs as the current passes
through the various body structures. Three orthogonally placed pairs of skin
electrodes are used to send small, 1-mA currents between each pair of skin
electrodes (each at a slightly different frequency: 30.27 kHz, 30.70 kHz, and
31.15 kHz). Standard intra-cardiac catheters are used as sensors to detect
these thoracic electrical fields. By digitally separating the three frequencies,
the three-dimensional position (X, Y, and Z directions, respectively) of the
catheter can be determined. Each electrode on the system can be used as a
sensor and displayed in terms of its relative position. The location accuracy
of the system has been demonstrated to be better than 2 mm, with a strong
linear correlation with fluoroscopically determined catheter locations (cor-
relation coefficient 0.996–0.999) [13].

Pulmonary Vein Isolation

While a number of sites within the atria have been reported to initiate AF,
the PVs are recognised as the dominant source of triggers initiating AF in
many clinical situations [14]. Spontaneous activity arising from the PVs can
manifest in a spectrum of atrial arrhythmias, isolated extrasystoles, slow
atrial rhythms, and atrial tachycardia [14]. Rapid sustained focal discharges
(sometimes for hours, days, or longer) may drive sustained AF (true ‘focal’
AF), but more commonly short bursts initiate AF in patients with the appro-
priate atrial substrate [14]. More recently, it has been suggested that the PVs
also have a role in the maintenance of a significant proportion of cases of
paroxysmal AF [15, 16].

Circumferential mapping catheters have enabled evaluation of the peri-
metric distribution and activation sequence of PV activity to allow their
effective isolation. Ablation of the PVs guided by circumferential mapping is
performed 1 cm from the ostium of both right-PVs as well as for the poste-
rior and superior aspects of the left-PVs, to minimise the risk of PV stenosis.
However, when ablation is required at the anterior portions of the left-PVs,
energy is delivered within the first millimetres of the PV (rather than the
posterior wall of the appendage) to achieve effective disconnection.
Radiofrequency (RF) energy is delivered for 30 s at each point and this
application is prolonged for 1–2 min when a change occurs in the morphol-
ogy or sequence of the PV potentials, as determined by circumferential map-
ping. The procedural endpoint is the total disconnection or dissociation of
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the PV. An immediate procedural success of 94–100% has been reported for
this type of circumferential mapping. The long-term success rates for PV
electrical isolation have been approximately 70% without antiarrhythmics.

Several mapping tools have been used for anatomical localisation during
PV ablation, including for real-time demonstration of catheters and struc-
tures, tagging of ablation sites, and mapping of gaps in the ablation lines.
Macle and colleagues prospectively randomised 52 patients undergoing PV
ablation for paroxysmal AF to ablation using the LocaLisa mapping system
or to fluoroscopy alone [17]. The LocaLisa system was used to visualise in
real-time the circumferential mapping catheter positioned at the ostia of
each PV and the ablation catheter location relative to this catheter, and to
annotate ablated sites. While the total duration of RF energy delivered did
not differ significantly between the groups, there was a significant decrease
in the fluoroscopic duration (8.4 ± 4.3 min vs 23.7 ± 9.7 min, respective-
ly; P < 0.0001) and time to achieve isolation of all four PVs (46.5 ± 12.0
min vs 66.3 ± 18.9 min, respectively; P < 0.0001). These results have
recently been confirmed by Rotter et al. using a more advanced mapping sys-
tem (NavX, Endocardial Solution) based on the same principles [18]. In this
prospective randomised study evaluating the role of NavX in 72 patients
with paroxysmal AF, a significant reduction in fluoroscopic duration (15.4 ±
3.4 min vs 21.3 ± 6.4 min, respectively; P < 0.001) and time to isolate all
PVs (52 ± 12 min vs 61 ± 17 min; P = 0.02) was observed. Both these
studies demonstrated the benefit of continuous real-time visualisation of
catheters at the time of ablation to reduce the fluoroscopic exposure and
procedural duration for the patient and the physician. While, theoretically,
continuous monitoring of the ablation catheter may decrease the delivery of
energy within the PV and therefore PV stenosis, neither of these studies
were powered to establish this benefit.

Ablation of the Substrate for AF

Surgically created linear compartmentalisation of the atria (the MAZE oper-
ation) is associated with long-term suppression of AF. A number of groups
have attempted to perform linear ablation to modify the atrial substrate.
These studies have indicated that the most effective linear ablation for the
prevention of AF needs to involve the left atrium or both atria [7–9, 19–22].
These procedures to achieve complete linear conduction block have been
technically challenging, with incomplete linear lesions being associated with
the frequent development of left atrial macroreentry and recurrence of
arrhythmia; they were also associated with increased procedural risk and
prolonged procedural and fluoroscopic durations.
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Recently, ablation of the mitral isthmus (left inferior PV to the lateral
mitral annulus) and the roofline (joining the two superior PVs) has become
an increasingly popular approach. Mitral isthmus ablation is particularly
attractive as target for substrate modification as it is short in length and its
proximity to the coronary sinus allows optimal positioning of catheters to
confirm linear conduction block. This short line, when combined with PV
ablation results in a contiguous line of conduction block that transects the
posterior lateral LA (analogous to the conduction block created by cavotri-
cuspid isthmus ablat ion being extended by the cr ista terminalis).
Conduction block at the mitral isthmus can be achieved in 92% of patients
with paroxysmal AF and was associated with 88% of patients being arrhyth-
mia-free without the use of anti-arrhythmic agents at 10 ± 5 months of fol-
low-up [9]. Importantly, there was no change in atrial activation as a result of
mitral isthmus ablation during sinus rhythm. Preliminary data concerning
the use of this procedure in patients with chronic AF suggests that at a fol-
low-up of 6 ± 5 months, 75% of patients remained in sinus rhythm. Scavee
and colleagues presented data evaluating the role of LocaLisa navigation
compared to fluoroscopy alone to undertake mitral isthmus ablation [23].
This group randomised 60 patients undergoing ablation of paroxysmal AF
after PV isolation and found a significant reduction in the fluoroscopic dura-
tion (8 ± 4 min vs 20 ± 11 min, respectively; P < 0.001), procedural time
(38 ± 18 min vs 62±38 min, respectively; P = 0.004), and the duration of
RF energy to achieve bidirectional conduction block (1166 ± 652 s vs 1811
± 922 s, respectively; P = 0.04). Similar results have been presented with
the use of NavX mapping [24]. While the reduction in fluoroscopic and pro-
cedural duration is consistent with that observed with PV ablation and
reflects the benefit of continuous online visualisation of the catheters, the
reduction in the RF duration suggests a benefit in terms of tagging of previ-
ously ablated regions (Fig. 1).

Similarly, Rotter et al. evaluated the use of NavX navigation in perform-
ing roofline ablation and found a consistent reduction in the fluoroscopic
(5.6 ± 2.2 min vs 9.9 ± 4.8 min, respectively; P = 0.003) and procedural
durations (14.7 ± 5.5 min vs 26.6 ± 16.9 min; P = 0.007). While these
results have not yet been confirmed using the LocaLisa mapping system,
given the similarities of these systems it is anticipated that the benefit would
extend to this system as well (Fig. 2).
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Fig. 1. Mitral isthmus ablation using the LocaLisa navigation system. Left right anterior
oblique (RAO), right anterior posterior (AP). The left inferior PV (LIPV) is marked in
purple and the mitral annulus (MA) marked through the coronary sinus (CS). The red
tags demonstrate the linear ablation line

Fig. 2. Roofline ablation using the LocaLisa navigation system. The two superior PVs are
marked in purple. The red tags demonstrate the ablation sequence joining the two
superior PVs



Conclusions

The LocaLisa mapping system provides an economical means of continuous
online monitoring of multiple catheters, the annotation of anatomic struc-
tures, and the tagging of previously ablated regions. These features signifi-
cantly reduce the fluoroscopic exposure and procedural duration associated
with PV isolation and linear substrate modification for AF.

Acknowledgments
Dr. Sanders is supported by the Neil Hamilton Fairley Fellowship from the National
Health and Medical Research Council of Australia and the Ralph Reader Fellowship
from the National Heart Foundation of Australia. Dr. Rotter is supported by the Swiss
National Foundation for Scientific Research, Bern, Switzerland. Dr. Rostock is sup-
ported by the German Cardiac Society. Dr. Stiles is supported by an Overseas
Research Fellowship from the National Heart Foundation of New Zealand.

References

1. Hohnloser SH, Kuck KH, Lilienthal J, for the PIAF investigators (2000) Rhythm or
rate control in atrial fibrillation – pharmacological intervention in atrial fibrilla-
tion (PIAF): a randomised trial. Lancet 356:1789–1794

2. Anonymous (2002) A comparison of rate control and rhythm control in patients
with atrial fibrillation. The atrial fibrillation follow-up investigation of rhythm
management (AFFIRM) investigators. N Engl J Med 347:1825–1833

3. Van Gelder IC, Hagens VE, Bosker HA et al; Rate Control versus Electrical
Cardioversion for Persistent Atrial Fibrillation Study Group (2002) A comparison
of rate control and rhythm control in patients with recurrent persistent atrial
fibrillation. N Engl J Med 347:1834–1840

4. Hsu LF, Jaïs P, Sanders P et al (2004) Catheter ablation of atrial fibrillation in con-
gestive heart failure. N Engl J Med 351:2373–2383

5. Pappone C, Rosanio S, Augello G et al (2003) Mortality, morbidity, and quality of
life after circumferential pulmonary vein ablation for atrial fibrillation: Outcomes
from a controlled nonrandomized long-term study. J Am Coll Cardiol 42:185–197

6. Oral H, Knight BP, Tada H et al (2002) Pulmonary vein isolation for paroxysmal
and persistent atrial fibrillation. Circulation 105:1077–1081

7. Haïssaguerre M, Jaïs P, Shah DC et al (1996) Right and left atrial radiofrequency
catheter therapy of paroxysmal atrial fibrillation. J Cardiovasc Electrophysiol
7:1132–1144

8. Sanders P, Jaïs P, Hocini M et al (2004) Electrophysiologic and clinical consequence
of linear catheter ablation to transect the anterior left atrium in patients with atrial
fibrillation. Heart Rhythm 1:176–184

9. Jaïs P, Hocini M, Hsu LF et al (2004) Technique and results of linear ablation at the
mitral isthmus. Circulation 110:2996–3002

10. Nademanee K, McKenzie J, Kosar E et al (2004) A new approach for catheter abla-
tion of atrial fibrillation: mapping of the electrophysiological substrate. J Am Coll
Cardiol 43:2044–2053

210 P. Sanders et al.



11. Sanders P, Berenfeld O, Hocini M et al (2005) Spectral analysis identifies sites of
high frequency activity maintaining atrial fibrillation in humans. Circulation
112:789-797

12. Pappone C, Santinelli V, Manguso F et al (2004) Pulmonary vein denervation
enhances long–term benefit after circumferential ablation for paroxysmal atrial
fibrillation. Circulation 109:327–334

13. Wittkampf FHM, Wever EFD, Derksen R et al (1999) LocaLisa: new technique for
real-time 3-dimensional localization of regular intracardiac electrodes. Circulation
99:1312–1317

14. Haïssaguerre M, Jaïs P, Shah DC et al (1998) Spontaneous initiation of atrial fibril-
lation by ectopic beats originating in the pulmonary veins. N Engl J Med
339:659–666

15. Haïssaguerre M, Sanders P, Hocini M et al (2004) Changes in atrial fibrillation cycle
length and inducibility during catheter ablation and their relation to outcome.
Circulation 109:3007–3013

16. Haïssaguerre M, Sanders P, Hocini M et al (2004) Pulmonary veins in the substrate
for atrial fibrillation: the ‘venous wave’ hypothesis. J Am Coll Cardiol 43:2290–2292

17. Macle L, Jaïs P, Scavee C et al (2003) Pulmonary vein disconnection using the
LocaLisa three–dimensional nonfluoroscopic catheter imaging system. J
Cardiovasc Electrophysiol 14:693–697

18. Rotter M, Takahashi Y, Sanders P et al (2005) Reduction of fluoroscopy exposure
and procedure duration during ablation of atrial fibrillation using a novel anato-
mical navigation system. Eur Heart J 26:1415-1421

19. Jaïs P, Shah DC, Takahashi A et al (1998) Long-term follow-up after right atrial
radiofrequency catheter treatment of paroxysmal atrial fibrillation. Pacing Clin
Electrophysiol 21:2533–2538

20. Ernst S, Ouyang F, Lober F et al (2003) Catheter-induced linear lesions in the left
atrium in patients with atrial fibrillation: An electroanatomic study. J Am Coll
Cardiol 42:1271–1282

21. Jaïs P, Shah DC, Haïssaguerre M et al (1999) Efficacy and safety of septal and
left–atrial linear ablation for atrial fibrillation. Am J Cardiol 84:139R–146R

22. Packer DL (2002) Linear ablation for atrial fibrillation: the pendulum swings back.
In: Zipes DP, Haïssaguerre M (eds) Catheter ablation of atrial arrhythmias. Futura
Publishing, Armonk, pp 107–128

23. Scavee C, Jaïs P, Hsu LF et al (2003) Linear left atrial ablation of atrial fibrillation
using a three-dimensional non-fluoroscopic mapping system. Eur Heart J 24:S–597

24. Takahashi Y, Rotter M, Sanders P et al (2005) Left atrial linear ablation to modify
the substrate of atrial fibrillation using a new nonfluoroscopic imaging system.
Pacing Clin Electrophysiol 28:S90–S93

211Value of the LocaLisa Non-fluoroscopic Mapping System in the Ablation of Atrial Fibrillation



Linear Atrial Lesions Should Always Be Performed in Addition

to Circumferential Pulmonary Vein Isolation

D. SHAH, H. BURRI, H. SUNTHORN, P. GENTIL-BARON

Linear lesions are the equivalent of surgical atriotomies created by percuta-
neous catheter ablation, but in electrophysiological terms should be consid-
ered complete only if they create complete conduction block across two fixed
or anatomic obstacles. Linear lesions increase the activation time of the atri-
um by enforcing a detour depending upon the site of impulse origin. By
changing the sequence of activation of the atria they may alter electro-
mechanical feedback. Depending upon the type and number of lesion(s)
deployed, linear lesions can also debulk the atria. Theoretically, complete lin-
ear lesions should be the least pro-arrhythmic means of achieving debulk-
ing. They may also eliminate areas of slow conduction and affect the sub-
strate of atrial fibrillation by modifying pivot points. If the linear lesions are
incomplete, they may produce conduction delay and contribute to arrhyth-
mogenicity.

Pulmonary vein isolation or encircling has been shown to be effective in
eliminating atrial fibrillation in many patients. However, success rates for the
elimination of persistent or permanent atrial fibrillation are consistently
lower. In particular, circular mapping-guided percutaneous pulmonary vein
isolation with radiofrequency (RF) energy and surgical open heart cryoabla-
tion have both led to disappointing initial results and high recurrence rates.
Adjunctive linear left atrial lesions may improve results of curative ablation
of persistent and permanent atrial fibrillation (AF).

In order to evaluate the mechanism of linear lesions and their effective-
ness, we prospectively studied consecutive patients undergoing catheter
ablation for drug-resistant and symptomatic atrial fibrillation. In view of the

Hôpital Cantonal Universitaire de Genève, Geneva, Switzerland



effectiveness of pulmonary vein isolation alone in patients with paroxysmal
atrial fibrillation, adjunctive linear lesions were delivered only in patients
with persistent or permanent atrial fibrillation.

Methods

Circular mapping-guided pulmonary vein (PV) isolation was performed fol-
lowed when necessary by one or two linear lesions in the left atrium (LA)
with irrigated-tip RF ablation (35–40 W max. for PVs, 45 W max. for linear
lesions). Linear lesions were deployed from the left PV ostia to the postero-
lateral mitral annulus, and from the left to the right PV ostia guided by elec-
troanatomic mapping. Their electrophysiology (EP) was assessed after abla-
tion by complete electroanatomic mapping of the LA during distal coronary
sinus  pacing and correlated with rhythm outcome.

Results

Thirty-nine patients with persistent or permanent atrial fibrillation (5 with
structural heart disease; 4 female patients; age 57 ± 10 years) underwent
isolation of all PVs (n = 155). Cavotricuspid isthmus ablation was per-
formed in 7 and linear LA ablation in 28 patients. The lesion from the left PV
to the mitral annulus (27 ± 8 mm length, 14 ± 7 min RF) was incomplete
in 14/28, with marked slow conduction in 5. The lesion from the left PV to
the right PV (34 ± 10 mm, 11 ± 5 min RF) was incomplete in 9/23, with
marked slow conduction in 3. Seventeen patients underwent reablation for
recurrent atrial fibrillation (n = 10) or new-onset atrial flutter (n = 10). PV
conduction recovery was observed in 12, while narrow channels near PV
ostia acted as critical isthmuses of LA flutter in 8 (including 3 with complete
linear lesions) and were successfully ablated. After a follow-up of 18 ± 8
months (range 6–37), 30/39 (77%) maintained stable sinus rhythm without
anti-arrhythmic treatment. Nine of 12 with PV isolation alone, 9/10 patients
with both linear lesions complete, and 12/17 patients with one or both linear
lesions incomplete were in stable sinus rhythm.

Conclusions

1. Subsets of patients with persistent AF can be cured with PV isolation
alone while others with persistent or permanent AF derive similar benefit
from linear lesions. The challenge facing us is to identify those subsets of
patients who benefit from supplementary linear lesions – such as those
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with extensive LA scarring.
2. Complete conduction block across LA linear lesions does not eliminate

the risk of subsequent LA macroreentry since slowly conducting channels
adjacent to linear lesions or PV ostia can result in LA flutter in spite of
complete conduction block across the linear lesions.
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Systematic Electrical Disconnection of Superior Vena Cava in

Addition to Pulmonary Vein Ablation: Is It Worthwhile?

A. BONSO, S. THEMISTOCLAKIS, A. ROSSILLO, M. BEVILACQUA, A. CORRADO, A. RAVIELE

Introduction

Many reports have focused attention on the pulmonary veins and posterior
wall of the left atrium to explain the physiopathological mechanism of atrial
fibrillation [1–3].

Anatomical observations have shown that sleeves of atrial myocardial tis-
sue extend inside the pulmonary veins even for several centimetres [4] and
they have peculiar electrophysiological properties that can be stimulated
under pathological situations, such as wall stretching, or under neurovegeta-
tive stimulation [5]. In particular, the cells located inside the pulmonary
veins, because of altered automatism or triggered activity [6], can provoke
numerous supraventricular ectopic beats or even bursts of atrial tachycardia
that are able to start paroxysmal atrial fibrillation episodes. Suppression of
these ectopic foci inside the pulmonary veins by means of transcatheter
ablation has provided effective treatment in about 70% of such patients [7].
The ablative techniques used to improve efficacy and safety, and to reduce
the procedure time have simplified the ablative approach. Today, the electri-
cal disconnection of pulmonary veins is carried out by a segmental or cir-
cumferential approach at the AV-junction or with antrum extension. These
techniques have increased the success rate to 80–90% [8–10]. The evolution
of ablative techniques and the extension of treatment to patients with persis-
tent or permanent atrial fibrillation therefore allowed us to analyse the
mechanisms of onset and maintenance of atrial fibrillation. It was observed
that the AV-junction is another important factor in the physiopathology of
atrial fibrillation [11]. Moreover, the electrical isolation of pulmonary veins
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alone loses efficacy progressively when patients with persistent or perma-
nent atrial fibrillation are treated; in these patients, both the substrate and
electrical remodelling probably play important roles [12, 13].

Notwithstanding the different ablative techniques and the growing num-
ber of procedures, therapeutic success without antiarrhythmic treatment is
rarely above 80%.

This is due to several  fundamental reasons:
1. Electrical disconnection of the pulmonary veins is often incomplete, or,

after a disconnection, some veins regain electrical conduction over time
[14, 15].

2. It is possible that evolution of substrate and consequently of electrogenic
disease is responsible for new recurrences.

3. The presence of different arrhythmogenic areas not included in the previ-
ous ablation can be responsible for recurrences of atrial fibrillation [16].
It has been pointed out that the triggers of atrial fibrillation can arise also

from other structures of the atria, such as superior vena cava [17], Marshall
vein [18, 19], coronary sinus [20], christa terminalis, as well as the free walls
of the atria [16]. The superior vena cava has anatomical and electrical charac-
teristics similar to those of the pulmonary veins [21–23] and its involvement
in the genesis of episodes of atrial fibrillation can explain some of the failures
after disconnection of the pulmonary veins alone [24]. It has been shown that
ablation of other, non-pulmonary-vein foci that initiate paroxysmal atrial fib-
rillation episodes is efficient only in 60% of patients [16]. In addition, it
seems that about 6% of cases of paroxysmal atrial fibrillation develop from
ectopic beats starting from the superior vena cava [16, 24]. Disconnection of
the superior vena cava proved successful in treating patients who had
episodes of atrial fibrillation from foci arising from the superior vena cava
[24, 25]. Moreover, recent findings in animals have demonstrated that the iso-
lation of all thoracic veins can prevent episodes of permanent atrial fibrilla-
tion, when effective [26]. In this study, the importance of systematic electrical
disconnection of the superior vena cava together with the disconnection of
pulmonary veins was evaluated, and initial results of this approach vs discon-
nection of only the pulmonary veins are presented.

Study Conditions

From December 2004 to June 2005, 64 consecutive patients (45 males, mean
age 58 ± 12) were treated with atrial fibrillation ablation. The patients were
symptomatic for paroxysmal (28), persistent (20), permanent (16) atrial fib-
rillation and refractory to antiarrhythmic drug therapy. Structural heart dis-
ease  was diagnosed in 61% (39/64) patients; 17 were hypertensive, 17 had
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mitral valvular prolapse, four had ischaemic heart disease, and 1 dilated car-
diomyopathy). LVEF in this group of patients was 54 ± 10 , LAD 44 ± 6
mm. Patients were randomised in two groups: group I (30 patients) under-
went circumferential electrical disconnection of the pulmonary veins and of
the superior vena cava using a technique guided by intracardiac echocardio-
gram phased array. Group II (34 patients) underwent only circumferential
electrical disconnection of the pulmonary veins. The procedure was carried
out with two transeptal punctures. Mapping was done with a Lasso decapo-
lar 2-cm-diameter catheter, while ablation was done using the large-curve 8-
mm catheter (Byosence Webster). Energy was delivered at the AV-junction of
the pulmonary veins with antrum extension according to titration and a
flow-chart guided by microbubbles production, as described by Marrouche
et al. [l0]. The superior vena cava was disconnected at the junction of the
vena cava and right atrium after positioning the mapping Lasso decapolar
catheter, and guided by intracardiac echo. Before each radiofrequency deliv-
ery the ablation area was stimulated to reveal possible involvement of the
right phrenic nerve, in which case no ablation was performed. In case of sud-
den sinus tachycardia during erogation in the juxta-sinus-node area, eroga-
tion was immediately interrupted and the ablating catheter moved to a more
proximal position. In these cases, a partial disconnection of the superior
vena cava was accepted as end-point. Energy was supplied at 50 Watts and
the temperature was 50°C.

The end-point of the procedure was reached with complete disappear-
ance of all sharp potentials at the AV-junction of the pulmonary veins and
superior vena cava, and at the antrum of the pulmonary veins. All patients
were in wash-out of antiarrhythmic drugs before the procedure and had
undergone anticoagulant therapy for at least 1 month, Transoesophageal
echo was done immediately before the procedure.

Follow-Up

Patients were discharged without antiarrhythmic therapy but they were pro-
vided with anticoagulant therapy for at least 3 months after the procedure.
Antiarrhythmic therapy was administered only to those patients with many
recurrences and, when necessary, within 2 months after ablation. Therapy
was withdrawn after 2 months if effective. All patients received Holter moni-
toring before discharge for a week, had a routine follow-up visit and under-
went further Holter monitoring at 1, 3, 6 and every 6 months. ECG and
Holter monitoring were carried out at any other time if symptoms recurred.
CT scan was performed at 3 months. Success was defined as total absence of
recurrences of atrial fibrillation or atrial tachycardia/flutter.
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Preliminary Results

All pulmonary veins were disconnected in the two study groups. The superi-
or vena cava was not completely disconnected in 40% (12/30) of patients
because of phrenic nerve stimulation. The mean time of the procedure for
disconnecting the pulmonary veins in the two groups was 4. 05 ± 0.31 h.
The mean procedure time for the vena cava disconnection was 25 ± 10
min. No lesions of the phrenic nerve were detected during the procedure and
no other complications were found.

Follow-Up

The mean follow-up thus far is 3 ± 3 months. .At this writing, follow-up is
incomplete and the patients are not evenly distributed between the two
groups; nonetheless, early recurrence has been observed in the two groups:
30% (10/30) in group I and 38% (13/34) in group II. If we consider only the
few patients with complete disconnection of the superior vena cava the rate
of early recurrence is 22% (4/18) and 50% (6/12), respectively.

Conclusions

Although final results are not yet available, it is interesting to note that
patients who had complete disconnection of the superior vena cava have had
a good initial follow-up. However, these preliminary results must be con-
firmed by studies that include a larger number of patients and a longer fol-
low-up time.
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What Is the Outcome of Atrial Fibrillation Ablation in Patients

with Left Ventricular Dysfunction?

L.-F. HSU1, P. SANDERS2, M. HOCINI2, F. SACHER2, M. ROTTER2, Y. TAKAHASHI2,
T. ROSTOCK2, C. SCAVÉE2, M. HAÏSSAGUERRE2, P. JAÏS2

Introduction

Atrial fibrillation (AF) and congestive heart failure (CHF) are closely related
conditions. While CHF promotes the development of AF, the presence of AF
may exacerbate or, in some cases, cause left ventricular (LV) dysfunction,
with symptoms of CHF as a consequence [1, 2]. In addition, each disease
adversely affects the prognosis of the other [3, 4].

Cardiomyopathy due to rapid uncontrolled ventricular response has been
implicated as the main mechanism by which AF results in LV dysfunction
[5]. However, in the absence of a rapid ventricular rate during AF, LV dys-
function can still occur as a result of impaired atrial contractile function,
loss of atrioventricular synchrony, or an irregular ventricular rhythm [58].

Rhythm vs Rate Control for AF in Heart Failure

The most effective strategy to prevent or reverse LV dysfunction associated
with AF is the restoration and maintenance of sinus rhythm. However, to
achieve this with the use of antiarrhythmic drugs is extremely challenging,
owing to the limited efficacy and potentially deleterious effects of these
drugs [9]. This has led to renewed interest in rate control, stimulated by
reports from large randomised studies, especially the Atrial Fibrillation
Follow-up Investigation of Rhythm Management (AFFIRM) and Rate
Control versus Electrical Cardioversion (RACE) trials, suggesting a compara-
ble outcome for strategies involving pharmacological rhythm or rate control

1National Heart Centre, Singapore; 2Hôpital Cardiologique du Haut-Lévêque, Bordeaux-
Pessac, France



[10-12]. However, recent evidence from these two studies not only confirmed
the adverse prognostic effects of CHF, but also highlighted the potential ben-
efits of sinus rhythm. In a recently reported substudy of the AFFIRM trial,
restoration and maintenance of sinus rhythm was associated with a 47%
reduction in mortality risk, while the use of antiarrhythmic drugs and the
presence of CHF significantly increased the risk of death by 49% and 57%,
respectively [13]. In a separate substudy, the RACE investigators also demon-
strated that, although pharmacological rate control could prevent deteriora-
tion of LV function, restoration and maintenance of sinus rhythm were asso-
ciated with improvement of LV function [14].

In patients with LV dysfunction, modest improvements in LV ejection
fraction (LVEF) and fractional shortening can be achieved nonpharmacolog-
ically using the clinically proven and effective ‘ablate and pace’ strategy [15
17]. However, while it provides effective ventricular rate control and rhythm
regularisation, it does not restore atrial contraction or atrioventricular or
interventricular synchrony. In addition, the benefit of rhythm regularisation
can be negated by the adverse haemodynamic effects of right ventricular
(RV) pacing, which is commonly used in such patients. The use of LV or
biventricular pacing, associated with a more favourable haemodynamic pro-
file, may avoid this problem, although present evidence is inconclusive [18,
19]. Finally, long-term pacemaker dependence is also an important consider-
ation for this strategy.

Catheter Ablation of AF in Heart Failure

The advent of catheter ablation as an effective therapy for AF resistant to
pharmacologic rhythm or rate control has provided a viable strategy to
restore and maintain sinus rhythm without the use of antiarrhythmic drugs.
With current techniques and technology, long-term sinus rhythm can be
restored in up to 90% of patients with paroxysmal AF, usually without the
need for antiarrhythmic drugs [20]; however, ablation of permanent AF
remains more difficult, often requiring extensive atrial ablation and multiple
procedures.

Maintenance of Sinus Rhythm

Currently available results of patients with CHF who have undergone
catheter ablation for AF are summarised in Table 1. A large proportion of
these patients have permanent AF of significant duration (average of approx-
imately 7 years) and other structural heart disease. In the two published
studies, a significant number required multiple ablation procedures (27%
and 50%, respectively) [21, 22]. Nonetheless, catheter ablation has been
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demonstrated to be feasible in these patients and is associated with a good
success rate for sinus rhythm maintenance, ranging from 68% to 96%, mostly
without use of antiarrhythmic drugs [21–25].

225What Is the Outcome of Atrial Fibrillation Ablation in Patients with Left Ventricular Dysfunction?

Ta
bl

e 
1.

Su
m

m
ar

y 
of

re
su

lts
 o

fa
tr

ia
l f

ib
ri

lla
ti

on
 (A

F)
 a

bl
at

io
n 

in
 p

at
ie

nt
s 

w
it

h 
co

ng
es

ti
ve

 h
ea

rt
 fa

ilu
re

 (C
H

F)
 

Pa
ti

en
ts

Pe
rm

an
en

t 
D

ur
at

io
n 

of
R

ep
ea

t 
Si

nu
s 

Pr
e-

ab
la

ti
on

Po
st

-a
bl

at
io

n
(n

)
A

F
A

F 
(y

ea
rs

)
ab

la
ti

on
rh

yt
hm

LV
EF

 (%
)

LV
EF

 (%
)

C
he

n/
N

at
al

e 
(C

le
ve

la
nd

 C
lin

ic
) [

21
]

94
55

 (5
6%

)
6 

±
2

21
 (2

2%
)

90
 (9

6%
)

36
 ±

7
41

 ±
6

H
su

/J
aï

s/
H

aÏ
ss

ag
ue

re
 (B

or
de

au
x)

 [2
2]

58
53

 (9
1%

)
7 

±
4

29
 (5

0%
)

45
 (7

8%
)

35
 ±

7
56

 ±
13

Pa
pp

on
e 

et
 a

l.
(M

ila
n)

 [2
3]

95
N

A
6 

±
3

N
A

77
 (8

1%
)

31
 ±

9
44

 ±
6

C
ha

/P
ac

ke
r 

(M
ay

o 
C

lin
ic

) [
24

]
19

7 
(3

7%
)

7 
±

5
N

A
13

 (6
8%

)
34

 ±
6

51
 ±

7

G
en

tle
sk

 /M
ar

ch
lin

sk
i (

Pe
nn

sy
lv

an
ia

) [
25

]
53

17
 (3

2%
)

N
A

N
A

48
 (9

0%
)

42
 ±

8
57

 ±
8

LV
EF

Le
ft

 v
en

tr
ic

ul
ar

 e
je

ct
io

n 
fr

ac
ti

on
,N

A
da

ta
 n

ot
 a

va
ila

bl
e



These results have also been achieved with an acceptable safety profile. In
the two published studies, significant pulmonary vein (PV) stenosis was lim-
ited to < 1%, cardiac tamponade ~2%, and stroke ~2% [21, 22], results com-
parable to patients without CHF or structural heart disease [20]. An addi-
tional complication in CHF was the development of pulmonary oedema dur-
ing the procedure, observed in one patient in the study by Chen et al. [21],
and in two of our patients. These patients were treated for their acute
decompensation, and AF was successfully ablated in a subsequent procedure.

Symptoms and Quality of Life

In patients without CHF, catheter ablation of AF has been demonstrated to
improve symptoms and quality of life [26]. Similarly, these findings have
been observed in CHF patients. CHF symptoms improved by approximately
one NYHA class after ablation (Hsu et al. [22], from 2.3 to 1.5; Pappone et al.
[23], from 2.8 to 1.6; and Cha et al. [24], from 2.3 to 1.5), while arrhythmia-
related symptoms, as assessed by the Symptom Checklist-Frequency and
Severity scores, also improved significantly [22]. Overall quality of life,
assessed with the 36-item Short Form General Health Survey (SF-36) ques-
tionnaire, also improved significantly in all scales [21-23]. Among our
patients, the summary scores for the physical and mental components
increased by an average of 24 and 21 points, respectively [22].

Left Ventricular Function

An improvement in LV function after ablation has been demonstrated in all
five studies currently available (Table 1), with mean improvements in LVEF
ranging from 5% to 21% [21-25]. Importantly, Gentlesk et al. demonstrated a
‘normalisation of LVEF’ to > 55% in 87% of patients in their series [25],
while 72% of our patients demonstrated a ‘marked improvement of LVEF,’
defined as an increase of ≥ 20% or to ≥ 55% [22].

Concurrently, LV dilatation was reduced significantly. Among our
patients, LV end-systolic diameter was reduced by 6 ± 6 mm while end-sys-
tolic diameter was reduced by 8 ± 7 mm. Not surprisingly, recurrence of
arrhythmia despite the use of antiarrhythmic drugs negatively affected the
recovery of LVEF. However, LV function was still significantly improved in
four of 12 patients with recurrent AF, as ablation had converted permanent
AF to paroxysmal AF [22]. In addition, two of our three patients being con-
sidered for heart transplant improved sufficiently after ablation to merit
removal from the active transplant list.
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Effect of Coexisting Heart Disease

The presence of concurrent structural heart disease (ischaemic, valvular,
hypertensive, or hypertrophic cardiomyopathy) did not significantly affect
the outcome of ablation. Among our patients, sinus rhythm was maintained
in 73% of patients with structural heart disease (66% without antiarrhyth-
mic therapy) compared to 81% (73% without drugs) in patients without
coexisting heart disease. Similarly, LVEF improved significantly in these
patients by 16 ± 14% [22]. These findings were also observed in the series
by Chen et al. [21].

Effect of Ventricular Rate Control

Effective ventricular rate control in AF using pharmacological measures or
the ‘ablate and pace’ strategy have been demonstrated to improve LV dys-
function [5]. However, even in patients with adequate ventricular rate con-
trol, restoration and maintenance of sinus rhythm after catheter ablation
resulted in further improvement of LVEF. Among our patients, LVEF
increased by 17 ± 15% in those with good pre-ablation rate control (defined
as mean ventricular rate < 80 beats/min at rest) [22]. Similarly, among 17
patients with persistent/permanent AF in Gentlesk’s series, 10 had rate con-
trol < 90 beats/min at rest [25], while most of the pat ients w ith
persistent/permanent AF in Chen’s series were already well rate-controlled
before ablation [21].

This finding could indicate that the degree of rate control was overesti-
mated or, more likely, that the irregularity of the rhythm as well as the loss of
atrial contractility and atrioventricular synchrony contributed to the LV dys-
function. Thus, restoration of sinus rhythm should be expected to confer
additional haemodynamic benefits compared with pharmacological rate
control.

Implications

Though the individual studies are small, their results have been remarkably
consistent and challenge the notion that rate control is as good as rhythm
control, especially in patients with CHF. A recent study evaluating an aggres-
sive pharmacological rhythm-control strategy, utilising external or internal
cardioversion and treatment with amiodarone, demonstrated long-term ben-
efits in patients with advanced CHF [27]. Among 74 patients in this study,
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sinus rhythm was maintained in 70% and 55% at 1 and 3 years, respectively.
LVEF was significantly improved, from 28 ± 7% at baseline to 38 ± 11%
and 35 ± 12% at 1 and 3 years, while NYHA class significantly improved
from 2.7 to 2.1 and 2.0, respectively. In addition, three patients were removed
from the active heart transplant list due to marked clinical improvement.

While these observations are striking, it should be noted that sinus
rhythm was maintained with high-dose amiodarone. A further issue not
addressed in present drug or catheter ablation studies is the mortality bene-
fit of restoring and maintaining sinus rhythm in patients with CHF, although
several randomised trials have alluded to improved survival among patients
with CHF and AF who reverted to sinus rhythm [13]. Presently a large multi-
centre study, the Atrial Fibrillation and Congestive Heart Failure (AF-CHF)
trial, is being conducted to evaluate whether the benefits of sinus rhythm in
CHF patients are sufficiently great to offset the risks of antiarrhythmic drug
therapy.

Conclusions

Present evidence indicates that patients with CHF and AF may benefit from
restoration and maintenance of sinus rhythm, if it can be achieved without
the adverse effects of treatment. Further improvements are needed to make
catheter ablation of AF easier and safer, in order to increase its availability
outside experienced centres [28]. Nonetheless, curative ablation offers the
unique opportunity to maintain sinus rhythm without the use of potentially
harmful antiarrhythmic drugs, resulting in significant improvements in car-
diac function, symptoms and quality of life.
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Complications of Atrial Fibrillation Ablation: How to Prevent

and Manage Cerebrovascular Accidents

A. ROSSILLO, A. BONSO, S. THEMISTOCLAKIS, A. CORRADO, B. DE PICCOLI, A. RAVIELE

Introduction

Atrial fibrillation is a common arrhythmia associated with significant mor-
bidity and mortality. This arrhythmia increases the risk of ischaemic stroke,
probably due to an atrioembolic mechanism. Without anti-thrombotic thera-
py, the incidence of this complication varies from fewer than 2 to more than
10 strokes per 100 patient-years [1, 2].

Warfarin substantially decreases the risk of stroke in patients with non-
valvular atrial fibrillation (AF) by about 60% but increases the risk of major
bleeding to about 1% per year [3–8]. Recently, many authors have had a high
success rate in treating AF by means of radiofrequency catheter ablation and
electrical isolation of the pulmonary veins [9–11]. However, the role of anti-
coagulation therapy in preventing atrioembolic stroke after such a proce-
dure is still unclear. Thus, quantifying the efficacy of AF ablation in prevent-
ing cerebrovascular accident is crucial to determining whether oral anticoag-
ulation therapy may be safely stopped or not after radiofrequency catheter
ablation of AF, and perhaps which patients should continue it.

In the present study we evaluate the incidence of ischaemic stroke after
the interruption of oral anticoagulation therapy after 3 months in patients in
whom an intracardiac echocardiography-guided pulmonary vein antrum
isolation procedure had been performed.

Division of Cardiology, Cardiovascular Department, Umberto I Hospital, Mestre-
Venice, Italy 



Methods

Patients

Between September 2002 and May 2004, 109 consecutive patients were
referred to our institution for ablation of symptomatic drug-refractory AF.
All patients gave their written informed consent for the procedure. Patients’
characteristics are shown in Table 1. Amiodarone treatment was discontin-
ued at least 3 months before the procedure. The other anti-arrhythmic drugs
were discontinued at least five half-lives before ablation.

Oral anticoagulation therapy was started 1 month before the procedure
in all patients.

Paroxysmal AF was defined as self-terminating episodes lasting less than 7
days. Persistent AF was defined as when AF episodes lasted longer than 7 days
and when pharmacological or electrical cardioversion were necessary to
restore sinus rhythm. AF episodes failing to respond to cardioversion or for
which no cardioversion attempt was made were classified as permanent AF.

Procedure Description

Patients came to the electrophysiology laboratory fasting. Immediately prior
to the procedure, trans-oesophageal echocardiography was performed in all
cases to exclude the presence of left atrial thrombi. A 20-polar catheter (St.
Jude Medical DAIG Division, Minnetonka, Minn., USA) was inserted into the
coronary sinus from the right internal jugular vein. The proximal electrodes
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Table 1. Demographic characteristics of study population

All patients
(n = 109)

Age, years (mean ± SD) 58.0 ± 10.0

Male sex, n (%) 84 (77)

AF duration, years (mean, range) 8, 1–24

Left atrial size, cm (mean ± SD) 4.4 ± 0.6

Left ventricular ejection fraction (%) 58 ± 6

Structural heart disease, n (%) 73 (67)

Paroxysmal AF, n (%) 40 (36.7)

Persistent AF, n (%) 48 (44.0)

Permanent AF, n (%) 21 (19.3)



were positioned between the superior vena cava and the high crista termi-
nalis, while the distal electrodes were placed laterally in the coronary sinus.
A trans-oesophageal recording lead was used to record activation of the left
atrial posterior wall and to define the position of the oesophagus. A 10-Fr
phase array intracardiac echocardiography (ICE) catheter (Acunav Division,
Acuson Inc., USA) was introduced into the right atrium from the left femoral
vein.

Mapping of the left atrium and pulmonary veins was carried out after
approaching the left atrium via the trans-septal puncture. The trans-septal
sheaths were connected to continuous infusion of heparinised solution
throughout the procedure.

Isolation of the pulmonary veins was performed using ICE to define the
pulmonary vein ostium and to titrate the power. A decapolar circular
catheter (Lasso-Biosense Webster, Diamond Bar, Calif., USA) was placed at
the pulmonary vein–left atrium antrum as determined by ICE, where abla-
tion was performed with an 8-mm tip catheter (Biosense-Webster, Diamond
Bar) with power titration guided by the formation of microbubbles.
According to Marrouche et al. [11], the delivery of radiofrequency energy is
controlled by progressively increasing the power (watts) until scattered
microbubbles are observed by ICE. When type I bubbles were seen, energy
was immediately titrated downward by 5- W decrements until the microbub-
bles subsided. Energy delivery was also discontinued if microbubble genera-
tion did not settle, as this  was considered to be an early manifestation of tis-
sue overheating. Energy delivery was immediately interrupted if a brisk
shower of microbubbles was observed in the left atrium cavity, although an
effort was made to avoid this phenomenon. The decapolar circular catheter
was placed at the superior vena cava–right atrium junction as defined by
ICE, and ablation was performed in a temperature-controlled mode.

Anticoagulation Protocols

Anticoagulation therapy with intravenous heparin infusion was restarted
after the first trans-septal puncture with a 10 000 IU intravenous bolus plus
continuous infusion at a rate of 1000 IU/h. A second bolus of 5000 IU was
repeated after the second puncture.

Activated clotting time was maintained at about 350–400 s throughout
the entire procedure.

Follow-Up

At the end of the procedure a single dose of aspirin 325 mg was adminis-
tered orally. All patients were discharged on oral anticoagulation therapy
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with warfarin, with the dose adjusted to reach a INR value between 2 and 3.
Follow-up and Holter monitoring was scheduled at 1, 3, 6, and 12 months
after ablation.

A trans-oesophageal echocardiographic evaluation was performed in all
patients at 3 months’ follow-up. A spiral computed tomogram (CT) of the pul-
monary veins was obtained within 3 months after the procedure. If any pul-
monary vein narrowing was detected at the first examination, CT was repeat-
ed at 6 and 12 months to evaluate progression of the lesion. CT was also per-
formed as a diagnostic test whenever symptoms compatible with pulmonary
vein stenosis developed. Pulmonary vein stenosis was defined as mild if less
than 50% luminal narrowing was evident, moderate if it was between 50%
and 69%, and severe if it was 70%  or more. Patients with severe stenosis
were referred for pulmonary vein angiography and angioplasty.

After 3 months, anticoagulation treatment was stopped in all patients
except in cases where one of the following conditions was observed: (1)
patients experienced recurrence of AF between 6 and 12 weeks after the pro-
cedure; (2) more than 60% narrowing of the treated pulmonary vein was
demonstrated by spiral CT performed 3 months after ablation; (3) non-opti-
mal atrial contractility was shown by echocardiography, or (4) other indica-
tions for oral anticoagulation therapy were present. In the case of recurrence
of symptoms, event recorder monitoring was performed. The occurrence of
AF during the first 6 weeks after ablation was not considered predictive of
late recurrence and did not necessarily indicate continuation of oral antico-
agulation therapy after 3 months follow-up.

Control Group

As control, we evaluated all the published data on patients with AF treated
with oral anticoagulation therapy to prevent cerebrovascular accidents.

Statistical Analysis

Continuous variables were expressed as mean ± SD. Continuous variables
were compared by Student’s t test. Differences among groups of continuous
variables were determined by analysis of variance (ANOVA). Categorical
variables were compared by χ2 analysis or using Fisher’s exact test. A P value
below < 0.05 was taken to indicate statistical significance.

Results

All four pulmonary veins were disconnected in all patients. In addition, com-
plete electrical isolation of the superior vena cava was achieved in 95
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patients (87%). In the other 14 patients this was not possible because of
stimulation of the phrenic nerve or the presence of the sinus node on the
ablation site. During the procedure a stroke occurred in a 74-year-old
woman with a history of transient ischaemic attack and permanent AF after
electrical cardioversion at the end of the ablation (0.9%).

After 15 ± 7 months’ follow-up, 90 of 109 patients (82.5%) were in stable
sinus rhythm. A previously ineffective anti-arrhythmic drug was necessary
to maintain sinus rhythm in 16 of 109 patients (14.5%). Trans-oesophageal
echocardiography showed good atrial contractility in all patients with stable
sinus rhythm.

During the follow-up period, no pulmonary vein narrowing greater than
60% was detected by CT, and in only two patients was a pulmonary vein
stenosis between 50% and 60%  present(1.8%). No perfusion defects were
documented by quantitative pulmonary V/Q scans. All patients with mild or
moderate pulmonary vein stenosis were asymptomatic.

An iatrogenic post-AF-ablation left atrial flutter/tachycardia was docu-
mented in 7 patients (6.4%).

The risk factors for stroke are shown in Table 2. Oral anticoagulation
therapy was stopped after 3 months in 73 patients (68%) and no cerebrovas-
cular accidents occurred during the remaining follow up.
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Table 2. Stroke risk factors

All patients
(n = 109)
n %

Low risk 
(age < 65 years old, no hypertension, no diabetes,
no CHF or previous cerebrovascular accidents) 41 37.6

Medium risk
(age > 65 years old, no hypertension, no diabetes,
no CHF or previous cerebrovascular accidents) 13 11.9

High risk
(age > 65 years old, hypertension, diabetes,
CHF or previous cerebrovascular accidents) 55 50.5

CHF congestive heart failure



Discussion

The main finding of the present study is that ICE-guided pulmonary vein
antrum isolation seems to prevent cerebrovascular accidents in patients
with symptomatic drug-refractory AF who are not receiving anticoagula-
tion therapy.

Anticoagulant Prophylaxis Against Stroke After Pulmonary Vein Antrum Isolation

In the published literature the rate of cerebrovascular accident in patients
with AF who are on warfarin therapy ranges between 1.6% and 4.8% [12]. The
consumption of warfarin is associated with an increased risk of major bleed-
ing, especially in subjects older than 85 years old [13, 14]. In the last 10 years
various authors have tried to identify the clinical characteristics of patients
who derive greater benefit from anticoagulant therapy [15–20]. Age greater
than 65 years old and/or a history of hypertension, diabetes, congestive heart
failure, or previous cerebrovascular event have been identified as increasing
the risk of transient ischaemic attack or stroke in patients with AF.

Our data show a very low incidence of cerebrovascular accident in the
medium-term follow-up after pulmonary vein antrum isolation. The cere-
brovascular accident risk in our study population, according to the Stroke
Prevention in Atrial Fibrillation (SPAF) trial criteria was high in 31 of 73
(43%), medium in 10 of 73 (13%), and low 32 of 73 (44%) of cases. These
data are slightly different from the thromboembolic risk pattern shown in
the SPAF trial. Our patients were younger and had a lower incidence of pre-
vious thromboembolic events. However, this was compensated by a higher
percentage of permanent AF and a longer duration of the arrhythmia in our
patients.

The lower risk profile of our patient population is clearly due to the policy
on indication policy for pulmonary vein antrum isolation in our electrophysi-
ology laboratory. We try to perform ablation in very high risk patients only if
they are highly symptomatic. Moreover, it is well known that these classifica-
tion schemes are variably effective in predicting stroke risk [21].

Even if we consider only the published data on patients with low risk of
cerebrovascular accident, our data showed a reduction of stroke incidence
(0% vs 1.1–2%) [17].

It is well known that restoring sinus rhythm with electrical cardioversion
causes stunning of the left atrial appendage, and some authors have identi-
fied left atrial appendage stunning as a marker of future embolic events. As
previously reported, we consider  the presence of a higher peak velocity and
prolonged duration of early diastolic (E+E1) and end-diastolic (A+A1) left
appendage flow at trans-oesophageal echocardiography as a sign of better
contractility and a mark of lower risk of stroke during the follow-up [22]. On

236 A. Rossillo et al.



the basis of these parameters we interrupted anticoagulation therapy at 3
months’ follow-up in all patients in sinus rhythm with good contractility and
no severe stenosis detected by spiral CT.

We also observed in our series a significant reduction of acute major
bleeding and the absence of haematoma, pericardial effusion, or the need for
transfusion during follow-up. It is known that in clinical trials warfarin
increased the risk of major bleeding, and outside the trial this risk was
greater depending on how the warfarin therapy was monitored and on the
risk of haemorrhage [23].

Pulmonary Vein Antrum Isolation Results

Another important finding of our study is that ICE-guided pulmonary vein
antrum isolation is a safe and effective treatment for AF. Our success rate
was high (82.5%) and our complication rate was low in terms of the data pre-
viously reported by Marrouche et al. [11]. In our series we did not observe
any severe pulmonary vein stenosis.

We had only one case of an embolic complication which occurred at the
end of the ablation procedure in a 74-year-old woman with a history of tran-
sient ischaemic attack after electrical cardioversion. We hypothesised that
this complication was due to the use of a larger trans-septal sheath (8.5 Fr).
After this event we changed to 8-Fr trans-septal sheaths and saw no further
embolic complications.

In 7 patients an iatrogenic post-AF-ablation atrial tachycardia/flutter was
documented. This is similar to the data previously published by other
groups.

Study Limitation

This is a retrospective analysis of consecutive patients. The lack of a matched
control group may have affected the results. However, we consider our study
to be a pilot and its aim was to evaluate two different therapeutic approach-
es. Of course, further randomised studies are needed to establish the safety
of interrupting oral anticoagulation therapy after radiofrequency catheter
ablation of AF in all patients.

Conclusions

ICE-guided pulmonary vein antrum isolation seems to prevent cerebrovas-
cular accidents in patients with symptomatic drug-refractory AF who are not
receiving anticoagulation therapy. ICE-guided pulmonary vein antrum isola-
tion is an effective and safe treatment for AF.
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Pulmonary Vein Stenosis After Catheter Ablation of Atrial

Fibrillation

E.B. SAAD

Introduction

Catheter ablation around the pulmonary veins (PVs) has become the treat-
ment of choice for symptomatic patients with atrial fibrillation (AF) who do
not respond to pharmacological therapy [1–6]. Over the past few years, a
variety of strategies have been developed to achieve cure of AF [7–16]. PV
stenosis is a known potential complication of radiofrequency ablation (RF)
around the PVs [17–24] and its recognition is important to avoid unneces-
sary workup and to initiate appropriate treatment.

Incidence and Clinical Manifestations

The incidence of PV stenosis following AF ablation has been variably
reported, ranging from 0% to 42% depending on the ablative technique
used and the method of assessment [7, 10, 20, 25, 26]. The latter number
probably represents and overestimation since transoesophageal echocardio-
graphy (TEE) instead of an anatomical imaging modality was used to estab-
lish the diagnosis.

Several factors contribute to an increased risk of developing PV stenosis,
such as RF delivery inside the PVs, increasing power and temperature set-
tings, and a ‘learning curve’ effect [24, 27]. Recent reports have shown a
trend towards a decreasing incidence of PV stenosis mainly due to limiting
RF delivery at or outside the orifice of the veins, power titration based on
monitoring of tissue effects of RF (as with microbubble formation on intrac-
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ardiac echocardiography) and increasing operator experience [10, 27]. In
centres with a high volume of AF procedures, PV stenosis is becoming a ‘dis-
ease in extinction.’ However, with the widespread application of AF ablation
in the electrophysiologic community more procedures are being performed
by less experienced operators, increasing the chances that the incidence of
PV stenosis will actually increase. In fact, a recently presented review of the
European experience with AF ablation detected up to 20% of patients devel-
oping PV stenosis in centres performing less than 50 procedures.

Physicians in general should thus be ready to work up patients with
symptoms developing after an ablation procedure. However, PV stenosis
after RF ablation is frequently asymptomatic, especially when a mild or
moderate degree of stenosis is present or a single vein is involved [21, 22].
Most important is the fact that, when present, symptoms appear to be largely
respiratory in origin [23], usually developing between the first and fourth
month after the index procedure. The spectrum of symptoms range from
persistent cough and pleuritic chest pain to more dramatic presentations,
such as haemoptysis and severe exertional dyspnoea (Table 1). The severity
of symptoms may be related not only to the degree of stenosis but also to the
number of PVs with stenosis, with almost all patients with ≥ 2 PVs with
severe stenosis being symptomatic (Fig. 1). However, given the non-specific
nature of these symptoms and the frequent association with radiological evi-
dence of lung consolidation, it is not surprising that many patients are ini-
tially treated for other common conditions, such as pneumonia (Fig. 2) and
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Table 1. Clinical presentation and CT findings in patients with severe pulmonary vein
(PV) stenosis 

Patients (n = 21) n (%)

Clinical presentation
Cough 8 (38.1)
Dyspnoea 11 (52.4)
Pleuritic chest pain 6 (28.6)
Haemoptysis 5 (23.8)
Asymptomatic 8 (38.1)

Spiral CT: > 70% PV stenosis (n = occluded PVs)
LSPV 14 (6)
LIPV 15 (7)
RSPV 4 (1)
RIPV 3 (1)

LSPV Left superior PV, LIPV left inferior PV, RSPV right superior PV, RIPV right inferior
PV



pulmonary embolism, before the correct diagnosis is made [21, 23, 28].
Indeed, we published a series of 18 patients developing severe PV stenosis
after AF ablation who were followed by their primary-care physicians, and in
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Fig. 1. Correlation between the presence of respiratory symptoms and number of pul-
monary veins (PVs) with severe stenosis. While less than 1/3 of patients with single-ves-
sel stenosis have symptoms, the majority of patients with more than one PV involved
are symptomatic. Pulmonary arterial hypertension is rare and can be documented only
in patients with multi-vessel involvement

Fig. 2. CT scan of a patient with pulmonary consolidation initially attributed to pneumo-
nia. There is a clear lung infiltrate in the periphery of the left lung (arrows). The patient
did not respond to several antimicrobial regimens and was subsequently diagnosed
with PV stenosis



all patients PV stenosis was not considered in the differential diagnosis [21].
Misdiagnoses lead to improper diagnostic and therapeutic procedures, such
as prolonged antibiotic treatment (5 patients), treatment for possible asth-
matic syndrome and bronchitis (3 patients), placement of a vena cava filter
(1 patient), and lung resection surgery (1 patient). Therefore, if a high degree
of alertness and awareness is not present, this diagnosis can remain
unknown.

Diagnostic Methods and Therapeutic Interventions

Strong suspicion is required to promptly diagnose PV stenosis, not only
because it can mimic more prevalent respiratory and cardiovascular syn-
dromes but also because diagnostic tests can be misleading, as we and others
previously described [21–23, 28]. A number of imaging modalities have been
used in the evaluation of PV stenosis. CT scanning is probably the most
helpful since it can reliably identify the location and extension of the lesions
(Fig. 3), while providing assessment of concomitant lung (e.g. consolidation
or haemorrhage), mediastinal, and hilar (e.g. enlarged nodes) abnormalities

244 E.B. Saad

Fig. 3. Spiral CT scan at the level of the inferior PVs demonstrating a severe narrowing
(arrow) of the proximal portion of the left inferior PV (LIPV). This location probably
indicates that radiofrequency (RF) lesions were in fact placed inside the vein. RIPV
Right inferior PV, LA left atrium



(Fig. 2). The only caveat is that some vessels that appear totally occluded on
CT scanning are in fact patent when evaluated by PV angiography [29], the
gold-standard diagnostic modality. Magnetic resonance angiography can
also be performed with comparable results and has the advantage of avoid-
ing iodine contrast injection [30–33].

Echocardiography has also been used to detect and predict the develop-
ment of PV stenosis. TEE can provide accurate views of the superior PVs,
and increased flow velocity on Doppler has been used as a surrogate for
decreased luminal diameter. However, experience with intracardiac echocar-
diography (ICE) has demonstrated that even vessels with markedly increased
flow velocities may not show significant stenosis when evaluated by CT or
angiography [34]. As such, we believe that significant overestimation of the
degree of stenosis may occur with an echo-based assessment.

Ventilation/perfusion (V/Q) scanning is a simple and accurate method to
detect and evaluate the haemodynamic consequences of PV stenosis, the
most common finding being a segmental perfusion abnormality in the pres-
ence of normal ventilation (similar to findings seen in pulmonary arterial
embolism). In our experience, perfusion defects occur mainly when the
degree of PV luminal narrowing is ≥ 70% [22], indicating that mild and
moderate degrees of narrowing have minimal, if any, consequence on the
physiology of the pulmonary circulation. Severe PV stenosis, in contrast, is
associated with significant reduction in the pulmonary flow, which is only
partially reversible even after successful treatment with PV dilatation. In our
series evaluating 18 patients with severe PV stenosis, average pulmonary
flow to the left lung increased from 11.7 ± 10.2% to 22.3 ± 10.8% after PV
intervention [21].

Percutaneous PV dilatation is currently the treatment of choice for
patients with symptoms attributable to severe PV stenosis, and it is associat-
ed with significant improvement in pressure gradients, venous diameter,
lung perfusion, and symptoms [23, 29]. In a recent study involving 19
patients undergoing interventional procedures in 30 PVs, functional classifi-
cation improved dramatically from a mean NYHA score of 3.1 to 1.7, with
most patients able to perform their usual activities with no or only minimal
limitation [29]. Unfortunately, the short-term results are not maintained,
with approximately 50% of patients developing restenosis and necessitating
repeat interventions [23, 29]. PV stenting does not appear to provide better
results than simple balloon dilatation, at least when bare-metal stents are
used. Currently, there is no published experience regarding the use of drug-
coated stents, but better results are expected based on their successful use in
the coronary arteries and in saphenous vein grafts.
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Prognosis and Importance of Preventive Strategies

Progression of PV stenosis beyond the third month after ablation is rare but
can occur in up to 10% of patients [22], indicating the need to repeat imag-
ing evaluation every 3–6 months or if symptoms develop or worsen. More
commonly, the degree of narrowing remains stable or improves (up to 30%
of patients), probably reflecting the inflammatory nature of PV pathology.
Based on these data, we recommend routine imaging evaluation with either
CT or MRI 3 months after the procedure, irrespective of the presence of
symptoms. If no stenosis is detected, no further evaluation is needed unless
compatible symptoms develop. In the presence of luminal narrowing, repeat
evaluation is undertaken at 6 and 12 months.

Development of pulmonary arterial hypertension appears to be extreme-
ly rare and occurs only in the presence of severe stenosis of several PVs 
(Fig. 1). Importantly, it is almost always associated with severe symptoms
and appears to be reversible when PV dilatation is performed.

Risk factors for the development of PV stenosis, although yet to be com-
pletely defined, include energy delivery inside the veins [18, 24, 32], vein size,
and use of excessive power during RF applications [22, 24]. As such, reliable
and precise delineation of the PV–left atrium (LA) junction appears to be
important. Our initial experience with ostial isolation based on elec-
troanatomical mapping to delineate the PVs proved to be disappointing,
with isolation observed in only 31% of treated veins and with severe stenosis
developing in 15.5% of patients, comparable to the 20% severe stenosis rate
obtained when we performed distal PV isolation based on a circular catheter
in a selected group of patients.

Once it became clear that we had to avoid lesions inside the veins, selec-
tive PV angiography was utilised to determine the ostia. This approach
decreased the incidence of severe stenosis to about 3%. However, in our
experience the use of ICE was associated with the most considerable
decrease in the occurrence of stenosis. When used to guide ostial positioning
of the circular catheter (Fig. 4), it reduced severe stenosis to 1.4%. It is likely
that angiography in not always reliable for adequate ostial visualisation
because of the streaming effect of the contrast in the vein and the frequent
gradual funnelling of the PV junction into the left atrial cavity.

Traditional methods for titration of energy delivery, such as tip tempera-
ture and impedance measures, may not be accurate [35]. This is especially
true for left-side procedures, during which the use of excessive power may
result in thromboembolic complications. Thus, the development of a reliable
method to achieve more accurate energy delivery is needed and visualisation
of microbubbles by ICE is a suitable option, being associated with a signifi-
cantly reduced incidence of severe PV stenosis. Indeed, it is remarkable that
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none of our patients have developed severe stenosis since this strategy was
introduced.

The rationale for microbubble-guided power titration lies in the premise
that adequate tissue heating cannot be predicted simply by monitoring
impedance and temperature. Instead, the formation of scattered microbub-
bles is believed to reflect significant tissue overheating [10, 36–38]. When
this occurs, energy deliver has to be interrupted. However, if this phenome-
non cannot be controlled, tissue desiccation will result, creating the milieu
for coagulum formation and PV stenosis.

Other experienced groups also reported avoidance of PV stenosis just by
performing circumferential ablation well outside the PVs [7, 12, 15, 39], usu-
ally up to 1 cm away from the PV–LA junction, a strategy that does not nec-
essarily aim for PV isolation [39, 40].

Conclusions

Albeit almost an extinct complication in high-volume and experienced cen-
tres, PV stenosis most likely will continue to be a feared complication of AF
ablative procedures, as they are more often performed in community set-
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Fig. 4. Example of the use of intracardiac echocardiography (ICE) to guide ostial posi-
tioning of a circular mapping catheter in the right inferior PV (RIPV). The circular
catheter is placed on the atrial side of the PV–LA junction, allowing real-time monitor-
ing and avoiding the need for PV angiography. LA Left atrium, RA right atrium



tings by less-experienced operators. Severe PV stenosis is associated with a
variety of respiratory symptoms that frequently mimic more common heart
and lung diseases. A high degree of suspicion is necessary to avoid mislead-
ing diagnostic procedures and allow proper and prompt management of
these patients.

PV dilatation is the treatment of choice for symptomatic patients but is
still associated with a frequent need for repeat interventions due to resteno-
sis. It remains to be seen whether the use of drug-coated stents will provide
long-lasting results. Emphasis should be placed on prevention and imaging
modalities that help to accurately delineate the PV–LA junction and guide
power titration, both of which appear to provide the best means to avoid PV
injury by RF energy.
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Atrial Fibrillation Should Be Considered a First-Line 

Therapy – Or Not?

A. PACIFICO, P.D. HENRY

Introduction

In evidence-based medicine, the efficacy and toxicity of therapeutic options
for a specific disease are assessed by carrying out comparative therapeutic
trials. Only randomised placebo-controlled trials (RCT) can provide valid
information on the merits of specific therapeutic manoeuvres in order to
rank them as first-line, second-line, or third-line therapies. To the extent that
valid RCT comparing ablation for atrial fibrillation (AF) with other AF treat-
ments have never been published, the question whether ablation should be a
first-line therapy appears premature and cannot be answered on the basis of
available scientific information.

Our views on ablation for AF have not changed since our recent editorial
on the subject [1]. Here, we will briefly enumerate arguments that cast
doubts on recommending ablation for AF as a routine therapeutic procedure
and certainly as a first choice or first-line treatment. This should not be mis-
interpreted to mean that clinical research in this field is not desirable.

Lack of Considering Extensive Epidemiologic Information

Extensive epidemiologic data indicate that AF in Western societies is a disease
of old age [2, 3]. Consecutive enrolments of AF patients are unlikely to yield co-
horts with mean ages of 60 years or below. Studies claiming consecutive enrol-
ments yet exhibiting young cohorts are puzzling from an epidemiologic viewpoint
and raise questions about the nature of the enrolment procedures [1, 4].
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In studies of AF, cardiovascular risk factors well known to represent AF
risk factors, such as hypertension and diabetes [2], should be precisely
defined and controlled. The recent demonstration that treatment with ACE
inhibitors and/or statins may decrease AF risk appears to support the impor-
tance of controlling risk factors [5, 6]. Unfortunately, most AF ablation stud-
ies provide little information on risk factors and their control. Because AF
relapse may occur as a nocturnal phenomenon [7], it would be important to
monitor nocturnal blood pressure to determine whether lack of physiologi-
cal nocturnal hypotensive dips in hypertensive patients can be correlated
with the risk of AF relapse.

Lack of Considering Previous Trials and Previous Meta-Analyses

Placebo control groups in drug treatment trials of AF have exhibited
extremely variable AF recurrence rates [8]. Therefore, studies involving
small groups of patients should be interpreted most cautiously. The history
of evidence-based medicine has shown that seemingly simple evaluations,
such as those comparing two heparin preparations, may yield contradictory
results in separate trials involving the randomisation of thousands of
patients (for instance, Synergy trial vs previous enoxaparin trials [9]).
Therefore, small studies attempting to evaluate complex highly case-variable
procedures such as AF ablation are unlikely to yield conclusive statistical
results. Most AF ablation studies fail to define statistical power and are
grossly underpowered to assess all-important total death risk. The implica-
tion that AF ablation substantially reduces the incidence of sudden cardiac
death has no survival–statistical foundation [10].

Lack of Defining Precise Pharmacologic Protocols and Treatment with

Antiarrhythmic Drug Therapy

Because so-called antiarrhythmic agents represent drugs with fundamentally
different actions and toxicities, it is highly inappropriate to lump them
together [11]. This is, for instance, true for verapamil, dihydropyridines, and
diltiazem (only verapamil has clinically demonstrated antiarrhythmic
effects). Most important, depending upon the dosages used, so-called anti-
arrhythmic agents may act as pro-arrhythmic agents and thereby increase
mortality [11, 12]. Comparison of ablation with such drugs (particularly
without specifying their dosages) is potentially very misleading. Variable,
not prospectively defined drug administrations after ablation preclude an
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assessment of the therapeutic contribution of the invasive intervention to
overall outcome [1].

Use of Non-validated Methods of Arrhythmia Detection

Remembered arrhythmia symptoms or symptoms inciting patients to per-
form ECG recordings with pocket recorders or to elicit shocks from implant-
ed atrial defibrillators have not been shown to represent adequate techniques
of AF detection as recorded by implanted devices [13–15]. These methods
are deficient particularly because AF episodes are often nocturnal, occurring
during sleep [7]. Recent studies with implanted devices confirm that up to
90% of AF episodes are not perceived by patients [13–15]. Further, 24- and
48-h continuous (Holter) recording are highly inadequate sampling tech-
niques for the recording of infrequent and highly variable arrhythmia
events, such as those encountered in patients suffering from AF.

Failure To Perform Trials with Appropriate Placebo Controls and To Give

Possible Placebo Effects Serious Consideration

The inclusion of groups randomised to placebo or sham interventions is cru-
cial in trials. For instance, comparison of two potentially toxic medications,
such as chemotherapeutic or antiarrhythmic agents, without placebo com-
parison does not answer the important question whether these agents pro-
long or shorten survival. Furthermore, the lack of controls involving placebo
or sham interventions precludes appraisal of placebo effects [16, 17]. Recent
cardiological studies [18, 19] have re-emphasised the importance of placebo
effects, extensively discussed in the surgical literature [16].

Failure To Develop Standard Techniques Necessary To Conduct Credible

Multi-Centre Trials

One hallmark of the AF ablation literature is the continual proposal of new
ablation procedures involving new instruments and techniques. The authors
jump to new procedures before characterising long-term effects of their previ-
ous apparently abandoned procedures. For instance, long-term effects of right
atrial ablation, advocated in early trials [20], remain largely uncharacterised. A
similar difficulty was observed with the Maze operations for AF. Although each
Maze procedure was claimed to be definitive, new improved procedures were
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described subsequently. Lack of developing standardised procedures largely
prevents the implementation of credible multicentre studies.

Conduction of Studies Under the Exclusive Supervision of Clinicians

Identifiable as Proponents of Ablation for Atrial Fibrillation

In modern trials, it is customary to assemble several neutral committees for
the monitoring of patient selection, randomisation, data collection, adverse
events, and outcomes. In AF ablation trials, objective monitoring by indepen-
dent observers has almost always been omitted.

Variable or Absent Definition of the Term Cure of Atrial Fibrillation

In many AF ablation studies, claim of cure is made. Unfortunately, the term
cure is rarely clearly defined. The outcomes of ablation procedures com-
pared to those obtained with selected antiarrhythmic agents, such as amio-
darone, sotalol, and propafenone, have yielded 1-year relapse-free survivals
of the same order of magnitude (about 60% of the patients) [8]. Such appar-
ently event-free survivals are probably only slightly better that those
obtained without specific therapies. Cure after only 12 months cannot be
claimed because the long-term course of AF is highly variable and may
evolve over a lifetime [1]. It is disconcerting that investigators can claim cure
based on subjective information, apparently not considering that the detec-
tion of AF relapses requires special diagnostic strategies [13–15].

Absent or Invalid Data on the Most Important Complications of Atrial

Fibrillation, Including Stroke, Heart Failure, All-Cause Death,

and Cardiovascular Death

Because AF is relatively well-tolerated, the rates of interventional complica-
tions, such as stroke, pulmonary vein stenosis, haemopericadium, and
phrenic nerve paralysis, must be evaluated most carefully [21, 22]. In many
AF ablation studies, no estimates of cumulative radiation dosage (fluo-
roscopy) are provided. It has been demonstrated that AF may be complicated
by microembolic brain disease and cognitive deficits without signs of stroke
[23, 24]. Therefore, absence of obvious stroke events by no means demon-
strates the safety of AF ablat ion in terms of embolic brain injury.
Unfortunately, no AF ablation study has included serial brain imaging stud-
ies and none has focused on intervention-related cognitive deficits.

254 A. Pacifico, P.D. Henry



Conclusions

The literature on ablation for AF has many of the features of clinical research
in the era preceding evidence-based medicine and randomised trials. Many
studies emanate from single centres, involve low patient numbers, and fail to
provide adequate statistical analysis, including intention to treat analysis and
evaluation of statistical power. As was the case with Maze operations, new
procedures are continually proposed without completing satisfactory evalua-
tions of previously proposed procedures. Very worrisome is that most stud-
ies have not involved neutral committees for the recording and supervision
of severe complications.

The belief that AF ablation now represents a standard or, indeed, first-line
treatment is excessively optimistic and may reflect occupational and eco-
nomic factors encouraging mechanistic invasive procedures.
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Long-Term Use of the Atrial and Dual Defibrillator: What Have

We Learned?

J.M. MEKEL, A.S. THORNTON, D.A.M.J. THEUNS, L.J. JORDAENS

Background

Persistent atrial fibrillation represents a management problem for the physi-
cian and a condition associated with considerable morbidity. The results of
anti-arrhythmic therapy are disappointing [1]. In the 1980s the rapid devel-
opments in implantable device technology, combined with the knowledge
that atrial defibrillation thresholds were far lower with internal cardiover-
sion than with transthoracic cardioversion [2] and the rationale for applying
early cardioversion of atrial defibrillation to limit electrical remodelling, led
to the development of the implantable atrial defibrillator or atrioverter. The
first commercially available device was only capable of delivering low-energy
shocks, specifically for atrial defibrillation; later, high-energy devices
became available that could accomplish atrial and ventricular defibrillation.
Electrode configurations are variable, with shock coils positioned in the
right atrium and coronary sinus or only in the right ventricle or different
combinations.

Stand-Alone Atrial Defibrillators

The InControl Metrix Atrioverter system (Guidant Corp., St Paul, Minn.,
USA) consists of an implantable atrial defibrillator connected to right atrial
and coronary sinus defibrillation leads and a right ventricular pacing lead
(Fig. 1). It is capable of delivering a maximum of 6 J of energy. This system
was evaluated acutely in a study of 51 patients [3] and demonstrated the
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capability of the device to deliver promptly and safely internal shocks for the
acute treatment of recurrent episodes of atrial fibrillation. These patients
were subsequently also evaluated in the ambulatory setting [4].

Dual-Chamber Defibrillators

A number of implantable cardioverter defibrillators (ICDs) capable of deliv-
ering shock therapy for atrial and ventricular tachyarrhythmias have been
developed, including the Jewel AF model 7250 ICD and GEM III AT
(Medtronic, Inc., Minneapolis, Minn., USA), and the Prizm AVT and Vitality
AVT (Guidant Corp., St Paul, Minn., USA). In addition, these devices can
deliver overdrive pacing therapy in the atrium which may obviate the need
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Fig. 1. Chest radiograph of a patient with an implanted atrioverter with leads in the right
atrium, the coronary sinus, and the apex of the right ventricle. The right atrial and coro-
nary sinus leads are used for arrhythmia recognition and defibrillation. The right ven-
tricular lead is used for shock synchronisation and, if needed, ventricular pacing



to administer a shock. The largest amount of data published has been on the
Jewel AF, a dual-chamber defibrillator also capable of delivering preventive
pacing therapies and atrial overdrive pacing. It delivers a maximum of 27 J
of electrical energy. This device is combined with pace-sense electrodes in
the right ventricle and atrium together with one ventricular and one
supraventricular shocking electrode and an optional third high-voltage elec-
trode in the coronary sinus. It may be employed as an active can device or
subcutaneous patches may be added. The device uses algorithms to distin-
guish between atrial tachycardia, atrial fibrillation, and ventricular tach-
yarrhythmias. It may be programmed to deliver atrial shock therapy auto-
matically (Fig. 2) after a variable interval or only in response to a patient-
initiated request given by means of a manual activator. The former program-
ming allows for automatic shocks to be delivered at a moment when the
patient is least likely to experience it as painful, uncomfortable, or inconve-
nient; the latter programming allows the patient to optimise conditions for
delivery of the shock, including taking a sedative or analgesic prior to shock
delivery. To minimise the risk of inducing a ventricular tachyarrhythmia the
device synchronises the shock with an R wave and will only deliver therapy
after a relatively long R-R interval, nominally 500 ms in this device. This
device was evaluated in the Worldwide Jewel AF-Only Trial [5].

Safety and Efficacy of Cardioversion of Atrial Fibrillation by Implantable

Devices

In the study by the Metrix investigators [3] the device delivered a total of 670
shocks for 227 spontaneous episodes of AF in 41 patients during a mean fol-
low-up of 259 days (2 SD = 138 days). A further 3049 shocks were delivered
for induced episodes of AF during testing of the synchronisation adequacy
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Fig. 2. Intracardiac electrogram and a marker channel showing the detection and shock
termination of an episode of atrial tachycardia in a Jewel AF dual-chamber defibrillator.
TF interval below atrial tachycardia detection interval, TD atrial tachycardia detection,
AS atrial sensed event, VS ventricular sensed event



and atrial defibrillation threshold. There was not a single instance of ventric-
ular arrhythmia induced by shocks delivered for atrial fibrillation, confirm-
ing that R wave synchronisation was adequately achieved by the device. It is
important to note that the trial excluded patients with anything more than
mild structural or ischaemic cardiac disease as well as patients with a docu-
mented episode of ventricular tachyarrhythmia. As regards efficacy, 96% of
the spontaneous episodes of atrial fibrillation were successfully cardioverted
by the device, but in 27% of episodes several shocks were required because
of early recurrence of atrial fibrillation (ERAF). Arrhythmia recognition
occurred with high specificity.

In the Worldwide Jewel AF-Only Trial [5] a total of 1036 shocks were
delivered for atrial tachyarrhythmia without a single instance of induced
ventricular dysrhythmia. The efficacy of delivered shocks in terminating
atrial tachyarrhythmias was 86.7%. The efficacy of atrial overdrive pacing
was 40%, a high percentage, explained by the fact that many episodes of atri-
al tachyarrhythmia started as a well-organised atrial tachycardia. The mean
follow-up period was 12.6 ± 6.2 months. Based on analysis of available
stored electrograms, the positive predictive accuracy of the detection algo-
rithm was 98.9%. Fifty-four episodes of delivered therapy were inappropri-
ate, caused by sensing of far-field signals or multiple premature atrial beats.
After 1 year, 94% of the patients remained in sinus rhythm, and 91% still
had atrial therapies enabled.

Again, this trial excluded patients with documented ventricular tach-
yarrhythmias, but moderate to severe heart disease was not an exclusion
criterion (except for NYHA class IV symptoms). Of 67 episodes of ventricu-
lar tachycardia or fibrillation, 58 were successfully terminated by device
intervention; the remaining 9 terminated spontaneously. The incidence of
ventricular tachyarrhythmia (6.7%) was relatively high, a fact which casts
doubt on the wisdom of implanting a stand-alone atrial defibrillator.
However, this high incidence may have arisen from selection bias and fur-
ther, a significant proportion of patients had NYHA class III symptoms
and/or left ventricular ejection fraction (LVEF) of less than 35% – charac-
teristics that in 2005 are accepted as indications for ICD implantation [6, 7].
An intriguing finding from this study is that 75% of ventricular tach-
yarrhythmias started during an episode of atrial tachyarrhythmia. Other
studies [8] have also described a temporal relation between atrial fibrilla-
tion and ventricular tachyarrhythmia.

Anti-tachycardia pacing and shock therapy resulted in a significant
reduction in the atrial tachyarrhythmia burden from a mean of 58.5
h/month to 7.8 h/month [9].
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Long-Term Follow-Up of the Dual Defibrillator

Longer-term follow-up in a smaller group of patients [10] revealed a very
high rate of successful device intervention, with 96% of episodes successfully
terminated with a single shock. This study revealed three different patterns
of atrial fibrillation recurrence, with a trend to longer duration of sinus
rhythm after successful cardioversion in only a minority of patients, provid-
ing limited evidence for the concept that ‘sinus rhythm begets sinus rhythm.’
Timmermans et al. [11] similarly reported a decrease in the number of
episodes requiring therapy and an increase in the time between episodes
after 260 ± 144 days in patients implanted with the Metrix device.

Modern devices are also capable of delivering overdrive pacing in the
atrium in order to terminate episodes of more organised atrial tachycardia,
hopefully preventing the rhythm from degenerating into atrial fibrillation.
Most can also deliver 50 Hz pacing in an attempt to convert atrial fibrilla-
tion to sinus rhythm before proceeding to shock therapy. The efficacy of
these modalities is 71.3% for anti-tachycardia pacing (ATP) on atrial tachy-
cardia and 36.2% for 50 Hz pacing for atrial fibrillation [12, 13].

Early recurrence of atrial fibrillation (ERAF) after successful ambulatory
cardioversion is common [14], reaching 70% at 24 h, and is commoner with
an episode duration of less than 3 h, with episodes where multiple shocks
are required, and in the absence of a history of myocardial infarction.

In a long-term follow-up of 136 patients with the Metrix device [15], at a
median of 40 months after implantation only 39 of 106 (37%) for whom data
was available were still actively delivering therapy with the device. In 14
patients (13%) the device was being used to monitor the arrhythmia, with
action taken in the event of a recurrence, either as a device-delivered or
transthoracic cardioversion under the supervision of the treating physician.
In 53 patients the device had either been turned off or explanted for a vari-
ety of reasons including: a rise in the defibrillation threshold, rendering the
device incapable of performing successful cardioversion in 7 patients; intol-
erance of shocks due to frequent atrial fibrillation recurrences in 15 patients;
significant bradycardia necessitating atrioventricular sequential pacing, of
which this device was incapable, in 12 patients; and battery depletion in the
remaining 19 patients. Of these 19 patients, 7 refused implantation of a new
defibrillator due to intolerance of shocks, 9 received a second-generation
dual-chamber defibrillator, 6 received a dual-chamber pacemaker (with or
without preventive or therapeutic pacing algorithms) and 2 received anti-
arrhythmic drug therapy (in combination with a Maze procedure in 1). In 36
patients rhythm control was abandoned in favour of a strategy of rate con-
trol (including ablate-and-pace therapy in 13).
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Device-Related Complications

In the study by the Metrix investigators [3] there were 8 system-related com-
plications, including 2 cases of lead displacement. In the Worldwide Jewel
AF-Only Trial [5] there were 26 system-related complications in 23 patients.
Lead displacement was the commonest complication, occurring in 11
instances; 5 of these were displacements of the atrial tripolar lead, which is
heavier than a standard bipolar lead. This incidence should be much less if a
standard dual-coil ventricular defibrillation lead is used.

Tolerability of Delivered Shocks and Quality of Life

The tolerability of this device therapy is highly variable. Anti-tachycardia
pacing is generally tolerated well, shocks less so. Nevertheless, a careful
analysis of measures of quality of life in the Jewel-AF trial [16] demonstrated
a convincing improvement in all subgroups of patients, with no evidence of
an attenuation of this improvement in those who received shocks. Indeed,
the proportion of episodes for which patients used the activator increased
during the course of the study. Follow-up in this report, however, was short
(6 months). In a study with a longer follow-up, Ricci et al. reported signifi-
cant improvement in the quality of life and decreased hospitalisation in a
group of 40 patients with the Jewel AF device implanted [17]. In one survey,
acceptance of device therapy is good at 18 months after implantation [18]
but does correlate with a number of patient characteristics with which the
physician should be familiar, such as lower psychosocial distress, lower anxi-
ety score, and lesser atrial fibrillation symptom burden. Automatic night-
time shocks are significantly less acceptable to patients than patient-activat-
ed shocks with pre-medication [19]. Pre-medication with sedation is pre-
ferred to that with analgesia [20].

Patient Selection

The trials conducted to date have limited the use of the atrial or dual defib-
rillator to patients with recurrent atrial fibrillation refractory to combina-
tion or sequential drug therapy. Patients with permanent atrial fibrillation
are clearly not candidates. From the long-term follow-up data [15, 16, 18] it
appears that therapy is better tolerated by patients with a lower atrial fibril-
lation burden.
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Future of the Atrial Defibrillator

The advent of ablation techniques for atrial fibrillation [21] with good short-
term and medium-term results heralds a new era in the treatment of this
condition in patients with symptomatic paroxysmal or persistent atrial fib-
rillation in the absence of severe structural heart disease [22]. No doubt
improvement in techniques with a commensurate increase in success and
decrease in complications will mean this modality will be applicable in a
larger group of patients, including those with more severe structural cardiac
disease [23].

What then is the role for the atrioventricular defibrillator in 2005 and
beyond? Patients who were previously candidates for the stand-alone atrial
defibrillator, i.e. those with minimal cardiac disease but symptomatic drug-
refractory paroxysmal atrial defibrillation, should nowadays have a pul-
monary vein isolation procedure performed. Patients with more severe
structural heart disease probably have an indication for implantation of an
ICD in light of the results of the more recently published trials [6, 7]. The
incorporation of atrial defibrillation modalities into ICDs (a development of
the philosophy that spawned the Jewel AF device) for a select group of
patients with recurrent symptomatic drug-refractory atrial fibrillation may
ensure the survival of the atrial defibrillator. In particular, patients with
hypertrophic obstructive cardiomyopathy, who are at risk of sudden death
from ventricular tachyarrhythmias, and who can develop rapid haemody-
namic deterioration with the onset of atrial dysrhythmias, may benefit
remarkably from this device, especially if paced from the apex of the right
ventricle with a short atrioventricular delay. A large number of patients with
congenital heart disease, who are also at high risk of developing atrial and
ventricular tachyarrhythmias, likewise form a particular target group.

Conclusions

Atrial and dual defibrillators held great promise when they were introduced
in the 1990s.

The devices are effective and safe in selected patients. Tolerability and
acceptance by patients is good in the short term but only moderate in the
longer term. The complication rate is relatively low. However, advances in
ablation techniques for the treatment of atrial fibrillation have limited and
will continue to limit the use of implantable atrial defibrillators. In combina-
tion with ICDs they may find a continued role in a patient group that should
be further defined.
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Hybrid Therapy as an Alternative in Refractory Atrial

Fibrillation: When, Why, and How?

S. SAKSENA1, N. SKADSBERG2

Introduction

Hybrid therapy has been proposed for the treatment of drug-refractory atri-
al fibrillation (AF). The development of hybrid therapy has been going on
over the past 10 years and has largely stemmed from the modest efficacy and
limited patient benefits seen with a variety of monotherapies in patients
with drug-refractory AF. A number of clinical studies have demonstrated
that drug-refractory AF is common and that rhythm control is rarely
achieved with drug strategies alone. In the AFFIRM study, drug therapy
added only a modest 23% increment to the likelihood of maintaining rhythm
control in patients who were started on a rhythm control strategy [1].
Similar results were seen with amiodarone in the STAF study and in the
RACE study [2, 3]. As a result, non-pharmacological monotherapies such as
atrial pacing and catheter ablation either of focal triggers or isolation of
these foci as well as linear ablation of the atrial substrate were proposed. The
last 10 years have been spent in evaluating each of these monotherapies as a
suitable non-pharmacological alternative to drug therapy of AF for rhythm
control. In each of these instances, there has been some success, but a sub-
stantial proportion of patients has failed to respond to the monotherapy.

Focal catheter ablation of AF triggers in patients with little or no struc-
tural heart disease has been performed in the pulmonary veins [4]. Focal
ablation has had modest success; in prospective studies and recent meta-
analysis this has averaged around 50–70% at most centres [5]. In a recent
worldwide survey, practitioners described somewhat higher success rates at

1Electrophysiology Research Foundation, Warren, New Jersey; 2Robert Wood Johnson
Medical School, New Brunswick, New Jersey, USA



centres that had larger volumes of patients, but nevertheless most centres
saw only modest success rates. Even these modest success rates were
achieved in many centres with the concomitant use of anti-arrhythmic
drugs, in a hybrid approach with the ablation procedure. In a survey of clini-
cal practitioners, Mikelsen et al. reported a significant level of failure in the
responses from clinical practitioners [6]. In view of these outcomes and the
limited target patient population (i.e., the patients with little or no structural
heart disease), few practitioners believe that monotherapy with focal
catheter ablation can be curative in the large body of AF patients. More
recently, isolation of the pulmonary veins has been attempted [7]. While iso-
lation procedures have been associated with lesser degrees of complications
such as pulmonary vein stenosis, efficacy rates have been variable. While cer-
tain centres report good results, the first prospective multi-centre study
reported a 60% freedom from AF at 1 year [8]. Linear ablation of the right
atrium has had low success rates, with rates of efficacy between 15% and
54% being reported, but many of these data may relate to treatment com-
bined with anti-arrhythmic drugs [9, 10]. In a prospective clinical trial, a
partial or complete response on the basis of symptoms and intermittent
ECGs was obtained in approximately 50% of patients [10]. In this prospec-
tive study using a multi-electrode ablation catheter, anti-arrhythmic drugs
were continued, allowing hybrid therapy with right-sided ablation and anti-
arrhythmic medication. More importantly, linear ablation in the left atrium
has been combined with pulmonary vein isolation in many centres. Pappone
et al. reported a significantly higher success rate with this combination of an
ablative compartmentalisation approachwith trigger isolation in the left atri-
um, but anti-arrhythmic drugs were continued in many patients [7].

Atrial pacing as monotherapy alone has had very minimal efficacy in
patients with AF with and without bradycardia. In clinical trials involving
patients with bradycardia–tachycardia syndrome, a small reduction in the
AF burden as well as limited reduction of frequency have been reported, but
in most trials AF recurs without restoration of rhythm control in most
patients [11–14]. A major limitation of ablation studies has been patient
symptom-based reporting of AF recurrences. Recent studies show this to be
highly unreliable and vastly underestimates AF events [15].

Definition of Hybrid Therapy

In view of these less than encouraging results, hybrid therapy of AF has been
investigated by us and increasingly by other selected centres. These data will
be discussed here together with the electrophysiological basis for this
approach. The electrophysiological mechanisms of hybrid therapy efficacy
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are currently being examined, and the results of hybrid therapy will be dis-
cussed in subsequent sections. Hybrid therapy in its broadest sense is taken
to be a combination of pharmacological and non-pharmacological therapies
using anti-arrhythmic and non-anti-arrhythmic therapies to optimise and
even individualise patient management.

Electrophysiological Mechanisms Underlying Efficacy

The electrophysiological mechanisms underlying different approaches to
hybrid therapy are, of necessity, dissimilar. Thus, individual combination of
pharmacological and non-pharmacological techniques may target specific
mechanisms to achieve efficacy for an individual patient. The combination of
anti-arrhythmic drugs and pacing, anti-arrhythmic drugs and catheter abla-
tion, and the combination of all three approaches – drugs, pacing and abla-
tion – need to be considered individually. There is a potential for significant
synergy between these approaches, and it seems that for each therapy more
than one anti-arrhythmic mechanism may be operative. Thus, while we can
both hypothesise synergistic mechanisms and can document efficacy of the
hybrid therapy prescription, dissecting the contribution of each of the com-
ponents of hybrid therapy still remains a major challenge.

Anti-arrhythmic drugs are well known to suppress ectopic activity in the
AF, prolonged atrial refractoriness, and reduced conduction velocity. The use
of these drugs would contribute to reduce the AF burden by reducing AF
triggers, in the form of ectopic activity or atrial or atrioventricular (AV)
nodal tachycardias. Anti-arrhythmic drugs can retard intra-atrial conduc-
tion and prolonged atrial refractoriness, thus affecting the initiation of atrial
reentrant tachycardias that trigger or maintain AF. They also produce con-
duction block in patients, which may be important in alteration of sites of
conduction delay or interruption of a reentrant pathway. These mechanisms
could reduce the frequency with which AF events are triggered or prevent
the inscription of reentrant tachycardias at the initiation or during mainte-
nance of AF. They can terminate AF by producing either conduction block in
reentry circuits or expanding the window or excitable gap that could be pen-
etrated by ectopic beats or other mechanisms for spontaneous AF termina-
tion. Thus, anti-arrhythmic drug trials rarely examine the ability to termi-
nate or interrupt tachycardias except for spontaneous cardioversion of AF,
which occurs in a proportion of patients with various forms of cardiac dis-
ease. Patients with advanced structural heart disease or heart failure are
clearly more resistant to drug therapy.

Atrial pacing can suppress atrial triggers as well as alter the depolarisa-
tion of the atrial substrate, changing its vulnerability to AF. However, many
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of these tachycardias are unaffected by atrial triggers and the AF burden is
not resolved by this mechanism. Dual-site atrial pacing and biatrial pacing
has been shown to abbreviate P wave duration and also improve the haemo-
dynamics of left-sided AV filling. In a sub-study of the DAPPAF study, left
atrial filling of the left ventricle was improved with increased atrial jet veloc-
ity, as well as AV conduction being improved by reduction of AV conduction
intervals [13, 14, 16]. However, in the absence of anti-arrhythmic drugs dual-
site atrial pacing has not shown any meaningful clinical effect on time to
symptomatic AF recurrence. The recurrence and frequency of atrial flutter
and AF is generally minimally altered by atrial pacing alone despite increas-
ing evidence that premature beats can be reduced. In the DAPPAF study and
later in the ASPECT and ATTEST trials, atrial pacing alone did not prolong
the time to the first recurrence of symptomatic AF, and the addition of AF
termination therapies did not alter this outcome [17–19]. However, when
combined with the class I or III anti-arrhythmic drugs, overdrive dual-site
atrial pacing prolonged the time to the first symptomatic AF recurrence in
the DAPPAF study [16]. Thus, we hypothesised that the combination of dual-
site atrial pacing and anti-arrhythmic drug therapies may have electrophysi-
ological effects on both focal triggers and the atrial conduction, as well as on
the haemodynamics affecting the atrial substrate which may have favourable
anti-arrhythmic effects.

Catheter ablation can isolate triggers or ablate triggers, as well as isolate
critical areas of the atrium that may be necessary for AF. Catheter ablation
has also been performed in patients with structural heart disease or patients
with drug-refractory AF that has not responded to any other approach. [18]
Results have been reported to be favourable, but more objective endpoint
data are unavailable.

Atrial ablation can be combined with pacing to reduce the frequency of
triggers and alter the substrate to make it less vulnerable to AF maintenance.
Pacing, in particular dual-site atrial pacing, and ablation therapy (mainly
right atrial ablation) have been combined by us for the treatment of drug-
refractory AF. Our recent reports included 130 patients with paroxysmal,
persistent, or permanent AF followed over 10 years, most of them having sig-
nificant structural heart disease [18]. Most importantly, pacing and ablation
therapy can supplement each other. The Maze procedure can help ablate
right atrial flutters as well as compartmentalise the right atrial substrate.
Better visualisation of linear ablation by new techniques of three-dimension-
al mapping permits more effective compartmentalisation and flutter abla-
tion. These compartments can be resynchronised by multi-site atrial pacing
and P-wave abbreviation is observed. Dual-site right atrial pacing when per-
formed in this fashion not only serves to resynchronise the two atrial com-
partments, but also has a marked anti-arrhythmic effect by pacing on both
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sides of a linear radiofrequency lesion, which can be extremely anti-arrhyth-
mic with respect to reentrant tachycardias around the incised lesion. It is our
contention that these effects result in prevention of persistence of AF. This
has been demonstrated in our pilot studies with device datalogues showing
progressive elimination of persistent AF and later symptomatic paroxysmal
AF [19]. Patients are usually left with brief asymptomatic salvoes of atrial
tachycardia or AF that last a few seconds or a few minutes and have no clini-
cal importance.

Effectiveness and Safety of Hybrid Therapy

Efficacy of Hybrid Therapy

The efficacy of hybrid therapy in a variety of patient populations has now
become evident (Tables 1, 2). In early pilot studies from our group in drug-
refractory paroxysmal AF, we noted prolongation of the time to first day of
recurrence as well as restoration of rhythm control in a significant propor-
tion of patients. Long-term data from our studies are now available and the
patient population has been expanded to include patients with persistent
and permanent AF, with and without structural heart disease, and patients in
whom heart failure was present with advanced left ventricular dysfunction
(Fig. 1). There were no differences in outcome based on coexisting brady-
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Fig. 1. Clinical outcome of a consecutive series of 130 consenting patients undergoing
hybrid therapy of refractory atrial fibrillation enrolled over the period 1994-2002. Data
is censored as of December 2003. CV Free Survival cardioversion free survival, Rhythm
control maintenance of atrial paced or sinus rhythm with freedom from permanent AF



cardia (Fig. 2). These studies have been summarised in recent reports and
will not be described in detail here [20, 21]. A tabulation of these studies is
available in [21] and in Table 3. Pilot data have supported the use of this
approach in even refractory permanent AF populations.
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Fig. 2. Stratification of rhythm control endpoint based on the coexistence of a primary
bradycardia indication for pacemaker implantation. Survival curve shows proportion of
patients remaining in atrial paced or sinus rhythm free of permanent AF over an actua-
rial  follow-up period up to five years (X axis) using a Kaplan Meier survival analysis.
AF atrial fibrillation only, AF + Brady atrial fibrillation and a coexisting primary brady-
cardia

Table 1. Early clinical results with combination therapy: drug + ablation (data from [17])

Series Ablation  Patients Mean  Rhythm PV stenosisb

technique follow-up controla

(months)

Garg RA maze PAF 12 56 (18) None

Stabile Tricuspid PAF + CAF 24 58 (8) None
isthmus 

Gerstenfeld PVA PAF 71 6 31 (23) 8.3 (angio)

Natale PVA PAF 293 10 86 (81) 11.5 (CT)

Kanagaratnam PVI PAF 71 29 83 (21) 36 (CT)

Natale CUVA PAF 30 12 80 (47) 3 (CT)

a Percentage (number) of patients
b Percentage of patients



Most recently we have reported on a consecutive series of patients with
persistent and permanent AF in whom detailed biatrial and three-dimen-
sional mapping was performed and hybrid therapy outcomes could be evalu-
ated using electrogram-validated device datalogues. Rao et al. studied 47
patients with symptomatic persistent (n = 26) or permanent (n = 21) AF
[22–24]. They underwent ‘hybrid therapy’ and were followed for 24 ± 15
months. All patients underwent linear right atrial ablation and implantation
of a pacemaker or atrioventricular defibrillator capable of overdrive right
atrial pacing together with therapy with previously ineffective anti-arrhyth-
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Table 2. Early clinical results with combination therapy: drug + device (data from [17])

Series Device  Patients Mean % Rhythm % Complications 
technique follow-up control 

(months)

Metrix Atrial ICD 186 9 84 6

Jewel AF AV ICD 537 11 ±8 86 NA

Delfaut Dual RA pacing 30 12 80 6

D’Allones Biatrial pacing 86 33 64 15

ICD implantable cardioverter–defibrillator, A-V atrioventricular, RA right atrium, NA
not available

Table 3. Hybrid therapy algorithms: drug + device + ablation

Series Method Patients AF type Follow-up  Rhythm 
(months) control 

Saksena DAP + AAD  118 Parox/Persist 1–54 (20 ± 14) 93 pts 
± ABL (79%)

Prakash DAP + AAD 40 Parox AF 5–56 (26 ± 14) 90% at 
+ TVI ABL  ± A Flutter 2 years

Saksena DAP + AAD 113 Parox (70) 1–81 (30 ± 23) 92% at 
± ABL ± CV 3 years

Filipecki AP/ICD + RA  25 Persist/Perm 6–49 (17 ± 10) 75% at  
Maze AAD 18 months

DAP dual RA pacing, AAD anti-arrhythmic drug, TVI tricuspid isthmus, ABL ablation, CV
cardioversion, AP atrial pacing, ICD implantable atrioventricular cardioverter-defibrillator,
Parox paroxysmal, Persist persistent, Perm permanent, pts patients



mic medication. Device datalogues were used to monitor AF recurrences
(Fig. 3). Freedom from permanent AF was 97%, 90%, and 83% at 6 months
and 2 and 3 years respectively. Sixteen patients (30%) had no AF recurrence
after hybrid therapy. Thirty-one patients (66%) had a total of 55 AF recur-
rences (mean 1.8 per patient), usually in the first 6 months of therapy. These
generally resolved, with 39 of the 47 patients (83%) achieving long-term
rhythm control. There was a significant reduction in mean AF-related hospi-
talisations (from 3.5 ± 2.8 to 0.57 ± 1.1), cardioversion hospitalisations
(from 3.5 ± 2.2 to 0.38 ± 0.5 per patient), and DC cardioversions (from 3.1
± 3.9 to 0.7 ± 0.5 per patient) after hybrid therapy compared to event rates
before therapy (P < 0.05 for all; Fig. 4). The authors concluded that hybrid
therapy can establish rhythm control significantly in patients with persistent
and permanent AF refractory to drugs and cardioversion therapy. This
improvement is associated with a significant reduction in AF-related hospi-
talisations and need for cardioversion therapy.

274 S. Saksena, N. Skadsberg

Fig. 3. Device datalogs with long term electrogram storage validating rhythm control in a
cohort of patients with drug refractory persistent and permanent AF. The left panel
shows the datalog electrograms showing classification of patient rhythm at initiation of
hybrid therapy and the right panel  shows the outcome after long term followup. AF
atrial fibrillation, AT atrial tachycardia; numbers show patients in each category at end
of followup



Mechanisms of AF and Correlation with Hybrid Therapy Outcomes

For these unique patients in the study by Rao et al., biatrial mapping and AF
mechanisms were available for analysis [22–24]. In the initial reported map-
ping data, we were able to demonstrate conclusively that biatrial mechanisms
for AF were present in virtually all patients. Right atrial interventions in the
form of linear ablation and dual- or single-site atrial pacing were the major
form of hybrid therapy. In most patients, no targeted ablation of left atrial
sites was undertaken. Yet over 80% of patients achieved excellent rhythm
control. These data conclusively indicate that hybrid therapy can achieve
rhythm control in refractory AF with biatrial involvement in AF.

Safety of Hybrid Therapy

Hybrid therapy has been proven safe in our long-term observational studies.
There have been no procedural deaths or strokes. Complication rates average
less than 2%. Long-term anti-coagulation has been withdrawn in over 25% of
patients with device-documented freedom from AF for 1 year. The overall
stroke incidence is 1.1% per patient year in our study population of 130
patients followed for an average of 5 years [25]. This is comparable to the
stroke risk in an age-matched study population without AF.
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Fig. 4. Hospitalisations for atrial fibrillation and cardioversion before and after hybrid
therapy. AF atrial fibrillation, Cv cardioversion, Rx hybrid therapy

AF
hospitalisations

CV
hospitalisations



Comparison with Therapeutic Alternatives

Alternative therapy approaches include left atrial interventions such as pul-
monary vein isolation or focal ablation. There is little evidence that these
offer superior rhythm control to hybrid therapy, and in fact survey data sug-
gest much more modest efficacy [5, 6]. Long-term observational data show
maintenance of efficacy based on objective device datalogues. Such data are
still not available for left atrial interventions, with the usual endpoints used
in ablation studies being increasingly put into question by device-based data
[15]. Reports of the risks of left atrial ablation are now increasing, with
major complication rates in excess of 5% [26–28]. These include mortality,
stroke, symptomatic pulmonary stenosis, atrio-oesophageal fistula, etc.
Hybrid therapy procedural complication rates are far lower in terms of
major complications (< 2% in our experience), with no procedural deaths or
stroke in over 10 years.

Finally, hybrid therapy offers ease of use, wider applicability, and shorter
procedural times and radiation exposure than do prolonged ablation proce-
dures. These advantages alone merit its use as a first line non-pharmacologi-
cal alternative in refractory AF.
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Atrial Fibrillation and Transcatheter Ablation: ‘Ablate And Pace’

or Pulmonary Veins Disconnection?

A. PROCLEMER1, D. PAVONI1, D. FACCHIN1, M. CROSATO1, R. OMETTO1, M. BONANNO2

Introduction

Radiofrequency (RF) ablation of the atrioventricular node followed by pace-
maker implantation, so-called ablate and pace (AP), is now a well-accepted
therapy in patients with disabling or medically refractory atrial fibrillation
(AF). This therapy is used in patients affected by both paroxysmal and
chronic or persistent AF [1].

This review will consider first the intermediate and long-term outcomes
of AP [2, 3], followed by a description of the pulmonary veins (PVs) electri-
cal disconnection techniques, analysing in detail the immediate and interme-
diate outcomes and the possible complications.

Treatment of Atrial Fibrillation by Ablate and Pace

Fifteen years after its introduction into clinical practice, a substantial
amount of data (long-term outcomes, identification of the best candidates
for this therapy, short-term complications and those occurring during 
follow-up) on AP therapy for refractory AF have accumulated. The following
is a synopsis of some representative studies based on large multicentre pop-
ulations and meta-analyses.

Wood et al. [2] quantified the effects on the main clinical outcomes and
survival with a large meta-analysis that included 21 AP studies comprising a
total of 1181 patients, 97% with refractory AF and 3% with flutter or atrial
tachycardia. The outcome analysis consisted of 642 patients who were
enrolled in 15 studies and followed-up for a period of time that ranged from

1U.O. Cardiologia Ospedale S.M. Misericordia, Udine; 2U.O. Cardiologia Ospedale S.
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48 days to 2.3 years. The mortality analysis included 1073 patients in 16
studies who were followed for 3 months to 2.3 years. The authors concluded
that in patients with refractory atrial tachyarrhythmias AP therapy signifi-
cantly decreased symptoms and the need for health care resources, while
improving quality of life (QOL), ejection fraction, and exercise tolerance.
Also, total and sudden mortality rates, (6.3%/year and 2%/year, respectively)
were similar to, if not better than, those reported in other trials that included
AF patients who did not undergo AP.

Gasparini et al. [3] reported similar results in a multicentre retrospective
study that measured the long-term incidence of sudden death following
treatment with AP. This study included 585 patients (mean age 66 years)
with paroxysmal AF (n = 308) or chronic, symptomatic, refractory AF (n =
277), with associated organic heart disease in 71% of the patients. Mean fol-
low up was 33.6 months; total mortality at 1 year was 4.88%, and sudden
mortality 1.04% (predictive factors for these events were underlying heart
disease and ejection fraction < 45%). The authors concluded that patients
who had AP therapy for refractory atrial tachyarrhythmias had a lower risk
of sudden death during follow-up. It was also noted that left ventricular dys-
function secondary to the underlying heart disease appeared to be the main
predictive variable for such an event.

At the Mayo Clinic, Ozcan et al. [4] analysed a population of 350 consecu-
tive patients (mean age 68 years) treated with AP between 1990 and 1998,
and compared their survival to that of a subgroup of consecutive patients
(mean age 67 years) treated pharmacologically for AF in the same institu-
tion, and with another subgroup (control) made up of Minnesota residents
matched for age and gender. Mean follow up was 37 months and total mor-
tality rate was 22%. The survival curve for the AP group was significantly
worse than that of the control group (general population) (P < 0.001), while
it was similar to that of the patients treated pharmacologically (P = 0.044).
Factors predicting death, without which the observed survival would have
been similar to that of the control population, were found to be history of
previous myocardial infarction (P < 0.001), congestive heart failure (P =
0.02), and treatment w ith cardiac drugs after ablat ion (P = 0.03).
Notwithstanding the limitation due to the retrospective nature of the study,
the authors concluded that control of the ventricular rate and symptoms
improvement in patients undergoing AP therapy did not influence negatively
the prognosis and that AP was at least as safe as the traditional pharmaco-
logical treatment for AF.

Our study population consisted of 103 consecutive patients who under-
went AP in our unit from January 1, 1994 to December 31, 1998 for atrial
tachyarrhythmias (mean age 67 ±1 0 years; 45 males); 61% had a docu-
mented organic heart disease (14% ischaemic heart disease). At the time of
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the AP procedure, 13.6% of the patients were in NYHA III or IV functional
class, and 14.6% had a ≤ 40% ejection fraction (EF). In terms of type of
arrhythmia, AF was present in 81 patients (79%) – paroxysmal in 23%, and
chronic in 56% of these patients. The indications for AP in the remaining 22
patients (21%) were atypical atrial flutter or atrial tachycardia (Table 1).
Mean follow-up was 56 ± 23 months - one patient with valvular heart disease
and EF 40%, experienced sudden death 17 months after AF. During follow-
up, the study population showed a gradual and persistent clinical improve-
ment; only 4.8% of the patients were in NYHA III or IV functional class at
the last follow-up (Table 2, Fig. 1).
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Table 1. Clinical characteristics at the moment of enrolment, of patients with atrial
tachyarrhythmias treated with Ablate and Pace in Udine and Vicenza hospitals
between 1994 and 1998

Total patients Alive patients Dead patients 
(n = 103) (n = 86) (n = 17)

Sex
Male 57 47 10
Female 83 70 13

Age when treated (years) 67 ± 10 66 ± 10 71 ± 9
Ischaemic heart disease 18 15 3
Dilated cardiomyopathy 20 13 7
Valvular heart disease 29 25 4
Hypertension 14 11 3
Hypertrophic cardiomyopathy 4 4 0
Congenital heart disease 2 2 0
No heart disease 53 47 6
Ejection fraction

> 50% 88 80 8
40–50% 29 19 10
< 40% 33 18 5

NYHA class
I 91 75 16
II 35 30 5
III 12 10 2
IV 2 2 0

Type of arrhythmia
Paroxysmal atrial fibrillation 47 43 4
Chronic atrial fibrillation 57 43 14
Paroxysmal atrial flutter 14 12 2
Chronic atrial flutter 2 2 0
Paroxysmal atrial tachycardia 6 5 1
Sinus dysfunction 14 12 2

No. antiarrhythmic drugs 2.3 ± 2.0 2.5 ± 2.1 1.8 ± 1.4
Implanted PM type

VVIR 74 56 18
DDDR 66 61 5
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Table 2. Events during the follow-up period in patients with atrial tachyarrhythmias
treated with Ablate and Pace in Udine and Vicenza hospitals between 1994 and 1998

Total patients Alive patients Dead patients 
(n = 103) (n = 86) (n = 17)

Follow-up (months) 56 ± 23 55 ± 22 27 ± 18
Mortality
(months from treatment) 27 ± 16 27 ± 16

Cause of death
Heart failure 2 2
Sudden death 1 1
Other 9 9
Unknown 11 11

Ventricular fibrillation 2 1 -
Admission for heart failure 21 18 3
Heart transplantation 3 3 -

NYHA class
I 80 68 12
II 18 14 4
III 5 4 1
IV 0 0 0

Drugs
Oral anticoagulant (OA) 73 60 13
Antiaggregation (AG) 16 16 0
No therapy AO/AG 14 10 4

Fig. 1. Event-free survival from total mortality, cardiac arrest, heart failure in patients
with or without heart disease after Ablate and Pace 



Comments on the AP Therapy

As demonstrated by observational and randomised studies [3, 5–7] and a
recent meta-analysis [2], AP therapy in patients with highly symptomatic or
medically refractory AF results in significant short-term and medium-term
improvement of the QOL main indicators, a reduction in hospital admis-
sions, a decrease in AF-related symptoms, an increase in left ventricular
function, especially in patients with reduced EF, and an increased exercise
tolerance [1, 8]. These results are likely due to heart rate control and normal-
isation with the PM and, probably, to the reduction of the negative effects of
the cardioactive drugs, such as the proarrhythmic or negative inotropic
ones. In analysing the results obtained with AP therapy, it should be noted
that the majority of patients presented with a major heart disease, decreased
left ventricular function, a clearly enlarged left atrium, and advanced age
(mean 65–70 years).

There are, however, some negative aspects to be considered, such as life-
long dependency on the PM, the nonphysiologic, electrically induced cardiac
activation (right ventricular apical pre-excitation), and both the absence of
preventive effects in terms of paroxysmal AF attacks and the evolution
toward chronic AF due to the commonly used PMs without dedicate pacing
algorithms. Moreover, a recent sub-analysis of the PA study [4] showed a sig-
nificant increase in AF burden after AP therapy in patients with paroxysmal
AF in spite of continued antiarrhythmic pharmacological therapy [9]. This
increase has been attributed to the loss of AV and/or interventricular syn-
chronism and to the subsequent increase in atrial wall stress, and to a neu-
roendocrine negative balance. Also, this study observed a slight reduction in
fractional shortening in patient with a baseline value > 30% (from 39.4 to
36.4%), while in subjects with baseline values ≤ 30% before AP therapy this
parameter registered a significant increase (from 27 to 33.6%).

Patients with idiopatic tachyarrhythmias showed favourable survival
rates compared to those with congestive heart failure, previous myocardial
infarction and need for cardioactive drug therapy. Mortality in this group of
patients was, however, comparable to that of subjects with less severe AF
treated only with pharmacological therapy.

The rate of sudden death seemed to be rather low both in the short-term
and long-term, and mostly due to the underlying heart disease rather than
the AP procedure.

In our study, the results obtained with AP remain favourable even in the
long-term (mean follow-up 52 months), as demonstrated by a persistently
good functional class in most of the patients and the reduced number of
admissions for heart failure. The long-term complications due to cardiac
pacing appear to be negligible.
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Electrical Isolation/Disconnection of the Pulmonary Veins

The evidence that paroxysmal AF (PAF) in patients without heart disease or
with minor structural alterations, originates, most of the time, in the PVs has
opened a new era in the non-pharmacological treatment of AF [10, 11].
Increasingly numerous studies have shown that PAF attacks can be eliminat-
ed by suppressing the extra-systolic atrial triggers by RF ablation inside the
PVs or by disconnecting these veins electrically by RF at the atriopulmonary
junction [10, 11]. In the first case, the procedures were characterised by very
long mapping times and a noticeable rate of PV stenosis, whereas in the sec-
ond case the main endpoint used was the empirical elimination of all the
electrical potentials inside each PV, obtained primarily during sinus rhythm
or during right ventricle and coronary sinus pacing [12–15]. At the present,
this procedure, defined as electrical disconnection of the PVs, is considered
the most effective because it blocks, both at the entrance and at the exit, the
venous impulses that could be responsible for the initiation and persistence
of the AF.

Several mechanisms have been hypothesised to explain the clinical effec-
tiveness of the electrical disconnection [16]: (1) formation of a complete,
total-depth circumferential lesion with interruption of the veno-atrial con-
necting muscle; (2) partial damage of the veno-atrial junction fibres to make
both the activation, due to an intra-venous arrhythmogenic focus, and its
propagation to the adjacent atrial muscle more difficult; (3) interruption at
the junction level of the re-entry pathways that initiate or maintain AF; (4)
interruption of the rotors or other arrhythmogenic foci located in the left
atrial posterior wall; (5) interruption/modification of the fibres and
parasympathetic ganglia situated at the PV ostia, considered decisive in the
AF pathogenesis in apparently healthy hearts [17]. The presumption is that
the achievement of points 3 and 4 is the reason for the operative successes
reported with peri-venous circumferential ablation techniques performed on
larger areas.

Short-Term Results

In patients with PAF, the rate of clinical success with RF ablation aimed at
atriopulmonary junction electrical disconnection varied between 60 and
80% according to the data reported by the most important laboratories
(Table 3). Often, however, it is necessary to perform multiple procedures for
late AF recurrences, which occur in 6–54% of patients after 30–60 days from
the first procedure. Early recurrences could be due to a local, transitory pro-
arrhythmic irritation. In 10% of patients with late recurrences, there can be
an improvement of symptoms by using anti-arrhythmic drugs previously
considered ineffective. In this case, the class 1C drugs best extend the RF
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ablation effectiveness, because, acting on the sodium channels, they decrease
even further the already compromised conduction at the atriopulmonary
junction and modify favourably the atrial substrate.

In a small number of patients it is also necessary to eliminate arrhythmo-
genic foci located outside the PVs. In 4–11% of such cases triggers can be
found inside the superior vena cava, while in an other 10–15% AF can origi-
nate in the coronary sinus, near the crista terminalis in the right atrial poste-
rior wall or in Marshall’s vein. The electrical isolation of these structures
increases the ablation efficacy by another 10–20% [18]. It must be remem-
bered that most of the patients treated had idiopathic AF, preserved left ven-
tricular function, and left atrial dimension at the upper limits of normal or
only slightly elevated.

In patients with persistent or permanent AF, PV disconnection alone
resulted in a significantly lower rates of success (40%) [13, 14]. In these
cases, the complexities of the anatomofunctional substrate required the cre-
ation of other lesion lines to reduce the critical electrical mass. Additional
lines between the lateral mitral ring and the left inferior PV or between the
right superior and the left superior PVs, in concomitance with RF delivery
inside the coronary sinus to obtain a conduction block at the level of the lat-
eral mitral isthmus, can increase the rate of success to 60–80% depending on
the study and the use of anti-arrhythmic drugs.

The Mayo Clinic group analysed the clinical-instrumental factors capable
of predicting the efficacy of the PV electrical disconnection [19]. Paroxysmal
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Table 3. Outcomes of ablation of paroxysmal atrial fibrillation  

Author N. of No AA drugs AA drugs Follow-up 
patients N° % N° % (months)

Haïssaguerre [10] 45 28 62 NA NA 8 ± 6

Chen [11] 79 68 86 10 13 6 ± 2

Pappone [14] 179/251 148 83 4 2 10 ± 5

Gerstenfeld 41 29 70 6 15 9 ± 2

Macle/Haïssaguerre 136 90 66 20 15 9 ± 5

Marrouche 102/190 96 94 4 4 9 ± 3

Oral/Morady 58/70 41 70 NA NA 5 ± 3

Magrum/Haines 64 42 66 NA NA 13 ± 7

Deisenhofer 75 38 51 NA NA 230 ± 133

Packer [19] 203 104 70 15 10 15 ± 5

AA Anti-arrhythmic



AF, AF duration, the adjunctive creation of the conduction block at the
cavotricuspid isthmus level, the use of intracardiac echography and, to a
lesser degree, the normal size of the left ventricle were all associated, in a
univariate analysis, with significant control of AF recurrences.

The success of the electrical disconnection, however, must take into
account the risk of complications related to the procedure [10–20]. These
include PV stenosis, with an incidence of between 2 and 40% depending on
the various experiences and the severity of the disease, cardiac tamponade
(1–3%), damage to the phrenic nerve (1.2%), cerebral emboli (1–3%), and
severe bradycardia (1%). The rate strictly dependent on the experience of
each centre, and on the techniques used (cooled-tip catheters, RF delivery
outside the PV ostium, nonfluoroscopic mapping systems, intracardiac
echography). Intracardiac echography allows real-time monitoring of the
position of the ablating and mapping catheters, and of the formation of
microbubbles indicating parietal damage.

Intermediate-Term Results

A clear evaluation of the clinical efficacy of PV electrical disconnection as a
definite treatment requires studies that compare this approach to the best
pharmacological, electrical, and traditional ablative (AP) therapies. At pre-
sent, only few studies have done so. Pappone et al. [20] compared the clinical
outcomes of 589 patients undergoing circumferential PV ablation with elec-
tro-anatomic mapping to those of 582 patients treated with drugs. The sub-
jects in the first group showed a higher survival rate, a decrease in co-mor-
bidities such as cardiac insufficiency and cerebrovascular accidents, and a
reduction in recurring AF. An improvement in QOL was also observed in a
subgroup treated with ablation, a finding also confirmed by a recent experi-
ence at the Mayo Clinic.

Most authors, however, still feel the need for a large-scale validation of
the ablation therapy and an evaluation of its economic impact.

Conclusions

At present, AP therapy in patients with paroxysmal or permanent drug
refractory AF constitutes a valid alternative in the presence of major heart
disease, advanced age (> 70 years), significant left atrial dilatation, impor-
tant co-morbidities, and patient’s preference. The high short-term success
rates (95–100%), low complication rates, low incidence of sudden death (<
2%/year), the favourable comparison with a matching population, and the
positive data regarding improvement in QOL suggest the validity of this
therapeutic strategy in specific subgroups of patients [21].
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Therapy based on PV electrical disconnection and RF suppression of
extravenous arrythmogenic foci is undoubtedly a fascinating solution from
the physiopathologic viewpoint. The short-term result obtained in selected
patients with idiopathic AF or minor heart disease look promising, even if
limited to high-level laboratories dedicated to such therapy. There is a need
for randomised studies to rigorously evaluate the long-term effects of this
therapy.
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HEREDITARY ARRHYTHMOGENIC SYNDROMES



Fever and Other Precipitants of Ventricular Arrhythmias in

Brugada Syndrome: Do We Know How They Act?

F. NACCARELLA1, C. LIYING2,5, L. SHUZHENG2, S. SDRINGOLA MARANGA3, G. LEPERA1,
F. IACHETTI1, G. NACCARELLI4, D. CORRADO6, A. RAMPAZZO6, A. NAVA6, C. FELICANI1,
S. DEPADOA1

Introduction

More than 90% of sudden cardiac deaths (SCD) occur in patients with a
known or previously unrecognised pre-existing coronary artery disease
(CAD) or cardiomyopathy. It has become evident that SCD occurs, with suffi-
cient frequency, in patients with an apparently normal heart, and ventricular
fibrillation (VF) may represent the first clinical sign of structural heart dis-
ease that becomes manifest, only several years later, among survivors.
Different causes of SCD have been documented, mainly by genetic screening
and a more accurate clinical evaluation of the group of patients suffering
from so-called idiopathic VF (IVF) [1–26].

Brugada syndrome [1, 5, 10, 14–16, 21–25] has been clearly shown to be
one of the most frequent causes of SCD in this context, and should be differ-
entiated from other clinical conditions or cardiac diseases [7, 13, 19, 20, 22,
26]. The purpose of the present article is: (1) to clarify the ionic alterations
and electrophysiological mechanisms, underlying Brugada syndrome; (2) to
verify the importance of triggering factors detected by ECG and clinical
events; (3) discuss the long-term outcomes of Brugada syndrome patients
and their family members.

1Cardiology Department, Azienda USL Città di Bologna, Bologna, Italy; 2Cardiology
Department, An Zhen Hospital, Beijing, China; 3Cardiology Division, Hermann
Memorial Hospital, Houston, TX USA; 4NASPE-Heart Rhy thm Association
International Fellowship, Bologna, Italy; 5Hershey Medical School, Hershey, PA, USA;
6Istituto di Cardiologia, Facoltà di Medicina, Università di Padova, Padua, Italy



From Idiopathic Ventricular Fibrillation to Different Genetically

Determined Arrhythmic Syndromes

The 1997 Consensus conference clearly defined the diagnostic requirements,
– non-invasive and invasive, mandatory, highly recommended or elective –
to evaluate patients surviving a cardiac arrest and their family members. In
the wide group of IVF patients, Brugada syndrome is, today, clearly identifi-
able [1, 5, 10, 14–16, 21–25]. Importantly, confounding factor/s, that could
account for the ECG abnormality or syncope should be carefully excluded,
including atypical right bundle-branch block, left ventricular hypertrophy,
early repolarisation, acute pericarditis, acute myocardial ischaemia/infarc-
tion, pulmonary embolism, Prinzmetal angina, dissecting aortic aneurysm,
various central and autonomic nervous system abnormalities, Duchenne
muscular dystrophy, thiamine deficiency, hyperkalaemia, hypercalcaemia,
ARVDC, pectus excavatum, hypothermia, and mechanical compression of the
right ventricular outflow tract (RVOT), such as occurs in mediastinal
tumours or haemopericardium [1, 5, 10, 14–16, 21–25].

Brugada syndrome is inherited via an autosomal dominant mode of
transmission. The first and only gene to be linked to Brugada syndrome is
SCN5A, which encodes the alpha subunits of the sodium-channel. More than
80 mutations in SCN5A have been found, and more than 24 of them result in
loss of function due to: failure of the sodium channel to express a shift in the
voltage and time dependence of sodium channel current activation, inactiva-
tion, or reactivation; entry of the sodium channel into an intermediate state
of inactivation from which it recovers more slowly; or accelerated inactiva-
tion of the sodium channel [5, 10]. A higher incidence of SCN5A mutations
has been reported in familial than in sporadic cases [5, 10, 23–25].

A second locus on chromosome 3, close to but distinct from the SCN5A
locus, was recently found and is associated with a relative benign prognosis.
SCN5A mutations account for 18–30% of Brugada syndrome cases, implying
that, in the remaining cases, mutations in other genes cause the disease.

Antzelevitch made the most important contribution to the understanding
of the ionic changes in Brugada syndrome. Ventricular epicardial and M-cell,
but not endocardial cell, action potentials display a large phase 1, due to the
presence of a predominant transient outward current (Ito), giving rise to a
spike-and-dome or notched configuration of the action potential. Important
differences also exist in the magnitude of Ito between right and left ventricu-
lar epicardial and M-cells, with right ventricular cells displaying a much
greater Ito. These transmural ion channel distinctions lead to a differential
response of the epicardium and endocardium to sodium channel block, IKATP

activation, and hypercalcaemia. Heterogeneous loss of the action potential
dome, within epicardium and between epicardium and endocardium, accen-
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tuates local epicardial as well as transmural dispersion of repolarisation,
thus creating a vulnerable window within the epicardium and across the
ventricular wall [5, 6–9, 10].

The ECG J-wave, or Osborn-wave, has long been recognised as pathogno-
monic of hypothermia or hypercalcaemia [4, 8]. In fact, the decrease in tem-
perature has been shown to accentuate this transmural voltage gradient, thus
increasing the amplitude of the J-wave. This effect is due to differences in the
Q10 for the kinetics of ICa and Ito. A greater cooling induces a more evident
slowing of ICa activation or Ito activation. Similarly, in Brugada syndrome,
IKATP activation or inhibition of INa and ICa are involved, resulting in a
markedly abbreviated response in some areas of the epicardium [4–9].
Agents that block Ito, such as quinidine, restore the epicardial action poten-
tial and normalise the ST segment. Furthermore, a lower density of Ito in the
female heart has been shown. This correlates with a lower propensity of
female hearts to develop Brugada syndrome, despite equal transmission of
the mutation in both sexes [5, 7].

Conversely, it has been demonstrated that premature inactivation of the
sodium channel due to SCN5A mutation is a function of body temperature.
Thus, several authors have suggested that a febrile condition could unmask
Brugada syndrome and precipitate serious arrhythmic events [5, 7, 17].

Drugs Affecting STT Pattern and Mimicking Brugada Syndrome

Several drugs are able to induce Brugada-like ECG patterns, and discontinu-
ation of these drugs is associated with reversal of the previously observed
pattern. Even shortly after a direct current cardioversion, a Brugada-like pat-
tern has been observed for several hours. The largest experience has been
obtained with sodium channel blockers, which are used also as a provocative
test [5, 21], and with psychotropic drugs, mainly tricyclic antidepressants [5,
18], which should be carefully administered and accurately monitored. At
present time, it is not known whether some individuals are gene carriers for
Brugada syndrome. Thus, the following families of drug should be carefully
used:
1. Antiarrhythmic drugs, mainly sodium channel blockers, such as class IC

drugs (flecainide, pilsicainide, propafenone), class IA drugs (ajmaline,
procainamide, disopyramide, cibenzoline), calcium channel blockers
(verapamil), beta-blockers (propranolol mainly, but also the others at
toxic doses).

2. Antianginal drugs, such as calcium channel blockers (nifedipine, dilti-
azem, etc.), nitrates (isosorbide dinitrate, nitroglycerine), potassium
channel openers (nicorandil and other analogues).

293Fever and Other Precipitants of Ventricular Arrhythmias in Brugada Syndrome



3. Psychotropic drugs, such as tricyclic antidepressant (amitriptyline, nor-
triptyline, desipramine, clomipramine and analogues), tetracyclic antide-
pressant (maprotiline), phenotiazine (perphenazine, cyamemazine),
selective serotonin reuptake inhibitors (fluoxetine).

4. Other drugs, such as dimenhydrinate, cocaine, alcohol intoxication.

Factors Triggering of Arrhythmic Events

The ECG manifestations of congenital Brugada syndrome are often con-
cealed, but can be unmasked or modulated by sodium channel blockers, a
febrile state, vagotonic agents, vagotonic manoeuvres, and several other
stimuli. Moreover, alpha-adrenergic agonists, beta-adrenergic blockers, tri-
cyclic or tetracyclic antidepressants, a combination of glucose and insulin,
hyperkalaemia, hypokalaemia, hypercalcaemia, alone or in combination, can
be responsible as triggering factors (TF) of arrhythmic events. Alcohol and
cocaine toxicity has been reported as a TF [5]. These agents may also induce
acquired forms of Brugada syndrome. Superimposed acute myocardial
ischaemia can mimic ST-segment elevation similar to that in Brugada syn-
drome. This effect is due to a depression of the calcium channel current (ICa)
and activation of the ATP-sensitive potassium channel current (IKATP) during
ischaemia. This suggests that patients with congenital and acquired forms of
Brugada syndrome are at higher risk for ischaemia-related SCD (5). VF and
SCD [5] usually occur at rest, post-exercise, and at night, as confirmed by the
circadian pattern of 64 VF episodes in 19 sudden unexplained nocturnal
death syndrome (SUNDS) patients treated with ICDs. Circadian variation of
sympathovagal balance hormones and other metabolic factors are likely to
contribute to this circadian pattern. Bradycardia, resulting from altered auto-
nomic balance, drugs, or an association of factors may contribute to the ini-
tiation of arrhythmias in these subjects, in whom a myocardial presynaptic
sympathetic dysfunction has been demonstrated. Even the RVOT could be
similarly affected by a sympathovagal imbalance, as shown by the difficulty
in demonstrating local innervation in these areas or by the presence of
localised zones of primary or secondary myocardial dysfunction (Figs. 1, 2).

Hypokalaemia has been implicated as a contributing factor in Brugada
syndrome, mainly in Asia, specifically Thailand, where potassium deficiency
is endemic. Furthermore, it was noted that many SUNDS victims had con-
sumed large meals of glutinous (sticky) rice or carbohydrates for dinner
before the night of death. In fact, glucose and insulin infusion could unmask
the Brugada ECG.

Furthermore, Dumaine and other authors demonstrated that sodium
channel inactivation can be observed with both low (< 30°C) and high 
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Fig. 1. Predisposing factors for ECG and arrhythmic manifestations of Brugada syn-
drome (modified from [5])

Fig. 2. Predisposing factors for ECG and arrhythmic manifestations of acquired vs con-
genital long QT and other catecholaminergic arrhythmic syndromes (modified from
[27])



(> 38°C) temperatures. While in humans severe hypothermia is rare, febrile
states are very frequent and could unmask Brugada syndrome and precipi-
tate VF. Even hot baths and hot climates, as in North-Eastern Thailand, have
been claimed as precipitating factors [5].

Risk Stratification and Outcomes

Risk stratification is still the most important goal of Brugada syndrome
researchers worldwide [1–5, 23–26]. Patients initially presenting with abort-
ed SD, are at the highest risk for a recurrence (from 69% at 54 ± 54 months
of observation of Brugada syndrome symptoms [5] to 26% at 22 ± 24
months, as in our own patient population) [26].

Patients presenting with syncope and a spontaneously appearing type-1
ECG have a recurrence rate of 19% at 26 ± 36 months of follow-up. An 8%
occurrence of cardiac events was observed in initially asymptomatic
patients. Priori presented different data [5] in a less selected patient popula-
tion, as did Eckardt recently [23]. Our data are more similar to those of
Brugada, since probably a more selected population was followed-up, includ-
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Table 1. Brugada syndrome: predisposing factors and prognostic outcomes (modified
from Behlassen)

Aggravating factors:
Sodium channels blockers (flecainide > ajmaline > procainamide)
Increased vagal tone (night time) or post-exercise, post-emotional, during 
venous puncture increased vagal tone
Extreme beta-adrenergic blockade
Hypercalcaemia, hypokalaemia and association of:
Gender-related unknown or partially known factors (a more prominent Ito 
in men vs women
General anaesthesia and surgery
Tricyclic antidepressant
Other drugs
Fever (accelerated inactivation of sodium channels)
Strong family history of sudden death
Coved-type pattern in the rest ECG
Syncopal episodes
Racial factor?

Improving factors:
Moderate non-competitive exercise
Beta-adrenergic stimulation (non-clinically useful)
Demonstrated quinidine sulfate administration in any given patient
No family history of sudden death
Saddleback-type pattern in the rest ECG



ing many families with a striking evidence of cardiac arrest and SCD occur-
ring early in life [25].

Asymptomatic patients, at highest risk are most likely those who show
type 1 ECG spontaneously, those with syncope, those with the coved type
versus the saddleback type of ST-segment elevation, and those with a family
history of cardiac arrest.

Combined ECG markers such as the width of the S-wave and ST-segment
elevation magnitude, may be helpful in risk stratification. Other groups
showed that combined ST-segment elevation and the presence of late poten-
tials could be diagnostically useful, but the value of these combined markers
remains to be tested in a prospective fashion. Data from Brugada, Corrado,
and our group (Tables 2, 3) suggest that, both among symptomatic and
asymptomatic patients, the inducibility of VT/VF during programmed elec-
trical stimulation (PES) may forecast risk. However, Priori and Eckardt did
not find an association between inducibility and recurrence of VT/VF [5, 23].
These differences could be due to selection bias of isolated cases versus cases
with a family distribution and to non-comparable stimulation protocols.

Conclusions

In conclusion, patients at the highest risk are those who already experienced
aborted SCD and those with a spontaneously abnormal type 1 ECG, even
without syncope but mainly those with true syncope [1, 5, 23, 26].

Men have a 5.5-fold higher risk of SCD than women [1, 5, 23, 25].
Furthermore, recent information confirmed that a negative family history
does not exclude the risk of SCD [5], while patients with an evident family
distribution of SCD seem to be at higher risk [5, 24, 25].

Many old and new drugs should be avoided in Brugada patients, while
patients on these therapies who show a Brugada-like ECG should be careful-
ly evaluated and monitored.

Electrolytes imbalance should be monitored and general anaesthesia should
be performed under strict control during surgery in these subjects [16].

Vagal manoeuvres, vagal stimuli, and bradycardia itself could be TF of
serious events distinct from other arrhythmic syndromes, such as some
forms of congenital or acquired long QT syndromes [7]; short QT syndrome
[19]; familial polymorphic ventricular tachycardia; catecholaminergic VT
with normal QT interval, secondary to cardiac ryanodine receptor-calcium
release channel mutations [20, 22]; and arrhythmogenic right ventricular
dysplasia (ARVDC) [2]. In all of these conditions, sympathetic tone, alone or
in combination with other factors, is considered the most important TF of
arrhythmic events (Fig. 2).
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Hypokalaemia resulting from other electrolytic disorders or the use of
certain drugs should be carefully controlled.

Stress testing in not useful in Brugada syndrome, unless for arrhythmias
occurring in the post-exercise and recovery phases, when vagal tone is pre-
dominant or when the imbalance favours parasympathetic over sympathetic
tone. Sports activities are not allowed for subjects with clearly diagnosed
Brugada syndrome or for those with drug-induced abnormalities after
provocative testing, even in asymptomatic subjects. Conversely, stress test
and provocative manoeuvres are particularly useful and, sometimes even
more useful than PES, in so-called catecholaminergic precipitated ventricu-
lar arrhythmias and in other arrhythmic syndromes, such as those men-
tioned above.

Twelve-lead 24-h serial Holter monitorings are more useful to assess the
spontaneous variability of ST T-segment elevation, in addition to a more
prominent ST T-segment elevation (coved) and bradycardia, the occurrence of
non-sustained or sustained ventricular arrhythmias, and, not infrequently, atri-
al fibrillation or flutter. Concomitant complicating factors which are not suffi-
ciently investigated at the time of the event may be difficult to identify later.
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Drug Challenge in Brugada Syndrome: How Valuable Is It?

T. WICHTER, E. SCHULZE-BAHR, M. PAUL, G. BREITHARDT, L. ECKARDT

Introduction

Since its introduction as a clinical entity in 1992 [1], Brugada syndrome has
been the focus of increasing interest as a relevant cause of syncope and sud-
den cardiac death in young and otherwise healthy subjects without structur-
al heart disease.

The disease is characterised by ST-segment elevation in the right precor-
dial surface ECG leads and a high incidence of otherwise unexplained syn-
cope, polymorphic ventricular tachycardia, and sudden death in patients
with structurally normal hearts. The disease is predominant in males and
manifests in adolescence or early adulthood, with a mean age of approxi-
mately 40 years at the time of sudden death. Brugada syndrome is estimated
to be responsible for up to 4% of all sudden deaths and 20% of sudden
deaths in patients with structurally normal hearts. The true prevalence of
Brugada syndrome in the general population is unknown and difficult to
estimate, because ECG features may be subtle, concealed, or transient.

The disease is endemic in Southeast Asia, where ECG findings diagnostic
for Brugada syndrome (type-1 ECG) were reported in up to 12/10 000
inhabitants and non-diagnostic ECG findings (type-2 and type-3 ECG) in
58/10 000 individuals [2]. In European and North American populations,
Brugada syndrome and Brugada-type ECG findings are much less prevalent
(approx. 5/10 000 inhabitants).

University Hospital and Medical School of Münster, Department of Cardiology and
Angiology, Münster, Germany



Diagnostic Criteria

Diagnostic criteria of Brugada syndrome were recently proposed and sum-
marised in a consensus document endorsed by the Heart Rhythm Society
and the European Heart Rhythm Association [3]. The diagnosis is made in
the presence of typical ECG manifestations in conjunction with clinical fea-
tures, such as documented ventricular fibrillation (VF), polymorphic ven-
tricular tachycardia (VT), unexplained syncope, a family history of sudden
cardiac death at < 45 years, coved-type ECGs in family members, inducibili-
ty of VT/VF during programmed electrical stimulation, or nocturnal agonal
respiration.

ECG Manifestations

In Brugada syndrome, type-1 ECG is characterised by a coved ST-segment
elevation ≥ 2 mm (0.2 mV) followed by a negative T-wave in the right precor-
dial ECG leads (V1–V3). Type-2 ST-segment elevation has a saddle-back
appearance with a high take-off ST-segment elevation of ≥ 2 mm, a trough
displaying ≥ 1 mm ST elevation, and then either a positive or biphasic T-
wave (Fig. 1). Type-3 ECG shows either a saddle-back or coved ST-segment
elevation of < 1 mm.
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Fig. 1. 12-lead surface
ECG demonstrating
the dynamic transition
of type-2 ECG (saddle-
back type) to type-1
ST-segment elevation
(‘coved-type’) in the
right precordial leads
during drug challenge
with intravenous ajma-
line in a patient with
Brugada syndrome



Type 1 ECG is diagnostic for Brugada syndrome if it occurs spontaneous-
ly or after provocation with sodium channel blockers, vagotonic agents, or
during febrile states. One or more of the above clinical criteria should also be
present. Type 2 and type 3 ECG patterns are not diagnostic of Brugada syn-
drome unless then can be converted to a type-1 ECG after administration of
sodium channel blockers. Conversion of type-3 to type-2 ST-segment eleva-
tion by drug challenge is considered inconclusive for the diagnosis of
Brugada syndrome [3].

Pathophysiology of ECG Features

The ECG characteristics of Brugada syndrome are considered to result from
an amplification of heterogeneities in the early phases of the action potential
of cells residing in different transmural layers of the right ventricular wall.

A spike and dome (notch) morphology in epicardial (but not endocar-
dial) layers mediated by transient outward current (Ito) creates a transmural
voltage gradient responsible for the J-wave in the surface ECG. Accentuation
of the action potential notch in the right ventricular epicardium due to
rebalancing of currents active at the end of phase 1 is considered responsible
for the augmented J-wave and ST-segment elevation in Brugada syndrome
[4]. Pathophysiological conditions (fever, abnormal vagotonus) or inhibition
of the sodium channel current (INa) with drugs such as ajmaline, flecainide,
or procainamide result in further accentuation of the action potential notch
and subsequent exaggeration of the J-wave and ST-segment elevation. The
resulting transmural dispersion of repolarisation and refractoriness creates
an arrhythmogenic substrate. Premature ventricular extrasystoles occurring
during a ‘vulnerable window’ may then trigger circus movement reentry,
ultimately leading to polymorphic VT, VF, and sudden death.

Spontaneous ECG Variations

It is well known that ECG features of Brugada syndrome may show consider-
able variations over time. Type-1 ST-segment elevation may not be present at
all recorded ECGs but may change to type-2 or type-3 findings, or may even
normalise completely [5]. The transient appearance of diagnostic ECG find-
ings hampers the estimation of disease prevalence, the diagnostic accuracy,
and risk stratification in Brugada syndrome, with important impact for
patient management. In that respect, all available previous ECGs should be
reviewed when Brugada syndrome is suspected. In addition, the sensitivity
of ECG diagnosis may be enhanced when recording the right precordial
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leads in the second or third intercostals space instead of standard lead posi-
tions (fourth intercostal space) with or without the use of body surface
potential mapping and or additional drug challenge [6].

Modulation of ECG Features

A variety of conditions and drugs may modulate the ECG features of
Brugada syndrome [7]. Adrenergic stimulation (i.e. tachycardia, isopro-
terenol), parasympathetic blockers (i.e. atropine), and inhibition of the Ito

current (i.e. quinidine) diminish ST-segment elevation.
In contrast, ECG features of Brugada syndrome are unmasked or aggra-

vated by increased body temperature (fever), hypokalemia, parasympathetic
stimulation (bradycardia, vagal triggers, edrophonium), sympathetic block-
ade (β-blockers, β-adrenergic blockers), inhibition of the INa current (i.e.
sodium channel blockers) and others. Autonomic dysfunction with
decreased adrenergic activity, potentially contributing to autonomic dysbal-
ance and increased net vagal tone, was recently confirmed by our group with
the use of quantitative radionuclide imaging (SPECT and PET) of presynap-
tic innervation [8, 9].

Unmasking of Brugada syndrome in response to drugs probably under-
lies a rebalancing of currents active at the end of phase 1 of the action poten-
tial. Vagotonic agents, IK-ATP activators and hypokalemia achieve this by
augmenting outward currents whereas sodium channel blockers, β-blockers,
cocaine, antidepressants, and antihistamines such as terfenadine likely
accomplish this by reducing inward currents [10, 11].

An augmentation of right precordial ST-elevation in Brugada syndrome
is related to the arrhythmogenesis and increases the likelihood of sponta-
neous life-threatening arrhythmias. This is supported by the observation of
marked ST-segment elevation just prior to or following the onset of poly-
morphic VT or VF. In addition, our studies with body surface potential map-
ping demonstrated that the area of ST-segment elevation correlates with the
inducibility of VT in the absence of drug provocation [12]. These effects
must be taken into consideration and several drugs that accelerate ST-seg-
ment elevation must be considered contraindicated in patients with Brugada
syndrome (Table 1) [3]. However, under appropriate conditions, sodium
channel blockers may be used as a diagnostic challenge to unmask typical
ECG features of Brugada syndrome [5].
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Drug Challenge in Brugada Syndrome

Drug challenge with intravenous administration sodium channel blockers
(Fig. 1) may be used for diagnostic evaluation and risk stratification in
patients with Brugada syndrome, patients with unexplained syncope or car-
diac arrest, or asymptomatic individuals with ECG findings suspicious for
Brugada syndrome. In addition, it may be helpful in the diagnostic assess-
ment of relatives of an index patient. Current indications for drug challenge
in Brugada syndrome are summarised in Table 2.
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Table 1. Drugs inducing Brugada-like ECG patterns (adapted from [3])

Antiarrhythmic drugs

1. Sodium channel blockers

Class IC drugs (ajmaline, flecainide, propafenone, pilsicainide)

Class IA drugs (ajmaline, procainamide, disopyramide)

2. Calcium channel blockers (verapamil)

3. Beta-blockers (propranolo, metoprolol, bisoprolol, etc.)

Antianginal drugs

1. Calcium channel blockers (nifedipine, diltiazem, etc.)

2. Nitrates (isosorbite dinitrate, isosorbite mononitrate, nitroglycerine)

3. Potassium channel openers (nicorandil)

Psychotropic drugs

1. Tricyclic antidepressants (amitryptiline, nortryptiline, desipramine, clomipramine)

2. Tetracyclic antidepressants (maprotiline)

3. Phenothiazine (perphenazine, cyamemazine)

4. Selective serotonin reuptake inhibitors (fluoxetine)

Other drugs and conditions

1. Dimenhydrinate

2. Cocaine intoxication

3. Alcohol intoxication

4. Febrile state

5. Vagotonic drugs and conditions



Diagnostic Impact

The importance of pharmacologic challenge in suspected Brugada syndrome
was indicated in several large series [13, 14], where 30–50% of patients
showed normal ECGs at baseline and the syndrome could only be diagnosed
after challenge with sodium channel blockers. In contrast, drug challenge is
generally not performed in patients with a diagnostic type-1 ECG under
baseline conditions, because of its limited additional diagnostic and prog-
nostic value and its potential for proarrhythmic adverse events [3].
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Table 2. Drug challenge in Brugada syndrome: proposed diagnostic protocol (modified
from [17])

Indications:
Aborted sudden death, polymorphic VT, or unexplained syncope in patients without
structural heart disease.
Family history of Brugada syndrome, sudden cardiac death and/or recurrent syncope of
unknown origin.
Suspicious non-diagnostic ECG in asymptomatic patients without structural heart dis-
ease.

Environment:
Patient in fasting, resting, and drug-free state.
Safe venous access, continuous 12-lead ECG recording, blood pressure monitoring.
Presence of physician with experience in intensive care medicine.
Advanced cardiopulmonary life-support facilities available including external defibril-
lator, intubation set and drugs (atropine, isoproterenol).

Drugs and dosages:
Ajmaline: 1 mg/kg over 10 min i.v.
Flecainide: 2 mg/kg (150 mg max.) over 10 min i.v.
Procainamide: 10 mg/kg over 10 min i.v.
Pilsicainide: 1 mg/kg over 10 min i.v.

Performance:
Fractionated slow intravenous drug administration up to target dose over 10 min.
Continuous ECG documentation at paper speed of 10 mm/s (one strip at 25 or 50 mm/s
every 2 min).
Patient and ECG supervision and monitoring until normalisation of the ECG.

Termination criteria:
Reached target dose.
QRS prolongation ≥ 130% of baseline.
Occurrence of type-1 ECG (J-point elevation or ST-segment elevation ≥2 mm in at least
one right precordial lead.
Occurrence of premature ventricular beats, ventricular tachycardia, sinus arrest or AV-
block (2nd or 3rd degree).



Because ECG changes may be transient, concealed, or absent at the time
of first evaluation of a patient with Brugada syndrome, pharmacologic chal-
lenge represents an important tool in the identification of affected patients
who are at potential risk of sudden death. Given that symptomatic patients at
first evaluation may have a negative ECG at baseline, a false negative
response to drug challenge may lead to underdiagnosis of Brugada syn-
drome. Therefore, the highest possible sensitivity and reproducibility of
sodium channel blocker administration for pharmacologic challenge are
warranted.

Hong et al. [15] recently reported the value of drug challenge with ajma-
line in 71 individuals representing four families with Brugada syndrome and
documented SCN5A mutations. The test was positive in 28 of 35 mutation
carriers and the penetrance of disease phenotype increased from 33 to 79%.
The sensitivity, specificity, and positive and negative predictive values were
80, 94, 93, and 83% respectively. Smits et al. [16] reported similar findings.
Drug challenge with sodium channel blockers did not differentiate between
patients with and without SCN5A mutation with regard to the magnitude of
the ST-segment elevation but showed a larger increase in QRS duration and
PQ intervals in SCN5A mutation carriers. Therefore, drug challenge may be
helpful in identifying mutation carriers by unmasking latent conduction
defects, as evidenced by prolonged HV intervals, PQ intervals, and QRS dura-
tions at baseline or after sodium channel blockade.

Our group previously reported the results of drug challenge with ajma-
line in 158 patients [17]. Overall, a positive test was found in 23% of the
patients, in 50% of patients with a suspicious pattern of the basal ECG, and
in 45% of patients with aborted sudden death and structurally normal
hearts. Nine out of 63 patients with syncope had a positive test, the majority
having a family history of unexplained sudden death and a suspicious ECG
at baseline. These data suggest that the test is highly effective in correctly
diagnosing the syndrome in patients with the strong suspicion of having a
primary electrical disease. Because of the prognostic implications, patients
with survived cardiac arrest and unexplained syncope in the absence of
structural heart disease should therefore undergo drug challenge for the
potential unmasking of Brugada syndrome.

However, the possibility of a positive drug challenge in individuals not
having the Brugada syndrome raises concern because of the potential thera-
peutic implications, i.e. in patients after unexplained syncope. In our previ-
ous study [17], only two of 94 patients with syncope and a normal ECG at
baseline had a positive ajmaline test. Whether these are false-positive tests or
very subtle manifestations of the disease will be clarified only when genetic
diagnosis becomes available. Currently, the diagnostic meaning and thera-
peutic impact of a positive test in such patients remains unclear.
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Prognostic Impact

Brugada et al. [13] reported that patients with an initial presentation of
resuscitated cardiac arrest carry the highest risk of life-threatening recur-
rences (69% at 54 ± 54 months of follow-up), followed by patients with syn-
cope and spontaneous type-1 ECG (19% at 26 ± 36 months of follow-up).
Similar results were found by others [14, 18], however with lower event rates.
While Brugada et al. [13] reported an 8% cardiac event rate in initially
asymptomatic patients, Priori et al. [14] reported event rates of approximate-
ly 4%, and Eckardt et al. [18] observed a cardiac event in only one of 123
(0.8%) patients that were asymptomatic at baseline.

According to Brugada et al. [13], among asymptomatic individuals with
Brugada-type ECG features, male patients with inducible VT or VF and spon-
taneous type-1 ECG appear to carry the highest risk. In contrast, patients in
whom ST-segment elevation occurred only after provocation with sodium
channel blockers appeared to be at minimal or no risk. Studies by others [14,
19] and by our own group [18] did not find a relationship between the
inducibility of VT or VF during programmed electrical stimulation and the
recurrence of VT or VF among either symptomatic or asymptomatic patients
with Brugada syndrome. This controversy may be due to differences in patient
selection, diagnostic criteria, and non-comparable or non-standardised stimu-
lation protocols [18, 20].

In a study involving 547 patients with Brugada syndrome but no history
of cardiac arrest [21], the risk of arrhythmic events in patients with a spon-
taneously abnormal type-1 ECG was 7.7-fold higher risk than in patients in
whom diagnostic type-1 ECG developed only after drug challenge. Male gen-
der and inducible sustained VT or VF were associated with a 5.5- and 8-fold
higher risk of sudden death, respectively. A positive family history was not
related to an adverse outcome when compared with sporadic cases of
Brugada syndrome. This correlates well with the findings of Smits et al. [16],
who did not observe differences in gender, age, family history, index event,
and inducibility of VT or VF in patients with or without the presence of
SCN5A mutations in Brugada syndrome.

In summary, drug challenge has a limited additional prognostic impact
within the risk stratification of patients with Brugada syndrome. According
to the current Consensus Report [3], symptomatic patients with type-1 ECG
at baseline or after drug challenge who present with aborted sudden death
should receive an ICD without additional need for electrophysiologic study
(class I recommendation). A similar approach applies for patients with syn-
cope, seizure, or nocturnal agonal respiration after exclusion of noncardiac
causes of these symptoms (class IIa). In asymptomatic patients, an electro-
physiologic study is recommended in patients with a spontaneous type-1
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ECG (class IIa) or in patients with drug-induced type-1 ECG and a positive
family history (class IIb). If VT or VF is inducible, the patient should receive
an ICD. Asymptomatic patients without a family history and who develop
type-1 ECG only after drug challenge should be closely followed [3]. This
concept, however, remains controversial due to limited data available from
controlled clinical trials or registries. It requires continuous update as more
data become available in the future.

Drugs and Dosages

Drug challenge in suspected Brugada syndrome may be performed by intra-
venous administration of class IC sodium channel blockers, such as ajmaline
(IA/IC), flecainide, propafenone, or pilsicainide. The class IA sodium channel
blockers procainamide and disopyramide have been used less frequently
because of their lesser potency to unmask the ECG characteristics of
Brugada syndrome. The recommended dosages and infusion rates are listed
in Table 2.

Intravenous ajmaline (1 mg/kg) has been reported as the most effective
and most sensitive drug to unmask Brugada-type ECG features (Fig. 1). Early
studies reported 100% sensitivity in selected patients [5]. In larger cohorts,
the sensitivity remained high, reaching up to 90%. Further advantages of the
drug include its short half-life, which allows short monitoring times after
intravenous administration for drug challenge. Unfortunately, the low price
and limited number of indications have led to withdrawal from the market in
the majority of countries. Therefore, sodium channel blockers other than
ajmaline are frequently used for drug challenge in Brugada syndrome.
However, flecainide and procainamide are both less effective and less sensi-
tive in unmasking Brugada syndrome and require longer monitoring due to
prolonged effect. The reproducibility of test results with ajmaline and fle-
cainide has been reported to be high [17, 22].

In a direct comparison of ajmaline and flecainide in 22 patients, the posi-
tive concordance of test results was 68%. Intravenous flecainide (2 mg/kg)
proved less effective and failed to unmask ECG signs of Brugada syndrome
produced with ajmaline (1 mg/kg) in seven of 22 patients (32%), despite
equivalent changes in QRS and PQ intervals, suggesting similar effects on
sodium channel current. Experimental studies in a canine model suggested
that the lesser effectiveness of flecainide largely results from its more potent
inhibition of Ito which counters the sodium-blocking effects of the drug [11].
Although the class IA drug procainamide produces does not block Ito at clin-
ically relevant drug concentrations, it has proved to be less potent than class
IC drugs (ajmaline, flecainide) in unmasking Brugada syndrome, probably
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because of a lower level of use-dependent sodium channel block [23].
An experimental model recently demonstrated that the combined block

of sodium (INa) and calcium (ICa) currents by class IC sodium channel block-
ers and verapamil may be even more effective in unmasking Brugada syn-
drome than sodium channel blockade alone [24]. The addition of verapamil
resulted in an enhancement of the effect of sodium channel blockers to cre-
ate the Brugada phenotype. Although this concept might improve the diag-
nostic sensitivity of the test, caution is warranted when extrapolating these
findings to clinical practice before appropriate studies provide confirmation
in humans with Brugada syndrome.

Adverse Events

The most relevant adverse effects of drug challenge in Brugada syndrome
relate to proarrhythmia. Nonsustained or sustained polymorphic VT or VF
may occur during the test. The arrhythmias may be symptomatic and even
life-threatening because they may range from frequent extrasystoles and
ventricular runs to polymorphic VT and cardiac arrest due to VF [17, 22].
These arrhythmias may be difficult to terminate after administration of
sodium channel blocking drugs. In addition, these drugs may provoke inces-
sant VT or VF (possibly by conduction slowing), which may be difficult or
impossible to terminate [25]. Therefore, when performing drug challenge in
Brugada syndrome, appropriate safety precautions must be ensured, and cri-
teria for termination of drug administration should be defined. Avoiding
drug overdose and respecting stopping criteria can effectively prevent proar-
rhythmic events during drug challenge in Brugada syndrome [17].

Standardised Protocol

To provide reproducible results and to avoid procedure-related complica-
tions and adverse events, pharmacological drug challenge in Brugada syn-
drome should follow a standardised protocol. Such a protocol has recently
been proposed by our group (Table 2) [17].

Drug challenge should be performed with the patient in a fasting, resting,
and drug-free state under continuous ECG monitoring (speed of 10 mm/s,
interposed with recordings at 25 or 50 mm/s at each dose step). The test
should only be performed in a setting fully equipped for resuscitation (defib-
rillation, emergency medication, intubation, mechanical ventilation) in the
presence of a physician with experience in intensive care medicine [3, 17].

Intravenous sodium channel blockers should be administered slowly and
with great caution according to recommended dosage and infusion rate
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(Table 2). In young and otherwise healthy individuals, the test may be per-
formed as a bedside procedure. Particular caution should be exercised in
patients with pre-existing conduction disturbance (atrial, ventricular, or
both) or in the presence of wide QRS, wide P waves, or prolonged PR inter-
vals in order to avoid complete AV block. In such patients, drug challenge
with sodium channel blocker may better be performed during an electro-
physiological study with temporary pacing electrodes in place to prevent
complications related to conduction block [3].

Drug challenge should be stopped when the diagnostic type-1 ECG devel-
ops, the type-2 ST-segment elevation increases by ≥ 2 mm, premature ven-
tricular beats or other arrhythmias occur, or when the QRS complex widens
to ≥ 130% of baseline. Following these safety rules, proarrhythmic or other
relevant complications are very unlikely and have rarely been observed.
However, in case arrhythmic complications do occur, isoproterenol and sodi-
um lactate may be effective antidotes to reverse the effect of sodium channel
blockers [3, 17].

Conclusions

In patients with structurally normal hearts and unexplained syncope or car-
diac arrest, Brugada syndrome is considered a frequent underlying condition.
In patients with suspected Brugada syndrome but inconclusive or normal
ECG findings at baseline, drug challenge with intravenous administration of
sodium channel blockers according to a standardised protocol is a powerful
tool to unmask diagnostic type-1 Brugada ECG features and thereby identify
patients at risk of sudden death. The additional impact of drug challenge in
the risk stratification algorithms of patients already diagnosed with Brugada
syndrome is less well-established and requires additional studies.
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Electrophysiologic Study in Brugada Syndrome:

More Questions Than Answers?

C. WOLPERT, C. ECHTERNACH, C. VELTMANN, R. SCHIMPF, M. BORGGREFE

Introduction

Brugada syndrome is an inherited arrhythmogenic disorder characterised by
typical ECG changes in the right precordial leads and an increased risk of
sudden cardiac death. Since the patient population is heterogeneous with
respect to family history, symptoms, and age, there is a major focus on diag-
nostics and risk stratification. The prognostic value of electrophysiologic
studies is controversial. Since the first reports on patients with Brugada syn-
drome, the data on outcome in this population at risk of sudden death has
changed towards a better prognosis for asymptomatic patients. An intensi-
fied screening process and the inclusion of more sporadic and asymptomatic
cases as well as younger patients is probably the main reason for this.
Whereas in early reports programmed stimulation played a major role in
risk prediction, in terms of a higher arrhythmia risk in the presence of
inducible VT/VF, recent reports have not always confirmed these results even
in larger patient populations. Therefore, the role of programmed stimulation
remains unclear.

Which Stimulation Protocol Should Be Performed in Patients with

Brugada Syndrome?

In the previous investigations, especially in multicentre studies, different
stimulation protocols in patients with Brugada syndrome were tested [1–11].
To compare the results of programmed electrical stimulation, the following
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protocol has been suggested: stimulation at two sites (right ventricular apex
and right ventricular outflow tract), three driving-cycle lengths (600, 430,
330) and 1, 2, or 3 premature extrastimuli with a minimum coupling interval
of 200 ms. Nonetheless, different protocols are currently in use. For example,
the driving-cycle lengths differ; some investigators use only 2 extrastimuli
and others reduce the last premature-stimulus cycle length until refractori-
ness. This renders results of programmed electrical stimulation less compa-
rable. Interestingly, when comparing the inducibility of sustained VT or VF
between groups using a minimum cycle length of 200 ms and groups that
stimulate until ventricular refractoriness, the overall amount of inducible
VT/VF remains quite constant. It is even more striking that, e.g. Eckardt et
al. [4] and our own group [unpublished data] found an overall VT/VF
inducibility in 28/41 (67%) and 21/31 patients (68%), respectively. These
results are comparable to those of other investigators who used a minimum
cycle length of 200 ms but obtained a VT/VF inducibility of only 36% [4],
and 31% (12/31) when restricting the coupling interval of the last extrastim-
ulus to a minimum of 200 ms. It would therefore be desirable to follow a
common protocol or to prospectively compare both protocols with respect to
their predictive power of arrhythmia risk.

Are the Results of Programmed Stimulation Reproducible?

Assuming a predictive value of VT/VF inducibility, a major question is
whether it is reproducible or whether there are different responses to pro-
grammed stimulation caused by various factors, such as vagal activity, sym-
pathetic activation, sedation, hormonal status, or chance, which may lead to
positive or negative results at different time points. Gasparini et al. [1]
addressed this question by administering repeated programmed electrical
stimulation in patients with Brugada syndrome. They demonstrated that the
results remained comparable from one EP study to the other in 82% of the
patients. Only the number of extrastimuli necessary for induction and the
coupling interval of the premature extrastimulus varied in some patients.
However, the authors also considered non-sustained VT between 6 and 30 s
as inducible, which limits interpretation of the results because most physi-
cians would consider this as non-inducible. Thus, it remains to be investigat-
ed in greater detail whether the results of programmed electrical stimulation
are reproducible, since, especially in a subgroup of symptomatic patients,
inducibility plays a major role in deciding whether to prophylactically
implant a defibrillator.
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Are Symptomatic Patients With Inducible Ventricular Arrhythmias at

Higher Risk of Ventricular Fibrillation Than Patients Without Inducible

VT/VF?

For symptomatic patients with Brugada syndrome, reports on the role of
inducibility of VT/VF for risk stratification are controversial. In a study with
144 symptomatic patients with Brugada syndrome, Brugada et al. [9] identi-
fied VT/VF inducibility as a strong predictor of a future malignant ventricular
tachyarrhythmia or sudden death. Other variables, such as family history or
abnormal ECG only after therapy with class I drugs, were not predictive. In
contrast, Priori [5] and co-workers did not find VT/VF inducibility to be a pre-
dictor for future arrhythmias or sudden death in a study of 86 patients who
underwent programmed electrical stimulation. In a recent report by Eckardt et
al. [11], inducibility also failed to predict future sudden death or VT/VF docu-
mented by an implantable cardioverter defibrillator (ICD) in 186 patients with
Brugada syndrome who were followed over a mean duration of 40 ± 50
months. However, the results showed a higher likelihood of inducibility in
patients with previous symptoms or aborted sudden death compared to
asymptomatic patients. The mean follow-up period of 45 patients investigated
by Morita et al. [3] was 38 ± 27 months. There was no significant difference
between the frequency of cardiac events in symptomatic patients with induced
VF (cardiac event 1.5 ± 0.1 times/year) and in those without induced VF (car-
diac event 2.0 ± 1.6 times/year). One reason for the conflicting reports of
Brugada et al. and other authors may be a certain selection bias, because the
percentage of symptomatic patients is higher in the Brugada registry reported
by Brugada et al. [8–10] Therefore, there is a strong need for further studies in
more homogeneous populations in order to re-evaluate the role of pro-
grammed electrical stimulation in Brugada syndrome.

Should Programmed Stimulation Be Performed in Asymptomatic

Patients and If So, When?

It is still a matter of discussion whether asymptomatic patients with a sur-
face ECG that displays typical Brugada-like changes should undergo pro-
grammed electrical stimulation. Whereas in early reports Brugada et al.
[8–10] demonstrated a significant risk of VT/VF in asymptomatic patients
with inducible VT/VF, more recent reports describe a better outcome of
asymptomatic patients irrespective of inducibility. Therefore, the Second
Brugada Consensus Conference [12] recommended programmed electrical
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stimulation only for asymptomatic patients with a family history of sudden
death suspected to be due to Brugada syndrome and a spontaneous abnor-
mal ECG. If patients display the ECG only after sodium-channel-blocker
challenge and no family history is present, electrophysiologic studies are not
recommended. This recommendation is, at least to a certain extent question-
able, since it is well known that the typical ECG pattern may transiently not
be present and that it fluctuates in a significant proportion of patients, so
that a typical ECG recording may be a result of chance or other influencing
factors. At least in our own population, 20% of the patients with a negative
index ECG display an abnormal basal ECG during repetitive recording dur-
ing further follow-up [unpublished data].

Clinical Implications

Electrophysiologic studies are an important diagnostic tool in the character-
isation of patients with Brugada syndrome, especially for scientific reasons.
For clinical issues, its value has somewhat changed, and the new recommen-
dations of the Brugada Consensus Conference do not require electrophysio-
logic studies in asymptomatic patients with a normal baseline ECG and no
family history of sudden death. However, how much one can rely on single
ECG recordings to say that there is no basal abnormal ECG in a patient,
remains to be assessed in a larger population, because ECGs display a great
amount of fluctuation. Finally, there are different stimulation protocols in
use with either less or more aggressive coupling intervals, which may lead to
a decreased sensitivity or specificity. The answer to the question whether
there is a difference in positive or negative predictive value for sudden death
risk depending on the protocol used needs to be further evaluated in com-
parative studies of large populations.
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Short QT Syndrome: How Frequent Is It and What Are Its

Peculiar Features?

F. GAITA

During the last 20 or 30 years the literature on long QT has constantly
increased, while short QT has been substantially ignored. Algra et al. [1],
however, reported in 1992 that in a group of 6693 patients who underwent
24-h Holter monitoring a mean QTc below 400 ms was associated with a
two-fold risk of sudden death compared to an intermediate QTc value
(400–440 ms), and with a similar risk to a mean QTc above 440 ms.

Only recently the association of sudden death [2] and atrial fibrillation
[3] with short QT interval has been recognised and short QT syndrome iden-
tified as a genetic disorder [4, 5]. In 2003 our group established the relation
between short QT and sudden death with the description of two families
having a short QT interval at baseline ECG and several cases of sudden death
in the family history [2]. Factors that shorten QT interval include an increase
in heart rate, hyperthermia, increased calcium or potassium plasma levels,
acidosis, and alterations of the autonomic tone. Secondary causes of tran-
sient QT interval reduction were excluded in these patients. This alteration
of the repolarisation could be documented in all available ECGs recorded at
different time points and ages, with a QT interval always less than 300 ms,
without significant dynamic changes during heart rate variations or on exer-
tion. A QT interval constantly below 300 ms was proposed as the definition
of short QT.

Patients with short QT syndrome present with a wide spectrum of clini-
cal manifestations, ranging from mild symptoms, such as palpitations and
dizziness, to syncope and sudden death. Sudden death may occur at any time
during the life span, sometimes in children in the first months of life. Sudden
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death is often the first clinical presentation. Syncope and palpitations with
documentation of atrial fibrillation even at a young age and of ventricular
extrasystoles are other symptoms related to short QT syndrome. In the
observed patients non-invasive and invasive evaluation confirmed the pres-
ence of structurally normal hearts, and autopsies did not reveal any cardiac
disease.

To understand how a short QT interval may be related to life-threatening
arrhythmias, we have to remember that QT interval is the electrocardio-
graphic expression of ventricular repolarisation, and there is a constant rela-
tionship between the ventricular effective refractory period (ERP) and the
QT interval. On electrophysiological study these patients show very short
atrial and ventricular ERPs. The duration of the refractory periods of the
myocardium is known to be an important parameter for the vulnerability of
the heart to fibrillation at both atrial and ventricular levels.

Sudden death in the presence of short QT interval in the described fami-
lies occurred in several generations, in both male and female subjects, sug-
gesting an autosomal dominant mode of inheritance. Ventricular repolarisa-
tion is determined by the inward sodium and calcium currents and by the
outward potassium currents. The molecular substrate of short QT interval
and related arrhythmic events should thus be either a factor that reduces
sodium or calcium inward currents or a factor that increases potassium out-
ward currents. Two different missense mutations in HERG (KCNH2), the
gene encoding for the rapidly activating delayed rectifier potassium channel,
IKr, causing a gain of function in the channel were first identified [4], and
later this variety of short QT syndrome was called SQTS 1. Subsequently,
congenital short QT was also linked to a mutation in KCNQ1 (KvLQT1), caus-
ing a gain of function in IKs, the slowly activating delayed rectifier potassium
current [5], and this was designated SQTS 2. A mutation has been recently
identified in a third gene, KCNJ2 (Kir2.1) encoding for another potassium
channel, IK1, causing a gain in function of the channel (SQTS 3) [6].
However, the prevalence of these mutations does not seem high, since only in
two of the six families we have so far collected was a mutation in HERG
found, and none showed other known mutations. It is reasonable to suppose
that mutations involving other genes are present, similarly to what happens
in long QT syndrome.

Analysing the data from 23 patients with a personal and/or familial histo-
ry of sudden death or aborted sudden death, QT interval values up to 320 ms
and QTc up to 340 ms were noted [7]. No statistically significant relationship
between QT and QTc interval duration and history of sudden death was
found; therefore so far it does not seem possible to establish a value of QT
interval that would identify patients with short QT who are at higher risk of
sudden death.
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Short QT interval is easier to recognise at low heart rates; with increasing
heart rates it tends to be closer to the normal values. At higher rates, howev-
er, QT values are still always below the normal values, and this makes the
diagnosis possible even in infants, who typically have high heart rates. This
is particularly important considering that sudden death frequently occurs in
the first months of life.

Concerning the mechanism of arrhythmogenesis in short QT syndrome,
it is likely that the short atrial and ventricular refractory periods observed in
these patients represent the substrate of atrial and ventricular arrhythmias;
in fact it is well known that the shorter the refractory periods, the shorter
the wavelengths are and more likely reentry is to occur.

Because of the high incidence of sudden cardiac death and the absence of
known pharmacological therapy, implantation of a cardioverter–defibrillator
(ICD) is currently the treatment of first choice [2, 8]. Quinidine prolongs the
QT interval and the ventricular ERP and prevents induction of ventricular
arrhythmias [9, 10]; however, long-term follow-up of patients with ICD who
also receive this drug is needed to clarify whether it may be an alternative to
ICD implantation.

In conclusion, short QT syndrome is an arrhythmogenic genetic disorder
with a high incidence of sudden death. Short QT syndrome should always be
considered in the presence of a family history of sudden death, but also in
patients with idiopathic atrial fibrillation and in patients with syncope and a
structurally normal heart.
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Fig. 1. Electrocardiogram of a patient with short QT syndrome. Heart rate 95 bpm, QT
220 ms, QTc 277 ms
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ICD Therapy for Short QT Syndrome: The Risk of Inappropriate

Shocks and How to Avoid Them

M. BORGGREFE1, C. WOLPERT1, C. GIUSTETTO2, F. GAITA2, U. BAUERSFELD3, R. SCHIMPF1

The short QT syndrome is a new congenital entity associated with familial
atrial fibrillation and/or sudden death or syncope occurring in all age
groups, even in newborns. The syndrome is characterised electrocardio-
graphically by a shortened QTc interval less than 320 ms, shortened atrial
and ventricular effective refractory periods, and a high percentage of
inducible ventricular tachyarrhythmias during programmed electrical stim-
ulation (Fig. 1) [1, 2]. In this genetically heterogeneous disease three differ-
ent gain-of-function mutations in genes encoding for cardiac potassium
channels (KCNH2, KCNQ1, and KCNJ2) have been identified so far [3–5]. The
initial and long-term follow-up of the five initial patients with a short QT
syndrome supplied with an implantable cardioverter defibrillator (ICD) will
be reported below.

In two unrelated families with a short QT syndrome (SQT1) ICD devices
were implanted for primary and secondary prevention [2]. The mean QT
intervals were 252 ± 13 ms (QTc 287 ± 13 ms); there were two male and
three female patients, mean age 38 ± 19 years. One patient, a 16-year-old
adolescent, received a Marquis VR 7230 (Medtronic Inc., Minneapolis, Minn.,
USA) in the left subpectoral region and a tripolar pace/sense/shock elec-
trode in the right ventricular apex with true bipolar pacing and sensing
capabilities (6943 Sprint, Medtronic Inc.). The other four patients received
an Atlas VR V-199 and three Photon Micro VR-194 systems (St. Jude Medical
Inc., St. Paul, Minn., USA) in the left subpectoral region with true bipolar
pacing and sensing (TVL-ADX 1559, RIATA 158) and two SPL leads with
integrated bipolar sensing (St. Jude Medical Inc.). Each implantation covered
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a thorough measurement of lead impedances, ventricular pacing thresholds,
and the verification of stable R wave signals. In addition, detailed testing of
the lowest and highest ventricular sensitivity was performed, including
induction of ventricular fibrillation at lowest ventricular sensitivity, which
was 1.2 mV for the Medtronic device and 1.0 mV for the St. Jude Medical
systems. After inappropriate shock delivery extensive manoeuvres were test-
ed in all patients during real-time electrogram recording. These covered
breathing manoeuvres, posture changes, exercise testing, and fluoroscopic
exclusion of an altered lead position.

Four of the five patients received inappropriate shock deliveries 54 ± 52
days after implantation at a mean sinus rhythm cycle length of 460 ± 120
ms. The post-ventricular sensing refractory periods were 120 ms in the first
patient and 125 ms in the other patients [6].

In all patients, measured standard parameters during implant such as ven-
tricular shock impedance (54 ± 7.2 Ω), pacing threshold (0.7 ± 0.3 V/0.4 ±
0.13 ms), ventricular sensing (12 ± 4 mV) were within the normal range.

However, the first patient received two inappropriate shock deliveries only
45 min after termination of the operation due to T wave oversensing. The T
wave was detected at a maximal ventricular sensitivity of 0.3 mV and double
counting of the R and T wave led to inappropriate therapy. After an initial R/T
wave signal ratio of 2.4:1, a reduction of the ratio to 2:1 due to slight reduction
of the R wave signal was found. For future prevention of inappropriate thera-
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Fig. 1. ECG from a 71-year-old patient with a short QT syndrome and atrial fibrillation
(QT interval 240 ms, QTc 290 ms, paper speed 25 mm/s)



pies, it is necessary to assess both the calculation of the signal and algorithm
and the capabilities of specific programming of the sensitivity. The sensing
decay after detection of the R wave in the Medtronic algorithm is exponential.
Each detected R wave induces an exponential decay starting at an amplitude of
75% of the R wave. The maximum amplitude of the decay start is the eight-
fold maximum programmed sensitivity. The only option to react to T wave
oversensing by reprogramming is to reduce the maximum ventricular sensitiv-
ity given a stable and high R wave signal, thus elevating the start of the expo-
nential decay. The ventricular refractory period with complete suppression of
ventricular sensing is permanently programmed at 120 ms. Therefore ventric-
ular sensitivity was reduced to 0.9 mV.

During the subsequent months further episodes of inappropriate shocks
occurred (Fig. 2). The ventricular sensitivity had to be programmed to 1.2
mV, which is the maximum programmable sensitivity in the Medtronic
device. To guarantee correct sensing of low-amplitude ventricular tach-
yarrhythmias, undersensing was excluded by an ICD test with induction of
ventricular fibrillation.
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Fig. 2. Stored endocardial electrogram derived from the ventricular pace/sense/shock
electrode of the patient from Fig. 1 (Marquis VR 7230; Medtronic Inc.). First line:
Bipolar near-field electrogram between distal tip and ring of electrode; second line: far-
field electrogram between defibrillation coil of ventricular electrode and device can;
third line: corresponding annotation of the detected events by the ICD. VS Sensed ven-
tricular events; continuous sensing of R wave and T wave before charging end of con-
denser (CE) and charge delivery (CD). Fourth line: Cycle lengths between each sensed
event in numbers; double counting of R wave and T wave signals with RT time interval
of 140 ms



Another patient, a 67-year-old woman, experienced one inappropriate
shock delivery 4 weeks after implantation due to double counting of the R
and T wave. As in the first patient, the amplitude of the T wave has increased
during follow-up. The algorithms of the Atlas and Photon devices act differ-
ently to the Marquis algorithm. The algorithm integrates the QRS signal and
starts a sensing decay from a programmable start threshold value (nominal
50% of the maximum amplitude of the R wave, measured in the refractory
period, up to 100% of the maximum R wave amplitude). The following decay
is linear, in contrast to the exponential decay from Medtronic, and the sensi-
tivity is increased every 312 ms by 1 mV. A delay for the linear decay is pro-
grammable from 0 to 220 ms. As a third step, the maximum ventricular sen-
sitivity can be reduced, and eventually the ventricular refractory period may
be increased from 125 to 157 ms. However, the risk of underdetection or
prolongation of arrhythmia detection has to be thoroughly evaluated. In this
patient the maximum ventricular sensitivity was reduced to 0.5 mV. The R
wave signal was stable at 17.7 mV. As a second step the start threshold value
was increased from 50% to 62.5% and a decay delay of 60 ms was pro-
grammed. All manoeuvres (see above) documented correct R wave sensing.
During a follow-up of 2 years so far, no further inappropriate therapies and
double sensing were documented with a stable R and T wave signal.

The daughter of the previous patient, a 40-year-old woman with a short
QT syndrome, experienced two inappropriate shocks due to T wave over-
sensing. The R wave signal was reduced to 4 mV. The patient was treated
with quinidine, which previously in patients with a SQT1 syndrome showed
prolongation of the QT interval into the normal range [7, 8]. The first young
adolescent also received quinidine at a dosage of 1 g/day after he experi-
enced both an episode of primary ventricular fibrillation and multiple inap-
propriate shocks [9]. In both patients the drug prolonged the QT interval,
and although the amplitude of the T wave was unaltered after drug therapy
no more inappropriate episodes occurred. One explanation could be that
under drug treatment the frequency content of the T wave signal, which is
calculated by the sense amplifier of the ICD, changed and the signal was no
longer detected.

Finally, the last patient, a 35-year-old man, received an inappropriate dis-
charge 53 days after implantation due to T wave oversensing. Again, a post-
operative increase of the T wave amplitude was documented. As in the sec-
ond reported case, an adaptation of the programming with a decay delay of
60 ms and a start threshold of 62.5% was initiated. During a follow-up of 2.5
years no inappropriate shock was documented. The other two patients did
not receive inappropriate shock therapies. However, both of them were pro-
phylactically programmed with a decay delay of 60 ms and start threshold of
62.5% as a reaction to the inappropriate therapies of the first three patients.
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Although infrequent, T wave oversensing still constitutes a substantial
pro-arrhythmic risk [10]. The most common causes are atrial fibrillation,
sinus tachycardia, other supraventricular tachycardias, and R wave oversens-
ing [11–16]. However, in patients with a short QT syndrome T wave over-
sensing may constitute a significant and inherent risk for inappropriate ther-
apies. Shortened QT intervals and significantly elevated T wave amplitude
represent a constant phenomenon. A postoperative reduction in the R wave
amplitude, and in two cases increase of the T wave signal, was the reason for
oversensing despite the fact that no abnormalities were observed at implant
or prehospital discharge testing in any of the affected patients. During close
follow-up, amplitude changes of the intracardiac R and T wave signals must
be assessed. In contrast to patients with long QT syndrome, double sensing
of the R and T wave should be less likely in patients with short QT syndrome
as the T wave occurs early after beginning of the RR interval and the sensi-
tivity is lowest in the early phase of the sensing algorithms after the detec-
tion of the R wave. However, the abnormal amplitude of the T wave signal
and potentially the frequency content of the T wave may vary in comparison
to those of normal patients and thus could pass the sense amplifier of the
ICD [17].

There are different algorithms currently available which address T wave
oversensing, and which vary between the manufacturers. The programming
has to be adjusted based upon the specific sensing algorithm involved. A
multi-programmable algorithm appears to be most suitable for preventing
oversensing of short coupled high-amplitude T wave signals in patients with
short QT syndrome. However, this needs to be evaluated in larger patient
numbers. Another three patients who received an ICD did not experience
inappropriate therapies during short-term follow-up (Guidant, Indianapolis,
Ind., USA) [18, 19].

Nevertheless, irrespective of the different sensing algorithms, a prerequi-
site for individual adaptation of sensing parameters is a lead position which
guarantees a constant and high R wave signal. This has to be balanced
against correct arrhythmia detection and discrimination.
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Quinidine to Treat Short QT Syndrome:

A Real Alternative to ICD?

C. GIUSTETTO

Short QT syndrome (SQTS) is a recently described familial arrhythmogenic
disorder related to an accelerated repolarisation time. Patients with short QT
syndrome present with a wide spectrum of clinical manifestations, ranging
from mild symptoms such as palpitations and dizziness to syncope and sud-
den death [1]. Sudden death sometimes occurs in children in the first
months of life and is often the first clinical presentation. Palpitations with
documentation of atrial fibrillation occur even at a young age [2]. ECG
shows QT intervals of less than 320 ms and QTc not exceeding 340 ms [3].
Physical examination, blood laboratory exams, echocardiogram, and stress
test are normal. Mutations causing a gain of function in the rapidly activat-
ing delayed rectifier potassium current (IKr) [4], in the slowly activating
delayed rectifier potassium current (IKs) [5], and in the cardiac inward recti-
fier current (IKl) [6], have been described.

Due to the high incidence of sudden cardiac death and the absence of
known pharmacological therapy, the placement of an implantable car-
dioverter–defibrillator (ICD) is presently the first-choice therapy [1, 7]. ICD
implantation, however, is not feasible in every patient. For this reason we
administered various anti-arrhythmic drugs to patients with short QT syn-
drome to evaluate whether they could prolong the QT interval into the nor-
mal range and, thus, potentially prevent symptoms and arrhythmia recur-
rences [8]. As the mutations found in our first families increase the activity
of IKr, the first drugs we administered were the class III anti-arrhythmic
agents sotalol and ibutilide, which are selective IKr blockers. However, these
drugs did not prolong the QT interval. The mutation must cause the loss of
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some of the physiological regulatory mechanisms, and IKr become insensitive
to drugs that normally have a specific action on it [4]. Quinidine, however,
produced a marked prolongation of the QT interval, which then entered the
normal range, and of ventricular effective refractory periods, preventing
induction of ventricular fibrillation. Furthermore, quinidine treatment pro-
duced the appearance of an obvious ST segment and of broader T waves [8].
The basis of the greater effectiveness of quinidine is not fully understood,
but a greater affinity of quinidine for the open state of the Ikr channel and its
ability to block IKs might explain the prolongation of the QT interval.

So far we have treated 21 patients, 10 of whom received an ICD, while 11
did not (2 because they were very young and 9 refused the implant). The 11
patients who did not receive an ICD were started on hydroquinidine, as were
another 5 patients who did receive an ICD, who had symptomatic episodes of
atrial fibrillation. In the patients who received hydroquinidine, QT interval
lengthened from 271 ± 13 ms to 347 ± 33 ms (P < 0.005), and QTc
changed from 297 ± 15 ms to 397 ± 25 ms (P < 0.0005). One of the char-
acteristics of the short QT syndrome is the lack of dependence of QT interval
on heart rate. In 3 patients who repeated a stress test during quinidine treat-
ment, it was observed that the drug restored the heart rate dependence of the
QT interval towards the normal range [9]. The HERG mutation (encoding for
IKr) was found in 6 out of the 11 patients; no known mutation was found in
the other 5. A repeat electrophysiological study was carried out with hydro-
quinidine therapy in the 9 adult patients: ventricular effective refractary
period (ERP) lengthened to more than 200 ms in all of them and ventricular
fibrillation was no longer inducible. The mean follow-up is 17 ± 13 months.
None of the patients on hydroquinidine died, nor did any have documented
or symptomatic atrial fibrillation recurrences. Two patients stopped drug
therapy due to enteric side effects.

Quinidine may also be useful in the prevention of inappropriate shocks
due to oversensing of the high voltage T waves in patients with ICDs [7].
However, a longer follow-up is needed to decide in favour of the effectiveness
of a drug in a life-long disease.
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ICD for the Long QT Syndrome: Which Indications,

Complications, and Results?

P.J. SCHWARTZ1, 2, C. SPAZZOLINI1, L. CROTTI1, 2

The number of patients affected by the long QT syndrome (LQTS) who are
told by their physicians that they should receive an implantable cardioverter-
defibrillator (ICD) is increasing exponentially. Why? In this short essay we
will try to provide an answer to this question, and we will also briefly review
the data available to assess whether or not adequate information exists on
the indications and results of the growing use of the ICD for patients with
LQTS. While the data are what they are, the opinions expressed here are our
own and reflect to a large extent the clinical experience developed by one of
us in managing and treating LQTS patients during the past 35 years [1–4].

The Issue

To simplify matters we will start by stating the obvious: patients who have
survived a cardiac arrest should immediately receive an ICD, in addition to
traditional therapy. Thus, our entire discussion will concern patients whose
only symptom has been one or more syncope episode, before or on therapy.
The possibility of implanting an ICD in an asymptomatic patient is not even
discussed, because in a disease whose natural history shows that 50% of
patients remain asymptomatic through life without therapy [5], this repre-
sents, in our opinion, an aberration. Unfortunately, aberrations do occur.

A second starting point is that the evidence from multiple databases [3]
that cardiac arrest/sudden death (CA/SD) as first episode may occur in up to
12% of patients with LQTS dictates the necessity to treat all LQTS patients
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with β-blockers once they have been diagnosed as affected [3]. This rule has
few exceptions, largely on the basis of the age of the patient at the time of
diagnosis, and in some subgroups (e.g., LQT1) on the basis of gender.

Management and Outcome of Patients with Syncope

Having limited, on the basis of common sense, the discussion to patients
with syncope, let us now examine what we know about their prognosis. What
happens to a patient treated with β-blockers? Even though the genotype of
the patient is usually still unknown when the first decision has to be made, it
is no longer acceptable to ignore the practical consequences of genotyping
or to look for excuses for being ignorant on this matter. At the present time,
70% of affected patients are positively genotyped in our laboratory
(Molecular Cardiology Laboratory, Policlinico S. Matteo and University of
Pavia) within 4–5 months, and the same is true in most laboratories.
Furthermore, for most patients – including those who are genotype-negative
– the experienced clinician can predict the genotype fairly accurately [6] on
the basis of: (1) the morphology of the T wave [7, 8]; (2) the ‘triggers’ or con-
ditions associated with the events [9]; and (3) the different prevalences of
the different genotypes [5, 10]. Finally, our evidence that – as predicted in
1980 [11] – low penetrance exists in LQTS, and that therefore within each
family several individuals may have a normal QT interval and still be muta-
tion carriers [12], makes failure to attempt genotyping in every LQTS patient
inexcusable, with significant medico-legal implications.

It is on this rational basis that one should look at the available data. In
our study based on the LQTS International Registry [13], Moss et al. [14]
provided data based on 869 patients treated with β-blockers. As always, data
from registries and not from randomised trials have to be examined with
special care. When the analysis leaves out the survivors of a cardiac arrest
(who should receive an ICD in any case), the patients who were off therapy
for more than 3 months, and the patients who became symptomatic in the
first year of life (because they represent a subgroup at extremely high risk
who should be dealt with and considered separately from the rest of the
LQTS population), it turns out that mortality on β-blocker therapy was 1.6%!
This is a very important figure to be considered carefully when proposing
invasive therapies.

If one looks at genotyped patients, there are important data there as well.
In a three-centre study, all with a high referral rate, in 157 LQT1 patients the
combined incidence of CA/SD over a very long average follow-up (12 years)
was only 1.2% [15]. In the study from our group based on 187 LQT1 patients
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the combined incidence of CA/SD was 1.1% [16]. Thus, these two major stud-
ies provide almost identical data which show beyond doubt that 98% of
LQT1 patients can do very well on β-blocker therapy. It is very unlikely that a
LQT1 patient who has not yet had a cardiac arrest would significantly benefit
from an ICD. It is important to remember that LQT1 patients represent at
least 50% of all LQTS patients.

Two large series of patients provide data on LQT2 patients. In one [9],
based on 91 LQT2 patients all with symptoms, there was a combined 4% inci-
dence of CA/SD on therapy. Of note, these were all cases of cardiac arrest and
there were no sudden deaths. In the other [16], the combined incidence of
CA/SD was 6.6%, but once again these events were all cardiac arrests and
there were no deaths. When one looks objectively at these data one has to
recognise that 93–96% of LQT2 patients do well on β-blockers even though
the protection appears not as complete as for LQT1 patients.

The same two reports, on the other hand, demonstrated a relatively high
incidence of CA/SD among LQT3 patients, the most uncommon of the three
major genetic subgroups. This incidence of failures in the two studies was,
respectively, 17% and 14%. These figures justify serious consideration for
therapeutic approaches beyond β-blockers. Such additional approaches
include obviously the ICDs, but not only. For LQT3 patients, one can expect a
fair amount of benefit by also adding left cardiac sympathetic denervation
(LCSD) [17] or the sodium channel blocker mexiletine [4, 18].

Before discussing the actual ICD data it is necessary to recall the alterna-
tive options. We presented last year updated information on the long-term
results of LCSD. This 35-min operation performed without opening the chest
has resulted in a more than 90% reduction in the number of cardiac events
[17]. The population under study was one at extremely high risk, as docu-
mented by the number of symptomatic patients (99%), the high percentage
(75%) of those with cardiac events despite β-blockers, and the extreme aver-
age prolongation of the QT interval (QTc = 543 ± 65 ms). Among the
patients with syncope, there has been a 5-year mortality rate of 3% and an
incidence of resuscitated cardiac arrest of 8%. LCSD also shortened QTc by
an average of 40 ms, and we have found that lethal cardiac events after
surgery occurred only among those patients who continued to have a QTc
greater than 500 ms (Fig. 1). A very important and highly related finding
was made in those patients who developed storms or who had multiple
shocks following ICD implant; in this unfortunate group LCSD was able to
reduce by 95% the number of shocks, thus having a dramatic impact on the
quality of life of these patients and of their families (Table 1).
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Registries for ICD in LQTS

There are only two relatively large sets of data on LQTS patients who have
received an ICD, those from Zareba et al. [19] on 125 patients and those from
the European Registry [20], initiated by our group with the support of many
European electrophysiologists, which has enrolled so far 112 patients,
including most of those recently reported by Mönnig et al. [21]. The number
of genotyped patients in the two series is relatively small; nonetheless, it is of
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Fig. 1. Kaplan–Meier curves of event-free survival and survival according to QTc interval
after left cardiac sympathetic denervation in patients with only syncope or aborted car-
diac arrest before left cardiac sympathetic denervation (modified with permission from
[17])

Table 1. ICD multiple shocks and left cardiac sympathetic denervation (LCSD)

Patients with LCSD post ICD 5

Follow-up ICD � LCSD 17±16 months

Follow-up post LCSD 4.1 years

Pre LCSD shocks per patient per year 29.3

Post LCSD shocks per patient per year 3.3

Reduction 95%

ICD implantable cardioverter defibrillator



interest – and probably not by chance – that there is an excess of LQT2
patients.

The available data are rather disquieting. In the two registries, only 43%
and 46% of the implanted patients had had an aborted cardiac arrest, which
should be the primary and main reason for implantation. In the series of
Zareba et al. 35% received an ICD because of one syncope irrespectively of
β-blocker therapy and 13% were mostly asymptomatic individuals who
received implants because of a sudden death in the family! The latter deci-
sion was taken by physicians apparently unaware of the evidence showing
that a sudden death in the family does not increase the risk of lethal events
among other family members [22]; if the decision is taken not for true med-
ical reasons but because of emotional considerations, then it is a different
story. In the European Registry the number of asymptomatic patients who
have had an ICD implanted is 5%. In addition, 19% of the patients received
an ICD for syncope occurring prior to institution of β-blocker therapy!
These data sadly show that in more than 50% of cases the ICD is implanted
in patients who have not had the most appropriate indication, namely a car-
diac arrest.

The number of appropriate shocks during follow-up in patients not
implanted for cardiac arrest is a very important one. Unfortunately, we have
not been able to find this number in the article by Zareba et al. In our data
set this figure is 12% within an average follow-up of 3 years.

Zareba et al. [19] tried to demonstrate the beneficial effect of the ICD by
comparing mortality in this group to a group of LQTS patients considered to
be similar to those who received the ICD and who continued to be treated
conventionally. They concluded by stating that LQTS-related deaths occurred
in 1.3% vs 16% (P = 0.07), thus showing the superiority of the ICD vs the
non-ICD therapy. As commented by others [23], these data generate numer-
ous questions. This was a retrospective comparison in which the control
(non-ICD) group was chosen by the authors among the patients in the LQTS
registry. Two aspects cause concern. One is that 16% mortality in properly
treated LQTS is, to say the least, an exceptionally high figure. The second is
that more than half of these deaths occurred within 3 months from the
moment selected retrospectively by the authors to be regarded as time zero
for this statistical analysis. It seems to us that comparisons on the life
expectancy of LQTS patients treated or not treated with an ICD should
require a more rigorous analysis and that, once again, it should be limited to
the patients without cardiac arrest about whom there seems to be an ongo-
ing debate.

One has also to look also at the down side. In the report by Zareba et al.
there were two deaths, giving an incidence of 1.6% which – interestingly, and
worth remembering – is the same as that among patients without cardiac
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arrest in the large report by Moss et al. [14] discussed above. One patient, a
child, died because of recurrent torsades-de-pointes; the other, a 21-year-old
girl, committed suicide. The possibility that the suicide was related to the
ICD (as previously reported for other cases) was not considered, and the sta-
tistical analysis has included only 1 LQTS-related death. In the European
Registry inappropriate shocks occurred in 10% of patients and 8% had mul-
tiple repetitive discharges. Importantly, given the relatively short follow-up
of 3 years, 27% of the patients underwent invasive/surgical interventions on
either the generator or the leads of the ICD for a variety of reasons ranging
from end-of-life of battery to lead fracture or lead dysfunction, or others.

The bottom line here is that the implantation of an ICD is not the end of
the problems for many LQTS patients. This is one important reason, not to
mention the significant and often devastating psychological impact, espe-
cially in young patients, for doing everything possible to limit the ICD
implants to those patients who really are appropriate candidates.

Having looked at the available data, one inescapable conclusion is that
too many patients receive an ICD for questionable or incorrect indications.
Of the several reasons which may underlie this reality one merits attention,
and this is the physician’s fear of medico-legal consequences for not having
implanted an ICD in a patient who subsequently develops a cardiac arrest or
dies suddenly. Clearly, to recommend an ICD implies no fears about survival,
it is simple and fast, and if complications do occur that is just too bad. To
explain to patients or parents that non-ICD therapies, despite their high
degree of efficacy, do not offer a 100% protection and a tragic event cannot
be ruled out; that the potential complications of an ICD during a lifetime
should be carefully weighed against the almost 100% survival; that quality of
life would be impacted differently by the various options: all these consider-
ations take a lot of time and emotional involvement by the physician, who
often chooses the simplest solution. While we understand these practical
reasons, our concern is that too often the final decision is made more for the
physician’s than for the patient’s protection.

Conclusions

There is a high and in many cases inappropriate use of ICDs in patients with
long QT syndrome with syncope. The pros and cons of the ICD and of the
other available therapies should be clearly explained to all patients before
recommending one or another.

It should be remembered that LQTS is profoundly different from most of
the more prevalent conditions for which an ICD is usually recommended,
and that among the special features of LQTS the tight relationship between
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release of catecholamines and life-threatening arrhythmias is an important
one capable of initiating storms of shocks.

The wise use of the ICD in LQTS can save many lives. The unwise use of
the ICD in LQTS can ruin many lives. A competent and caring physician
should not be unmindful of his/her complex responsibilities toward the –
usually young – LQTS patients.
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How To Differentiate Right Ventricular Outflow Tract

Tachycardia from Arrhythmogenic Right Ventricular

Cardiomyopathy?

C. WOLPERT, C. ECHTERNACH, C. VELTMANN, R. SCHIMPF, M. BORGGREFE

Introduction

Arrhythmogenic right ventricular cardiomyopathy (ARVC) is a disease char-
acterised by partial replacement of myocardial tissue by fibrofatty tissue.
Ventricular tachycardia may originate from the diseased areas and cause
haemodynamically non-tolerated ventricular tachycardia, syncope, or sud-
den death already in young patients.

Time of first diagnosis is usually before the age of 40 and not infrequent-
ly already in adolescence. The aetiology of ARVC varies and there are differ-
ent hypotheses as to how ARVC develops [1, 2]. Among affected patients,
there is a predominance of males and early reports suggested that in some
cases the disease may be familial. Moreover, a number of different gene
mutations in desmosomes have been identified, such as mutations in
cytoskeletal proteins, plakoglobin, and desmoplakin, and both autosomal-
dominant and autosomal-recessive modes of inheritance have been report-
ed. In some patients disease is also manifested in the left ventricle [3, 4].

Right ventricular outflow tract (RVOT) tachycardia is a benign condition.
In the absence of structural heart disease, it is considered to be primary elec-
trical defect that results in ventricular extra beats, salvos, or sustained tachy-
cardias mainly from the right ventricular outflow tract, but also infrequently
from other regions in the right ventricle, above the pulmonary valve or the
sinus valsalva. A variety of mechanisms have been suggested, including
cAMP-triggered activity through late after-depolarisation. RVOT tachycardia
is also mainly observed in young patients, predominantly females, and often
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becomes symptomatic already in young adults. When confronted with a
patient with left bundle-branch-block tachycardia with inferior axis, a diag-
nosis of idiopathic RVOT tachycardia can be made only after exclusion of
ARVC. The differential diagnosis of ARVC is based on the criteria of the Task
Force of the Working Group Myocardial and Pericardial Disease of the
European Society of Cardiolog y and of the Scient ific Council  on
Cardiomyopathies of the International Society and Federation of Cardiology.
Classification is based on electrocardiographic patterns of depolarisation
and repolarisation, echocardiography, endomyocardial biopsy findings, mag-
netic resonance imaging results, arrhythmia history, and other criteria [5].
However, clinical presentation alone does not allow a diagnosis to be made
in the majority of patients. To differentiate between ARVC and RVOT tachy-
cardia is a clinical challenge, and an intense work up is essential to making
the correct therapeutic decision.

Electrocardiogram in Sinus Rhythm

There are different signs in the surface ECG of patients with arrhythmogenic
right ventricular cardiomyopathy, most strikingly, the T-wave inversion and
an epsilon-wave in lead V1 or V2. In addition, a localised increase of the QRS
duration of > 110 ms in leads V1–V3 or positive late potentials are signs for
a potential ARVC [1, 6, 7]. However, they are not observed in every patient
and especially not during early stages of the disease. Although patients with
a normal ECG at rest are less likely to suffer from ARVC, in the studies of
Niroomand [6] and O’Donnell [7], repolarisation abnormalities in the pre-
cordial leads varied between the two studies from 66% to 52% in patients
with ARVC, and from 23% to 6% in patients with RVOT tachycardia.

The ECGs of patients with ARVC often display an incomplete right bun-
dle-branch block or T-wave inversion in the right precordial leads, some-
times also until V4, V5. In Niroomand’s study, T-wave inversion was seen in
13/15 patients (87%), while 14% of patients displayed epsilon waves [6].
O’Donnell observed positive late potentials on the signal-averaged electro-
gram in 78% of patients with ARVC and in none of the patients with idio-
pathic RVOT tachycardia.

Electrocardiogram During Ventricular Tachycardia

In patients with ARVC, the ventricular tachycardia (VT) shows a pattern of
left bundle-branch block. The QRS axis is shifted to the right when the VT
originates in the pulmonary infundibulum. The axis may also be shifted to
the extreme left when the VT arises from the diaphragmatic wall or is locat-
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ed in the right ventricular apex or close to the tricuspid annulus [1, 2]. In
patients with ARVC, the upstroke of the QRS complex seems to have some
‘slurring’ and a slew rate that is less steep. The QRS complex also appears
broader. In the study by Niroomand et al., the axis during VT in ARVC was
inferior in 48%, intermediate in 27%, and left/superior in 20% of patients. In
contrast, in patients with idiopathic RVOT tachycardia, it was inferior in 90%
and intermediate or superior in only 5% [6].

The most common clinical presentation of RVOT tachycardia is a frequent,
nonsustained repetition of uniform, monomorphic VT alternating with peri-
ods of sinus rhythm. Isolated ventricular extra systoles present the same mor-
phologic pattern as observed in tachycardia. The cycle length of sustained
ventricular tachycardia commonly ranges from 140 to 180 bpm [8, 9].

Transthoracic Echocardiography

The structural major abnormalities in ARVC can be detected by echocardio-
graphy, but minor abnormalities are seen only by magnetic resonance imag-
ing (MRI). The signs of the disease are dilation of the right ventricle, the
presence of aneurysm during diastole, and dyskinetic areas in the infero-
basal region. Therefore, if there is any doubt about the diagnosis after
transthoracic echocardiography, the patient should undergo cardiac MRI.

Nuclear Magnetic Resonance Imaging

Patients with right ventricular tachycardia should undergo MRI before inter-
vention in order to detect aneurysms, intramyocardial fat, or advanced wall
thickening before catheter ablation, if not distinct on echocardiography or
right ventricular ventriculography [10].

Electrophysiological Study

Electrophysiological studies (EPSs) may help to differentiate RVOT tachycar-
dia due to ARVC from idiopathic RVOT-VT. In the setting of ARVC, the sig-
nals of the endocardial electrograms may be significantly altered in terms of
activation delay, fragmentation, amplitude decrease, or dense scarring. These
features are not likely to be found in idiopathic RVOT tachycardia patients.
Some investigators have analysed the endocardial electrograms by using an
electroanatomical mapping tool. Using this approach, Boulos et al. found a
significant difference between patients with ARVC and those with idiopathic
RVOT tachycardia [11]. They also compared the duration and amplitude of
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the electrogram between normal probands, patients with RVOT-VT, and
patients with an ARVC, and could demonstrate that while there was no dif-
ference between normal probands and patients with an idiopathic RVOT-VT,
there was a very large difference compared to ARVC patients [11]. Areas with
a strong disposition to fibrofatty degeneration and therefore areas to look
for fragmentation or scarring are the RVOT, the subtricuspidal base of the
ventricle, and the RV-apex. Another indicator for VT in structural heart dis-
ease is repetitive inducibility by programmed stimulation and the presence
of a critical coupling interval. O’Donnell found that, in contrast to idiopathic
RVOT-VT patients (3%), VT was induced by extra stimulation in 82% of
pat ients w ith ARVC which indicates a re-entrant mechanism [6].
Furthermore, in that study, in patients with idiopathic RVOT tachycardia
there was usually only one morphology in premature beats or VT, whereas
71% of patients with ARVC presented from one to six morphologies charac-
teristic of inducible tachycardia. Therefore, in the presence of VT pleomor-
phism an ARVC should be suspected. Finally, the study also noted that frag-
mented diastolic electrograms occurred in 82% of patients with ARVC [6].

Inducibility maybe facilitated by infusion of isoproterenol in both clinical
entities and is therefore not a criterion to discriminate between the two dis-
eases.

Triggering Factors for VT and Symptoms

Idiopathic ventricular tachycardia from the RVOT and VT in ARVC are diffi-
cult to discriminate based on circumstances of onset, because sustained
tachycardia and salvos tend to be induced by stress, catecholamines, or phys-
ical exercise in both cases [1, 2, 6]. However, there is a difference in symp-
toms in terms of severity for the overall population. Whereas syncope is
more frequent in ARVC and cardiac arrest does practically not occur in idio-
pathic RVOT-VT, in idiopathic VT there are more mild to moderate palpita-
tions and dizziness due to bradycardia with bigeminus and resulting periph-
eral pulse deficit. In ARVC, intensive physical activity or extreme anxiety is
known to cause fast and recurrent VT with a considerable risk of sudden
death. Therefore, it should be absolutely avoided in those patients [1].

Conclusions

The diagnosis of an idiopathic RVOT-VT is made by exclusion of ARVC or
any other structural heart disease. If there are no signs of RV myocardial
changes, such as dilatation, dyskinesia, hypokinesia, or aneurysms and wall
thickening, and there are no electrocardiographic signs of ARVC, the patient
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most likely has an idiopathic RVOT-VT. However, especially in families with
a history of sudden death, close follow-up may be useful. When enough
minor or major criteria are met, the patient should be risk-stratified and
treatment options should be tailored to the individual, taking into considera-
tion the risks and benefits. In some younger patients with, e.g. syncope and
one other minor criterion and RVOT-VT, this decision is often very difficult
and will probably remain difficult. Genetic testing should be performed in
all patients with a family history in order to detect relatives at risk.
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How To Diagnose and Approach Epicardial Ventricular

Tachycardia

E. SOSA, M. SCANAVACCA

Introduction

Epicardial ventricular tachycardia (VT) is defined as VT in which the critical
sites of the reentrant circuit (or the ‘sites of origin’) are located exclusively in
the subepicardial tissue, as shown by entrainment manoeuvres or VT that is
terminated within 10 s with standard radiofrequency (RF) pulses, or both.
This arbitrary definition is based on data obtained in our electrophysiology
(EP) laboratory. Until now, the epicardial origin of a given VT has been sus-
pected in those patients with nonischaemic VT, a QRS complex duration
longer than 200 ms (specificity of 86% and sensitivity of 69% for epicardial
circuits), and a delta-wave-like pattern (sensitivity and specificity of 80% for
epicardial circuits). Berruezo et al. [1] recently reported similar ECG find-
ings. At our centre, determination of the prevalence of an epicardial circuit is
based on our experience using the above-mentioned criteria obtained at the
EP lab. In our initial series of 215 consecutive patients, epicardial VT was
systematically identified using a percutaneous subxiphoid approach.
Epicardial VTs were identified in 32% of patients with post-myocardial-
infarction (MI) VT, 36% of patients with Chagas heart disease, and 25% of
patients with idiopathic dilated cardiomyopathy [2].

Despite innovations in mapping techniques, the standard endocardial
ablation of VT remains an enormous challenge especially in VT associated
with structural heart disease. In this subset of patients, results following the
use of an conventional endocardial approach have not been consistent [3, 4].
The presence of epicardial circuits has been considered as one of the reasons
for the failure of endocardial ablation, and these circuits have been described
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in several types of cardiac disease treated by surgical and nonsurgical tech-
niques [5, 6].

The existent of epicardial VTs has been previously reported. Littmann et
al. [7], using epicardial laser photocoagulation during surgical ablation of 25
VTs in 10 patients, observed that post-MI VT may result from epicardial
macroreentry. Slow conduction within the reentry circuit can be localised by
epicardial mapping, and epicardial ablation interrupts epicardial post-MI
VT. In patients with non-ischaemic VT, Cassidy [8] and Perlman [9] suggest-
ed that abnormal, fractionated, or late endocardial electrograms, or both, are
less frequently seen in patients with dilated cardiomyopathy than in patients
with post-MI VT, and the incidence of abnormal epicardial electrograms
roughly equals that of abnormal electrograms. Svenson et al. [10] described
the existence of epicardial circuits in post-MI VT, suggesting that they are
particularly important in inferior-wall infarcts. More recently, other authors
have described patients with epicardial VT [11-14].

Methods

Technique for Mapping and Ablating Epicardial VTs

Several techniques for mapping the epicardial surface of the heart in the EP
laboratory by the electrophysiologist have been described. The transeptal
[15] and coronary cusp approaches [16] can be useful to map specific forms
of idiopathic VT, originating in the left ventricular outflow tract. Coronary
veins can be used to carry out epicardial mapping, but manipulation of the
catheter is limited by the anatomical distribution of these vessels [17]. To the
best of our knowledge, the subxiphoid percutaneous approach to the epicar-
dial space is the only technique currently available that allows extensive and
unrestricted mapping of the epicardial surfaces of both ventricles [2, 18-23].

The Subxiphoid Percutaneous Approach

The epicardial subxiphoid percutaneous approach has been previously
described in detail [2, 18]. Approaching the pericardial space is easy and can
be done after positioning multipolar catheters in the coronary sinus and right
ventricular apex through the femoral venous approach, and before starting
anticoagulation. The pericardial space is reached by using a commercially
available needle, originally developed to perform a spinal tap (Fig. 1) (epidur-
al needle: 17 Gox 3–7/8’ (9.84 cm) and 17Gox 5’ (12.5 cm) TW with cm
markings; Arrow International; Reading, PA]. Other types of needles can be
used; however, the operator must be aware of the higher risk of perforation
of the heart.
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The puncture must be done at the angle between the left border of the
subxiphoid process and the lower left rib. The spatial orientation of the nee-
dle will determine what portion of the ventricles will be reached. The needle
usually has to point toward the left shoulder, and it must be introduced more
horizontally if the target is the anterior portion of the ventricles and more
vertically if the diaphragmatic portion of the heart is the area of interest.
After crossing the subcutaneous tissue, needle movement should be moni-
tored by fluoroscopy in the left anterior oblique view, 35–40° (Fig. 2). The
needle must be carefully moved toward the heart silhouette until the surgeon
can detect movement of the heart.

The injection of a small amount (~1 ml) of contrast demonstrates
whether the needle tip is pushing against or passing through the tissue. If
the diaphragm has not been reached, the contrast will be seen in the subdi-
aphragmatic area. When the needle reaches the pericardial sac, the contrast
will spread around the heart, restricted to its silhouette (Fig. 2a). The
appearance of a ‘sluggish’ layering of contrast medium indicates that the nee-
dle is correctly positioned in the pericardial space. A soft floppy-tipped
guidewire is then passed through the hollow, an #8F introducer is advanced,
and a regular ablation catheter is then introduced into the pericardial space
(Fig. 2b–d).

Once the catheter is inside the pericardial space, epicardial ventricular
electrograms can be readily recorded during sinus rhythm and during VT.
The entire surface of the heart can be mapped and eventually ablated.
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Fig. 1. Left-anterior oblique view of the
heart and catheter position in coronary
sinus (CS) and right ventricular (RV)
apex. Observe the location of the con-
trast medium, injected soon after feel-
ing heart movement, to determine
whether the needle tip is pushing
against or passing through the tissue



Results

From the initial report in 1996 [18] to December 2003 [2], we have used this
approach to treat 215 consecutive patients with VT. In 138 of these patients,
VT was associated with Chagas disease, while 50 patients were post-inferior-
MI, and 15 had VT associated with idiopathic dilated cardiomyopathy
(IDCM). Twelve patients had idiopathic VT. The number of episodes of
inducible VT ranged from 1.8 to 2.2. Nonmappable VT were observed in
40–44% of patients. Only one episode of endocardial VT was induced in an
average of 5% of the patients, and only one episode of epicardial VT was
induced in an average of 3.5% of patients. Regarding mappable VT, epicar-
dial VT was present in 25% of IDCM-related VT, 32% of post-MI-related VT,
and 36% of the episodes of VT associated with Chagas disease. Successful RF
ablation (interruption and no reinduction) was obtained from the epicardi-
um in 50% of post-MI VT patients, 60% of Chagas VT patients, and 55% of
IDCM VT patients.

We are aware that, at least theoretically, critical epicardial sites could have
been entrained or interrupted within 10 s from both the endocardial and
the epicardial surfaces, making it difficult to demonstrate the presence of a
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Fig. 2a–d. Left-anterior oblique views during a subxipfoid epicardial approach. a Note the
appearance of a ‘sluggish’ layering of the contrast medium indicating that the needle is
correctly positioned in the pericardial space. b A soft floppy-tipped guidewire is passed
through the hollow and a #8F introducer is advanced. c, d Once the catheter is inside the
pericardial space, the epicardial atrial and ventricular surfaces of the heart can be
mapped and eventually ablated
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truly epicardial circuit in a given case. In addition, it is not known how often
this occurs. Epicardial VTs may occur in patients with idiopathic VT [22] and
in those with VT associated with ischaemic [20] and non-ischaemic [6, 19]
VT (Fig. 3).

Problems Related to the Subxiphoid Epicardial Approach

Puncture

Several concerns exist regarding the use of this approach. The first is related
to the possibility of inducing puncture accidents. Predictable and avoidable
accidents were related to a ‘dry’ right ventricular puncture in 4.5% of 215
consecutive patients who underwent epicardial ablation. A drainable
haemopericardium containing 200 ± 98 ml of blood was observed in 7% of
the patients. These predictable accidents are mostly related to the learning
curve. One patient in this series had bleeding in the abdominal cavity from
an injured diaphragmatic vessel, which required blood transfusion and
laparotomy to control. This is an unpredictable and difficult to avoid compli-
cation.
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Fig. 3a–c. a 12-lead ECG during ventricular tachycardia (VT). b Best mid-diastolic elec-
trogram during a recording of VT at the pericardial surface of the left ventricle. c
Interruption of VT soon after epicardial RF delivery
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Coronary Artery Damage

One of the main concerns during epicardial mapping and ablation is the
avoidance of coronary artery damage. In this regard, d’Avila et al. [24]
reported experimental data from nine mongrel dogs in which linear and sin-
gle RF lesions were applied on or near the coronary artery. The authors con-
cluded that, in an acute model, RF application delivery above the artery may
result in intimal hyperplasia and thrombosis. However, susceptibility to
damage was inversely proportional to vessel size, and no endothelial lesions
were present in vessels with an internal perimeter > 2 mm.

The long-term effects of RF lesions on the epicardial coronary artery
were analysed by Miranda el al. [25] in seven young pigs observed for a least
70 days after RF ablation. The results suggested that RF pulse delivery in the
vicinity of the epicardial vessels does not provoke either MI or vascular
thrombosis. The endothelium was preserved in most of the animals, but
intense intimal thickening was seen in a few. The presence of fat and veins
interposed between the epicardial coronary arteries and the catheter tip was
related to much less intimal thickening, but the long-term significance of
intimal thickening is still unknown.

Our current approach to minimise the risk of damaging the coronary
vessels is to obtain an angiogram before ablation in all patients. Based on the
analysis of the anatomy of the coronary arteries, safe areas for epicardial
ablation can be selected. Depending on the area where the ablation site is
located, another angiogram can be obtained during the procedure, immedi-
ately before starting ablation, although we do not routinely do this. As a gen-
eral rule, we assume that a safe application can be delivered when the dis-
tance between the catheter tip and a visible coronary vessel is > 1 cm.
However, if a putative critical site of the tachycardia circuit can only be iden-
tified close to a coronary artery despite extensive mapping, then, as in all
clinical scenarios, a risk–benefit analysis should be undertaken.

RF application resulted in coronary artery occlusion of a marginal
branch causing non-Q-wave MI with a CKMB peak of 35 U/l in only one of
215 consecutive patients.

Effects of Epicardial Fat on Epicardial Mapping and Ablation

The presence of epicardial fat interposed between the catheter tip and an
epicardial target also deserves special mention. Depending on its location
and amount, the fat tissue may reduce the efficacy of epicardial catheter
ablation. D’Avila et al. [26] compared bipolar epicardial electrograms and
ventricular epicardial stimulation thresholds obtained with a 4-mm ablation
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catheter from 44 areas without and 45 areas with epicardial fat in ten
patients during open-chest surgery. The authors observed that epicardial fat
thickness of up to 5 mm interposed between the ablation catheter and the
epicardium does not change the amplitude and duration of the bipolar epi-
cardial electrogram or the epicardial ventricular stimulation threshold. In
areas with a layer of epicardial fat thickness > 5 mm, ventricular capture
was not possible even at 10-mA pulses.

The role of epicardial fat in RF lesion formation was analysed in animal
models by using standard and cooled-tip RF catheters [27]. This study sug-
gested that fat attenuates epicardial lesion formation. The absence of blood
flow in the epicardial space causes the catheter tip to heat up too quickly.
The use of a cool-tipped ablation catheter allows more energy to be delivered
and a larger lesion to be created despite the presence of fat interposed
between the catheter tip and the epicardium. Similar results [28] could be
extrapolated to epicardial cryoablation, which can create very deep lesions;
however, the presence of a fat layer of > 5 mm strongly attenuates this type
of lesions. These data are important and may help to explain failures during
epicardial RF ablation.

Pericarditis

Another potential complication seen after epicardial catheter ablation is
post-procedure pericarditis. In the experimental laboratory, animals mapped
and ablated intrapericardially may develop intense postpericarditis [29],
which can be eliminated by the pericardial infusion of 2 mg
triamcinolone/kg at the end of the procedure. Such intense pericarditis was
not seen in patients in our series. Precordial distress and pain were observed
in approximately 30% of our patients; however, pericardial effusion was min-
imal and the symptoms were easily controlled with regular anti-inflammato-
ry drugs. All 29 patients in our series who had more than one epicardial pro-
cedure, ranging from 1 week to 10 months after the first procedure, were
free of pericardial effusion, neither were pericardial adhesions present.

Pericardial Adhesions

Postoperative pericardial adhesions may represent a limitation of the percu-
taneous transthoracic epicardial approach. In our series, five patients had
monomorphic VT 7–10 years after open-chest surgery [23]. The ejection
fraction was around 40%. Despite the presence of postoperative adhesions,
all patients underwent the endocardial and epicardial approach simultane-
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ously. Pericardial puncture was directed to the inferior wall of the heart,
where pericardial adhesions are thought to be less important than in the
anterior wall. The pericardial space was entered in all patients. Fourteen VTs
were induced, and eight VTs were unmappable. Three of six mappable VTs
were successfully ablated from the endocardium, and two were successfully
ablated from the epicardium.

Phrenic Nerve Injury

Injury of the phrenic nerve is a rare complication of endocardial atrial RF
ablation. The phrenic nerves course through the upper chest, medial to the
mediastinal pleura, and the apex of the right or left lung. The right phrenic
nerve lies laterally to the right brachiocephalic vein and the superior vena
cava. The left phrenic nerve courses along the lateral aspect of the transverse
arch of the aorta. The two nerves subsequently pass anteriorly to their
respective pulmonary hila and then inferiorly in a broad vertical plane along
the margin of the heart, between the fibrous pericardium and the mediasti-
nal pleura. While the application of RF pulses in the lateral aspect of the
heart silhouette can theoretically induce phrenic nerve injury [30-32], we
have never observed this complication. Nonetheless, we are aware that the
incidence of this complication could be underestimated because unilateral
diaphragmatic paralysis usually does not cause significant shortness of
breath unless other underlying pulmonary disease is present.

For prevention of phrenic nerve injury, high output pacing (15 mA, 5-ms
pulse duration) at the eventual ablation site (theoretically near the phrenic
course) before RF delivery and even during RF application may be of use.
This is not a problem at our centre, because usually we do not apply many
pulses to ablate epicardial VT.

When To Perform the Epicardial Approach?

This question has not been answered, and it depends on the preference of
the electrophysiologist. It is not clear whether one should use the epicardial
approach only after an endocardial failure or only when the ECG of a patient
with clinical VT suggests an epicardial origin of VT. As a matter of fact, the
simultaneous approach may have several advantages, such as reduction in
cost, better chance of mapping and ablating all inducible VTs, and an oppor-
tunity to acquire more expertise with the technique.
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Conclusions

Epicardial VT may occur in ischaemic, non-ischaemic, and idiopathic VT.
Truly subepicardial VT can preferentially be ablated from the epicardial sur-
face. The percutaneous subxiphoid approach to the pericardial space is easy
and can be done safely in the EP laboratory by an electrophysiologist. This
approach may improve the results of the catheter ablation procedure.
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SUDDEN DEATH: PREDICTION AND PREVENTION 



Predicting the Sudden Death in the Athlete

D. CORRADO, C. BASSO, M. SCHIAVON, G. THIENE

Introduction

Atherosclerotic coronary artery disease accounts for the vast majority of
sudden deaths (SDs) in the middle-aged and older population. Several epi-
demiologic studies have assessed the relationship between physical exercise
and the risk of sudden coronary death in this age group, in which physical
activity can be regarded as a ‘two-edged sword’ [1–3]. The available evidence
indicated that there is an increased risk of acute coronary events in persons
who do not exercise regularly. Instead, habitual sport activity may offer pro-
tection over the long-term from the overall risk of acute myocardial infarc-
tion and sudden coronary death. Regular exercise is deemed to prevent the
development and progression of atherosclerotic coronary artery disease by
promoting favourable effects on lipid metabolism and weight reduction and
by enhancing the stability of coronary artery plaques and myocardial electri-
cal activity [4–6]. Therefore, although exercise is a potential trigger of acute
coronary events in adults, regular physical activity offers protection over the
long-term against pathologic cardiovascular events.

In contrast, little is known about the risk of SD in younger people
engaged in competitive sports [7–10]. Whether sport activity in this age
group provides health benefits as in adults or instead enhances the risk of SD
remains to be established.

Department of Cardiology and Institute of Pathological Anatomy, University of Padua
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Enhanced Cardiovascular Risk in Young Athletes

We recently examined the incidence and causes of SD in the athletic and
non-athletic young population (12–35 years old) of the Veneto Region of
Italy in order to establish the impact of sport activity on the risk of SD in
this age group. From 1979 to 1999, there were 300 cases of SD in adolescents
and young adults, producing an overall cohort incidence rate of 1 per 
100 000 persons per year. Fifty-five SDs occurred among athletes (2.3 per
100 000 per year) and 245 among non-athletes (0.9 per 100 000 per year),
with an estimated relative risk of SD from all causes of 2.5 (1.8–3.4;
P < 0.0001). The relative risk of SD among athletes vs non-athletes was 1.95
(1.3–2.6; P = 0.0001) for men and 2 (0.6–4.9; P = 0.15) for women.

The rates of SD by cardiovascular diseases were 2.1 in 100 000 athletes
per year, compared with 0.7 in 100 000 non-athletes per year (RR 2.8, CI
1.9–3.7; P < 0.001). The estimated RR of cardiovascular SD was 2.0 for male
athletes (CI 1.4–2.8; P = 0.0001) and 2.6 for female athletes (CI 0.8–6.4; P =
0.06). The cardiovascular causes producing the highest risk of sport-related
SD were anomalous origin of the coronary artery from the wrong coronary
sinus (RR = 79), arrhythmogenic right ventricular cardiomyopathy (ARVC)
(R.R. = 5.4), and premature coronary artery disease (R.R. = 2.6).

By Poisson multivariate regression analysis, the estimated RRs of sports
activity for total SD and cardiovascular SD were 1.95 and 2.1, respectively,
while the estimated RRs of male gender were 2.5 and 2.8, respectively. The
interaction between sports involvement and gender, for both total and car-
diovascular SD, was not significant.

Our study of the Veneto region was the first to quantify the hazard of
physical exercise in adolescents and young adults. The major finding was
that competitive sport activity is associated with a 2.5-fold increase in the
risk of total SD and a 2.8-fold increase in the risk of cardiovascular SD in
young individuals. Sports is not itself the cause of the enhanced mortality,
but it triggers SD in those athletes who are affected by cardiovascular condi-
tions, such as ARVC, premature coronary artery disease, and anomalous
coronary artery origin, each of which predisposes to life-threatening ventric-
ular arrhythmias during physical exercise.

Risk of Sudden Death During Sports: Role of Age and Gender

The assessment of the precise frequency with which SD occurs in young ath-
letes during organised competitive sports encounters a number of practical
obstacles and results in limitations mostly related to retrospective analysis.
Studies in the United States probably resulted in underestimation of the true
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prevalence of sports-related SD, since they relied on reporting from individ-
ual schools and institutions, or on media accounts. Van Camp et al. [11], in a
nationally based survey, estimated the prevalence of SD in high school and
college athletes from the United States to be 0.4/100 000 athlete-years.
Estimated rates in male athletes (age 13–24 years, mean 16.9 ± 2.0) were
0.66/100 000 high-school-athlete-years and 1.45/100 000 college-athlete-
years, while the estimated rates in female athletes (age 14–22 years, mean
16.2 ± 2.4) were 0.12/100 000 high-school-athlete-years and 0.28/100 000
college-athlete-years. However, the methodology employed in that study was
largely dependent on news media accounts, with their inherent limitations.
Maron et al. [12] estimated the prevalence of cardiovascular SD in competi-
tive high school athletes (age range 13–19, mean 16 years) from Minnesota
to be 0.35/100 000 sports participations and 0.46/100 000 individual partici-
pants annually (0.77/100 000 male athletes).

In the Veneto region, the incidence of SD by all causes was 2.3 per 
100 000 athlete-years and that of SD from cardiovascular diseases was 2.1
per 100 000 athlete-years. The reasons for the higher mortality rates found
in the present study compared with those reported by Maron et al. may
include: (1) our prospective vs their retrospective analysis; (2) different
underlying pathologic conditions, which, in part, reflect differences in ethnic
and genetic factors; (3) participation at a higher level of intensity among
Italian competitive athletes; (4) the higher mean age in our series of athletes
(mean age 23 years) compared with high school and college participants in
the USA (mean age 16 years). In this regard, it is noteworthy that the devel-
opment of phenotypic manifestations and arrhythmias associated with a risk
of SD during sports, including cardiomyopathies, premature coronary artery
disease, ion channel diseases (such as Brugada syndrome), and progressive
cardiac conduction disease (such as Lenègre disease), is age-dependent and
occurs during young adulthood [13–17]. Therefore, the risk of fatal events in
high school and college participants in the USA is lower and may explain the
differences with the Italian estimates.

Moreover, in the Veneto study, SDs of young competitive athletes showed
a clear gender predilection, with striking male predominance (male to
female ratio of 10:1). This predominance of fatal events in male athletes is
consistent with the findings of previous surveys of the deaths of these ath-
letes and has been explained as being due to the fact that females participate
less commonly in competitive sports programs than male. Accordingly, the
prevalence of sports participation of young females in the Veneto region
study was only 25% of that of young males. However, male gender was itself
an independent risk for SD in athletes. Males are usually exposed to general-
ly more intensive training and greater levels of intensity during athletic com-
petition than females. Moreover, in the age range of competitive sports,
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males have a higher prevalence and/or phenotypic expression of potentially
lethal cardiac diseases, such as hypertrophic cardiomyopathy, ARVC, and
premature coronary artery disease [14–17].

Cardiovascular Causes of Sudden Death in Young Athletes

ARVC and premature coronary artery disease are the most common patho-
logic backgrounds underlying SD in young athletes in the Veneto region of
Italy [8–10]. Previous studies in the United States showed a higher preva-
lence of other pathologic conditions, such as hypertrophic cardiomyopathy,
anomalous coronary arteries, and myocarditis [7, 11]. This discrepancy may
be explained by several factors. There have been no previous studies compa-
rable to that of the Veneto region that have prospectively investigated a con-
secutive series of SDs in young people living in a well-defined geographic
area and comprising a homogeneous ethnic group. Therefore, the previously
reported causes may have been influenced by the unavoidable limitations in
patient selection arising from retrospective analysis. Moreover, with studies
of large series, autopsy investigation is usually carried out by multiple exam-
iners, including local pathologists and medical examiners. In the present
study, to obtain a higher level of confidence in the results, morphological
examination of all hearts was performed by the same team of experienced
cardiovascular pathologists according to a standard protocol. Comparison
between previous studies and the present one with regard to the prevalence
of ARVC among the causes of SD in young people and athletes is limited by
the fact that ARVC is a clinico-pathologic condition that has been only
recently discovered [13]. ARVC is rarely associated with cardiomegaly and
usually spares the left ventricle, so that affected hearts may be erroneously
diagnosed as normal hearts. In the past, therefore, a number of SDs in young
people and athletes, in which the routine pathologic examination disclosed a
normal heart, may, in fact, have been due to an unrecognised ARVC. The high
incidence of ARVC in our series may also be due to a genetic factor in the
population of the Veneto region [18, 19], although ARVC cannot be consid-
ered as a peculiarly ‘Venetian disease,’ since there is growing evidence that it
is ubiquitous, still largely underdiagnosed at clinical and post-mortem inves-
tigations, and accounts for significant arrhythmic morbidity and mortality
worldwide [20]. Finally, the pre-participation screening of young people who
plan to take part in competitive athletic activity, which has been in practice
in Italy for more than 20 years, has changed the natural prevalence of the
pathologic background of sports-related SD. For example, we recently
demonstrated that SD from hypertrophic cardiomyopathy in young competi-
tive athletes was successfully prevented by identification and disqualification
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of affected athletes at pre-participation screening [9]. As a consequence of
this process, other cardiovascular conditions, such as ARVC and premature
coronary artery disease, have come to account for a greater proportion of all
SDs in Italian athletes.

Mechanisms of Sudden Death in Young Athletes

Previous studies showed that sudden cardiac death is usually the result of an
interaction between structural abnormalities of the heart and transient acute
abnormalities. The mechanisms of SD in the Veneto region series of young
competitive athletes included exercise-related acute myocardial ischaemia,
sympathetic stimulation, and abrupt haemodynamic changes leading to life-
threatening ventricular arrhythmias. In this study, the cardiovascular condi-
tions most likely to cause sport-related SD were anomalous origin of coro-
nary artery from the wrong coronary sinus (RR = 79) and ARVC (R.R. =
5.4). The pathophysiology of cardiac arrest in athletes with anomalous coro-
nary arteries has been related to abrupt ventricular fibrillation precipitated
by exercise-related myocardial ischaemia. This, in turn, is the result of aortic
expansion that compresses the anomalous vessel against the pulmonary
trunk, increases the acute angulation of the coronary take-off, and aggra-
vates the slit-like shape of the lumen [21, 22]. The propensity for ARVC to
precipitate effort-dependent sudden cardiac arrest is still unclear. Physical
exercise may acutely increase right ventricular afterload and cavity enlarge-
ment, which in turn, may elicit ventricular arrhythmias by stretching the dis-
eased right ventricular myocardium [23]. Alternatively, a ‘denervation super-
sensitivity’ of the right ventricle to catecholamines has been proposed [24].
Sympathetic nerve trunks may be damaged and/or interrupted by fibrofatty
replacement in the right ventricle, which distinctively progresses from the
epicardium to the endocardium, resulting in a denervation supersensitivity
to catecholamines. Arrhythmogenic mechanisms in the denervated super-
sensitive myofibers include dispersion of refractoriness and reentry, trig-
gered activity, or both. Recently, in a subgroup of patients with familial
ARVC, a cardiac ryanodine receptor (RYR2) missense mutation leading to
abnormal calcium release from the sarcoplasmic reticulum was identified
[25]. It is noteworthy that wall mechanical stress, like that induced by right
ventricular volume overload during exercise, is expected to exacerbate car-
diac ryanodine channel dysfunction. Therefore, a potential arrhythmogenic
mechanism of sport-related cardiac arrest in patients with ARVC is triggered
activity due to late after-depolarisations, which are provoked by intracellular
calcium overload and enhanced by adrenergic stimulation [26].
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Conclusions

In adults, regular physical exercise offers protection against coronary events
and SD. Conversely, sport activity is associated with a significantly higher
rate of SD in adolescents and young adults. Sports does not enhance mortali-
ty per se; rather, it acts as a trigger of cardiac arrest in those athletes with
silent cardiovascular conditions, mostly cardiomyopathy, premature coro-
nary artery disease, and congenital coronary anomalies, each of which pre-
disposes to life-threatening ventricular arrhythmias during physical exer-
cise. These results should not discourage young people from participating in
sports, but point to the need for an extensive and accurate pre-participation
screening strategy aimed at early identification and disqualification of those
subjects affected by cardiovascular diseases associated with the risk of SD.
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New Markers of Sudden Cardiac Death: Genetic Variables

N. EL-SHERIF, G. TURITTO, V. LAKIREDDY

Conventional Risk Stratification for Sudden Cardiac Death

All recently completed as well as ongoing sudden cardiac death (SCD) pri-
mary implantable cardiovertor defibrillator (ICD) prophylaxis trials have
addressed patients with one or more conventional risk factors for SCD (Fig.
1). The electrophysiologic surrogates for SCD, including measures of
myocardial conduction disorders, dispersion of repolarisation, and auto-
nomic imbalance, are based on sound scientific evidence. Although it is
acknowledged that the positive predictive power of a risk stratifier in a clini-
cal trial is closely related to the duration of follow-up, the majority of con-
ventional risk stratifiers of SCD have a relatively low positive predictive
value, which would preclude their wide application as guidelines for ICD
implantation in patients known to be at risk for SCD. This is not to mention
the impracticality of their use for risk stratification in the general asympto-
matic public. This has prompted the search for new approaches for risk strat-
ification and management of SCD based on recent insights gained from
advances in molecular biology and genetics.

Familial Clustering of SCD

In the last several years, there has been an accumulating body of research
evidence suggesting that there are molecular, genetic, biophysical, and bio-
chemical indicators of SCD [1, 2]. One recent clue of the role that genetic fac-
tors may play in SCD has been evidence of ‘family clustering’ of SCD victims.

Cardiology Division, Department of Medicine, State University of New York, Downstate
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Population studies have reported that familial clustering of SCD events is an
important independent factor in multifactorial analyses of SCD risk. This
may be related to shared environmental or genetically transmittable abnor-
malities. Evidence favouring a focus on genetic factors was presented in
recent epidemiologic studies suggesting not only that familial risks for SCD
appear substantial, but that they are statistically distinct and separable from
familial risks of myocardial infarction (MI) [3-5]. In one study [4], a parental
history of SCD increased the relative risk of SCD to 1.8 after adjustment for
conventional coronary artery disease (CAD) risk factors, but it did not ele-
vate the risk for deaths coded as nonsudden. In a small subset of individuals
in whom there was a history of both maternal and paternal SCD events, the
relative risk for SCD in offspring was increased to 4.

The Autonomic System and Enhanced Susceptibility to SCD

Autonomic neural influences, especially increased adrenergic and decreased
cholinergic activity, can modulate susceptibility to SCD. Resting heart rate
has been shown to be an independent risk factor for SCD in middle-aged
men[6]. There are also data showing the heritability of heart rate variation
[7]. Adrenergic agonists are known to trigger ventricular arrhythmias, and
the diurnal patterns of their circulating levels are similar to those of SCD
events[8]. Polymorphic variations in β1- and β2-adrenergic receptors have
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Conventional Risk Stratifiers of SCD

Electropysiologic Surrogates Functional Contractile Surrogates

*Measures of myocardial conduction disorder *NYHA Class

SAECG, EPS * LVEF

*Measures of dispersion of repolarisation * LV mass

QT dispersion, TWA * Peak 02 consumption

*Measures of autonomic imbalance * Brain natriuretic peptide

Resting heart rate, HRV, BRS

Fig. 1. Risk stratification for sudden cardiac death. BRS baroreceptor sensitivity, EPS
electrophysiologic study, HRV heart rate variability, LV left ventricle, LVEF left ventricle
ejection fraction, NYHA New York Heart Association, SAEGC signal-average electrocar-
diogram, TWA T wave alternans



been noted in patients with dilated cardiomyopathy [9] and have been
reported to influence mortality in heart failure patients[10]. β1- and β2
adrenergic receptor subtype effects have been implicated in the inherited
lethal ventricular arrhythmias in German Shepherd dogs [11]. Recent associ-
ation between plasma nonesterified fatty acids and SCD may be related to
increased adrenergic tone or the effect on ion channel and transporters [12].
Furthermore, mental stress was found to be associated with lateralisation of
mid-brain activity, resulting in imbalanced activity in right and left cardiac
sympathetic nerves and increased dispersion of repolarisation, predisposing
to arrhythmia [13].

Cardiac Gene Mutations and Enhanced Susceptibility to SCD

Invaluable insight into the role of genetic mutations and SCD has come from
studies of mutations of sarcolemmal ion-channel genes involved in myocar-
dial excitability and transcellular conduction, such as the long QT syndrome
[14] and the Brugada syndrome [15], as well as of genes that modulate or
modify intracellular calcium, such as those involving the cardiac ryanodine
receptor/calcium release channel RyR2 [16] and CASQ2 [17] in cate-
cholaminergic polymorphic ventricular tachycardia (VT). The discovery of
literally hundreds of different mutations in the genes that cause the pheno-
typic long QT syndrome [14], for example, raised the possibility that silent
polymorphism or mutations of cardiac genes may be more prevalent in the
asymptomatic general public and may contribute to enhanced susceptibility
to arrhythmogenesis and SCD under specific circumstances. Such circum-
stances can include hypokalaemia-induced long QT syndrome [18] and
proarrhythmic responses to drugs [19–21]. For example, one report demon-
strated that a polymorphism in the gene for MiRP-1 (T8A), estimated to
occur in 1.6% of the population, was associated with a proarrhythmic
response to the antibiotic Bactrim due to a blunted IKr current in response to
the sulfamethoxazole component of the drug [19]. In another report, a vari-
ant allele of the cardiac sodium-channel gene SCN5A (Y1102) was found to
be widespread among African Americans (13%) and African Caribbeans
(19%), whereas it is not found in either Asians or whites. This polymorphism
was associated with prolongation of the QT interval and drug-induced
arrhythmias [21]. The extent to which polymorphism of cardiac ion channels
explains proarrhythmic responses to drugs is unknown. However, the inter-
action of silent genetic alterations with more general physiologic states, such
as enhanced catecholamine drive, and pathologic states, such as acute
ischaemia, remains to be determined. Moreover, the role of modifier genes
(gene–gene interaction) is beginning to be appreciated. In general, geno-

375New Markers of Sudden Cardiac Death: Genetic Variables



type–phenotype correlation studies show significant variability in the phe-
notypic expression of the disease among affected individuals with identical
causal mutations. Overall, causal mutations account for a fraction of the vari-
ability of phenotypes, and genetic background, referred to as the modifier
genes, plays a significant role. Modifier genes are not involved in the genesis
of the disease but modify the severity of the phenotypic expression. The
final phenotype is the result of interactions among causal genes, modifier
genes, and environmental factors. Modifier genes have been investigated in
cardiac diseases, such as hypertrophic cardiomyopathy [22] and heart failure
[23]. Identification of modifier genes will complement the results of studies
of causative genes and could enhance genetic-based diagnosis, risk stratifi-
cation, and implementation of preventive and therapeutic measures of SCD.

Coronary Artery Disease and SCD Cascade

The majority of SCD occurs in patients with atherosclerotic CAD (65–85%)
(Fig. 2) [24]. However, there is considerable evidence that traditional mark-
ers of CAD, such as hypertension obesity, smoking, diabetes, and lipid
abnormalities, are not specific enough to identify patients at high risk for
SCD [25]. Patients with similar risk factors for CAD may suffer from SCD or
nonfatal ischaemic events. The reason for this difference is not clear. Exciting
evidence has been acquired recently in genetic studies of CAD and MI. One
disease-causing gene for CAD and MI has been identified as MEF2A, which
is located on chromosome 15q26.3 and encodes for a transcriptional factor
with high level of expression in coronary endothelium [26]. Approximately
1–2% of CAD patients may carry an MEF2A mutation. Several other suscep-
tibility genes have been identified using genome-wide association studies or
genome-wide linkage studies [26]. There is a new understanding of the cas-
cade that relates the distal events of atherosclerosis to the proximal event of
SCD. New risk markers for SCD in CAD are likely to cluster under factors
that may directly facilitate the development of acute coronary syndromes,
specifically those factors that may facilitate transient triggering events,
including plaque rupture, enhanced thrombogenesis, and coronary artery
spasm [1, 2]. There is significant new data showing correlation between SCD
and (1) markers of plaque vulnerability, such as heritable alterations of spe-
cific matrix metalloproteinases [27]; (2) markers of enhanced thrombogene-
sis, such as increased D-dimer, increased apo-B, and decreased apo-A1 [28],
and polymorphism in platelet glycoprotein receptors [29]; (3) genetic varia-
tions that predispose to vasospasm, such as variations in the vascular
endothelial nitric-oxide synthetase (eNOS) system [30, 31]; and (4) markers
of inflammatory response, such as C-reactive protein (CRP) [32]. Recent
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studies have shown that CRP directly suppresses endothelial progenitor cell
survival, differentiation, and function, key components of angiogenesis and
the response to chronic ischaemia [33].

Diabetes, CAD, and Risk of SCD

Cardiovascular disease is the leading cause of death in individuals with type-2
diabetes, which affects about 15 million Americans [34]. This is compatible
with the ‘common soil’ hypothesis, which postulates that both diabetes and
cardiovascular disease have common genet ic and environmental
antecedents, i.e. ‘they spring from the same soil’ [35]. There is evidence that
diabetes is a significant risk factor for SCD but not for nonfatal MI [36]. The
increased risk of death and mortality rates associated with diabetes are com-
pounded by the fact that many diabetic individuals are unaware that they
suffer from the metabolic syndrome. Recent strong evidence has shown that
the elevated risk for cardiovascular disease starts to increase long before the
onset of clinical diabetes, confirming the so-called ticking clock hypothesis
[37]. The incidence of impaired glucose tolerance and diabetes may be as
high as 39% and 31%, respectively, in patients admitted with acute MI [38].
Recent studies have documented increased inflammation, neovascularisa-
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Fig. 2. Coronary artery disease and sudden cardiac death (SCD) cascade. EP electrophys-
iologic, ICD implantable cardioverter defibrillator, MI myocardial infarction, VF ven-
tricular fibrillation, VT ventricular tachycardia



tion, and intraplaque haemorrhage in human diabetic atherosclerosis [39].
Peroxisomal proliferator-activated receptors (PPARs) are now considered the
nuclear transcriptional regulators of atherosclerosis [39]. Recent experimen-
tal studies have documented plaque stabilisation with PPAR-gamma ago-
nists, a group of medications holding great promise in the treatment of dia-
betic atherosclerosis [39]. Due to the vulnerability of diabetic patients to
plaque rupture and acute MI, a question of considerable importance is whether
patients with CAD, diabetes, or prediabetes, and relatively preserved LV systolic
function (LVEF ≥ 35%) can benefit from primary ICD prophylaxis.

Post-MI Remodelling and Electrophysiologic Vulnerability

A key electrophysiologic alteration in post-MI remodelled heart is down-
regulation of K+ gene expression and K+ currents, resulting in spatially het-
erogeneous prolongation of action potential duration and increased disper-
sion of refractoriness [40, 41]. It has long been recognised that cardiac
hypertrophy from whatever cause is consistently associated with down-regu-
lation of K+ channel genes and K+ currents. However, recent studies have
shown that in the post-MI heart this down-regulation occurs early and may
be dissociated from the slower time course of post-MI remodelled hypertro-
phy [42]. Therefore, it is not surprising that the post-MI heart is more sensi-
tive to hypokalaemia and the proarrhythmic effects of drugs that depress K+

currents, especially IKr blockers. Some pharmacologic interventions that
have been shown to reduce the incidence of SCD in post-MI patients, such as
magnesium [43] and spironolactone [44], may act by countering the effects
of low K+.

SCD and Systolic Dysfunction

A decreased left ventricular systolic function ( LVEF < 35%) recently has
become the main arbiter for primary ICD prophylaxis of SCD. Although the
exact mechanisms involved in the strong correlation between decreased LV
systolic function and increased incidence of SCD are not clearly defined, it is
recognised that one way to combat SCD is to try to halt or improve the dete-
rioration in LV function. The mechanism(s) for the transition from compen-
sated to decompensated heart failure is under intensive investigation, and it
is clear that multiple factors are involved [45]. Some of the more important
mechanisms are the role of continuous loss of cardiomyocytes to apoptosis
in the noninfarcted myocardium, the negative consequences of remodelling
of the interstitial matrix, down-regulation of the β-adrenergic receptor–G-
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protein–adenylyl cyclase pathway, down-regulation of the L-type calcium
current, and alterations in calcium-regulated excitation–contraction cou-
pling [45]. Recent years have seen significant advances in the treatment of
ventricular systolic dysfunction and heart failure. The therapeutic armamen-
tarium includes not only pharmacologic agents, but also electrical and surgi-
cal devices. In addition to the cornerstone drugs for heart failure, such as
digoxin, diuretics, ACE inhibitors, and beta-blockers, new agents, such as the
aldosterone receptor antagonist spironolactone, the endothelin antagonist
bosentan, the vasopeptidase inhibitor omapatrilat, tumour necrosis factor-α,
and the brain natriuretic peptide (BNP) nesiritide, have been investigated in
multicentre trials with varying results [46]. For example, BNP level was
shown to be a strong predictor of SCD in patients with chronic heart failure
[47]. A recent study showed that patients with low plasma BNP, measured at
the convalescent phase after acute MI, have an extremely low incidence of
SCD [48]. In contrast, elevated BNP had a better predictive power among
those with preserved LV function (LVEF > 40%) [48]. Thus, measurement of
BNP may have utility as a risk stratifier for primary ICD prophylaxis.
Electrical devices, including biventricular pacemakers, in selected groups of
patients can improve LVEF and mortality [49]. Furthermore, surgical proce-
dures, such as passive external support, have been shown in experimental
studies to reverse remodelling, with reduced systolic wall stress and
improved adrenergic signalling [50]. The success of LV assist devices [51]
has shown that even in an advanced stage of heart failure the remodelling
process can be reversed. with significant improvement of ventricular func-
tion. Finally, clinical research has demonstrated that gene transfer is a poten-
tial therapeutic option to restore diseased cardiomyocytes and rescue the
failing heart [52].

Conclusions

The immediate future goals for risk stratification and management of SCD
can be summarised as follows [53]:
1. Identification of novel clinical, biochemical, and genetic markers for SCD

and assessment of the functional consequences of sequence variants
identified in human genetic studies, as well as relevant environmental–
genetic interactions.

2. Determination of the heritability of genetic risk factors for SCD, as well
as the factors involved in ethnic-specific differences in risk of SCD.

3. Identification of a battery of a relatively limited number of incrementally
cumulative low- to intermediate-risk variants and development of a ‘sig-
nature’ combination of clinical, biochemical, and genetic markers of SCD.
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However, we should not be surprised that the positive predictive value of
some of the new risk factors, similar to conventional risk factors, will be
relatively low, especially if they are applied to large populations that are
at low risk. In fact, the true value of risk stratification of SCD in the
future may be to identify low-risk populations that do not warrant pro-
phylactic intervention with therapy with demonstrated efficacy, e.g. the
ICD. One approach is to target patients who receive an ICD for primary
prophylaxis per approved criteria and concomitantly conduct studies
within those cohorts to attempt to identify low-risk patients.

4. Identification of novel pharmacologic and nonpharmacologic approaches
for risk modification and prevention of SCD. A prime example is the
recent interest in clinical prevention of SCD by n-3 polyunsaturated fatty
acids. Although the relatively new diet–heart hypothesis that underlies
this therapeutic modality has yet to catch the attention of the clinical
community at large, experimental and clinical evidence points to the
validity of this approach [54].

5. Wider collaboration among different academic and industrial institutions
by sharing research results and resources, such as clinical data, blood,
and other tissues from biorepository centres. The ultimate goal is to iden-
tify novel methods for risk stratification, risk modification, and preven-
tion of SCD that can be applied to the general public at large.
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Sudden Arrhythmic Death: Which Genetic Determinants?

G.A. DANIELI

Introduction

Sudden cardiac death (SCD) is a serious health problem in developed coun-
tries. Estimates of the incidence of SCD in human populations are still
imprecise For example, Myerburg and Spooner [1] pointed out that the fre-
quently cited estimate of 250 000–300 000 SCDs per year in the US is solely
based on the assumption that about 50% of 600 000 cardiovascular deaths
occurred suddenly. In a 30-year population-based study conducted in
Olmsted County, Minnesota, the reported rate of SCD among subjects age
20–40 was 8.7/100 000 in men and 4.1/100 000 in women [2]. More recently,
in England, the incidence of unexpected SCDs in healthy people age 16–64
was estimated at 11/100 000/year [3]. While these two studies produced data
of the same order of magnitude, the estimate of SCD in humans remains far
from being fixed.

Heterogeneity of Determinants of Sudden Death

Sudden death is defined as a natural but unexpected fatal event occurring
within 1 h from the manifestation of symptoms in an apparently healthy
subject [4]. Deaths recorded as ‘sudden’ are frequently the ultimate outcome
of complex and progressive diseases that developed over a long period of
time; these encompass many different clinical and aetiological phenotypes.
Terminal arrhythmogenesis may be a result of the interplay between several
different processes, including atherosclerosis and thrombosis, defects in
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electrogenesis and propagation, influences of the sympathetic and para-
sympathetic systems, ischaemia, and poor vascular control. For these rea-
sons, in people over 60, a fatal event should be considered ‘relatively unex-
pected’, whereas a fatal event is definitely ‘unexpected’ in teenagers and in
young adults, although a small percentage of them may carry concealed
forms of affections predisposing to SCD.

In a prospective study carried out in Venice (Italy) from 1979 to 1996 on
sudden deaths among young athletes and non-athletes (under 35 years of
age), 49 of 269 sudden deaths (18%) were recorded among athletes. The most
frequent causes of such deaths were: arrhythmogenic right ventricular car-
diomyopathy (22.4%), atherosclerotic coronary artery disease (18.4%) and
anomalous origin of coronary artery (12.2%). Among non-athletes, the most
frequent causes of sudden death were: atherosclerotic coronary artery dis-
ease (16.4%), mitral valve prolapse (9.5%), and diseases of the conduction
system (9.1%) [5].

In the same study, in a cohort of 33 735 athletes less than 35 years of age,
1058 subjects were excluded from competitive sports for medical reasons,
58.7% of which involved cardiovascular vulnerabilities. Of these, rhythm and
conduction defects accounted for 38.3%, hypertension for 27.1%, and valvu-
lar defects for 21.7 [5].

It is clear from these data that SCD is a very heterogeneous category that
includes events due to several different causes, ranging from severe myocar-
dial ischaemia to severe conduction defects, to malignant arrhythmias.

More recently, the delineation of a subset of SCDs, sudden arrhythmic
deaths (SADs), was proposed, characterised by the sudden occurrence of fib-
rillation or of potentially lethal ventricular tachy- or bradyarrhythmias as a
cause of death [6]. Although this novel category is probably phenotypically
more homogeneous, it undoubtedly still comprises a heterogeneous group of
diseases, since early triggers of lethal arrhythmias or fibrillation may differ
from patient to patient and may be due to different genetic determinants.

Genes Involved in the Increased Risk of Sudden Arrhythmic Death

The role of genes in SCD was outlined by Spooner et al. in two key reports [7, 8].
In the cohort of SCDs studied by Behr et al. [3], 41% of SCDs in the 16–64

age group were reported as unexplained, since cardiac pathological findings
were normal and toxicological tests were negative. However, subsequent car-
diologic assessment of 104 first-degree relatives of 32 SCD subjects revealed
the presence of an inherited cardiac disease in seven families (22%): four
families carried a long QT syndrome; one a non-structural cardiac electro-
physiological disease; one had myotonic dystrophy, and one hypertrophic
cardiomyopathy.
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More recently, 43 consecutive families were investigated [9] in which
more than one person suffered SCD at less than 40 years of age. Molecular
genetic analysis was conducted to confirm the diagnosis, and all studied rel-
atives underwent resting/exercise ECG and Doppler echocardiography. An
inherited disease and likely cause of death was identified in 17 of 43 families
(40%). Twelve families showed primary electrical disease: catecholaminergic
polymorphic ventricular tachycardia (5 families), long-QT syndrome (4 fam-
ilies), Brugada syndrome (2 families), and long-QT/Brugada syndrome (1
family). Furthermore, there were three families with inherited arrhythmo-
genic right ventricular cardiomyopathy, one family with hypertrophic car-
diomyopathy, and one family with familial hypercholesterolaemia. After mol-
ecular genetic analysis, which was successful in ten families, 151 pre-sympto-
matic disease carriers (8.9 per family) were identified.

The percentage of inherited cardiac diseases among victims of SAD is
probably higher than presently estimated. Actually, thorough clinical investi-
gation of relatives of such individuals is still rather infrequent; moreover,
when molecular genetic tests are done, only a small fraction of the genes
potentially involved in predisposition to SAD are screened.

In the last 10 years, mutations in a series of genes were shown to cause
different forms of cardiomyopathy, and it was demonstrated that cardiomy-
opathy per se is a risk factor for SCD or SAD. A list of genes in which patho-
genic mutations were recorded in human cardiomyopathies, far from being
complete, is reported in Table 1.

Moreover, in the last decade, mutations in genes encoding different car-
diac sarcolemmal Na and K ion channel subunits, listed in Table 2, have also
been described. Such mutations increase the propensity to SCD, due to defec-
tive cell depolarisation and repolarisation. A recent review [10] outlined that
a single clinical phenotype may be caused by different genetic substrates
and, conversely, that a single gene may cause very different phenotypes act-
ing through different pathways.

Mutations in the cardiac ryanodine receptor (RYR2) have been associated
with both arrhythmogenic right ventricular cardiomyopathy type 2 [11] and
catecholaminergic ventricular tachycardia [12]. This has led to the novel
concept that monogenic arrhythmic disorders are linked to defects in
myocardial Ca2+ handling [13]. Later, it was reported that LQT4 , associated
with a high risk of SAD after exercise and emotional stress, is due to muta-
tion of the gene encoding ankyrin-B. Ankyrin B appears to be involved in
positioning of sarcolemmal voltage-gated Na+ channel, Na+/K+ ATPase,
NCX and SR inositol 1,4,5-triphosphate Ca2+ release channels; therefore,
mutations in AKK2 (ankyrin B) result in defective intracellular Ca2+ han-
dling [14]. However, it is also known that TNNT2, mutations in which cause
cardiomyopathy hypertrophic (CMH), associated with a high risk of SAD,
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Table 1. List of genes in which pathogenic mutations were recorded in human car-
diomyopathies

Disease Locus I Gene OMIM

CMH1 14q12 AD MYH7 (myosin H chain) 192600

CMH2 1q32 AD TNNT2 (troponin T) 115195

CMH3 15q22.1 AD TPM1 (a-tropomyosin) 115196

CMH4 11p11.2 AD MYBPC3 115197

CMH7 19q13.4 AD TNNI3 (troponin I) 191044

CMH8 3p AD MYL3 (myosin L chain) 160790

CMH9 2q24.3 AD TTN (Titin) 188840

CMH 14q12 AD MYH6 (myosin H chain) 160710

CMH 20q13.3 AD MYLK2 606566

CMH 15q14 AD ACTC (actin) 102540

CMH 12q23-q24.3 AD MYL2 (myosin L chain) 160781

CMH/WPW 7q36 AD PRKAG2 600858

CMH 9q34 AD GSN (gelsolin) 137350

CMH Xq22 XR GLA (a-galactosidase) 301500

CMD1A 1q21.2 AD Lamin A/C 115200

CMD1D 1q32 AD TNNT2 (troponin T) 601494

CMD1G 2q31 AD TTN (titin) 604145

CMD1I 2q35 AD DES (desmin) 604765

CMD1L 5q33-q34 AR SGCD (d-sarcoglycan) 606685

CMD3A Xq28 XR G4.5 (?) 300069

CMD 14q12 AD MYH7 (myosin H chain) 160760

CMD 14q11.2-q12 AD TNNT2 (troponin T) 191045

CMD 15q14 AD ACTC (actin) 102540

CMD 15q22.1 AD TPM1 (atropomyosin 191010

CMD Xq28 XR G4.5 302060

CMD 6p24 AR DSP (desmoplakin) 605676

CMD Xp21 XR DYS (dystrophin) 300376

CMD 9q13 AR FRDA (frataxin) 229300

CMD 18cen-q12.3 AD TTR (transthyretin) 176300

CMD Xp21.1 XR XK (McLeod) 314850

CMD 17q25.2-q25.3 AR GAA (acid maltase) 232300

ARVD1 14q23-q24 AD TGFbeta3 107970

ARVD2 1q42-q43 AD RYR2 (ryanodine receptor) 600996

ARVD8 6p24 AD DSP (desmoplakin) 605676

ARVD9 PKP2 (plakophilin2)

ARVD-NAXOS 17 AR JUP (plakoglobin) 188840



plays a fundamental role in dynamic Ca2+ buffering during the cardiac cycle;
therefore, the link between myocardial calcium signalling and cardiac
arrhythmias is increasingly evident [15]. It would not be surprising that
mutations in additional, still unidentified genes encoding proteins involved
in intracellular Ca2+ handling might predispose to SCD.

Identification of Causative Mutations in Sudden Arrhythmic Death

As shown by Tan et al. [9], identification of causative mutations in patients
with SAD is very important for pre-symptomatic detection of at-risk family
members. In centres with experience in diagnosing inherited cardiac disease,
clinical assessment and genetic testing should be offered to families of vic-
tims of SAD. However, detecting causative mutations in SAD is not easy at
all, even in the presence of a previous and well-established clinical diagnosis.

Ideally, only DNA sequencing of an entire gene (exons, introns, and
UTRs) and of its promoter region, coupled with a method for detecting large
deletions would assure a detection rate close to 100%. In practice, in most
laboratories, mutation screening involve only the coding sequences.
Denaturing high-performance liquid chromatography (DHPLC) has a detec-
tion rate of over 95%, but for several genes, such as RYR2, the screening pro-
tocol must involve also DNA sequencing of those exons for which the
DHPLC detection rate is poor [16].

Restriction of mutation screening to coding sequences, detection rates
lower than 100%, and with genetic heterogeneity significantly reduce the
expected detection rate of a given gene. In fact, in most laboratories, genetic
analysis identifies disease-causing mutations in 68% of patients with LQT
syndrome, 20% of patients with Brugada syndrome, 32% of patients with
PVA (CPVT+ARVD2), and about 50% of patients with arrhythmogenic right
ventricular cardiomyopathy.
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Table 2. Genes encoding different cardiac sarcolemmal Na and K ion channel subunits

Gene Locus I Disease OMIM

KCNQ1 11p15.5 AD LQT1 192500

KCNH2 7q35-q36 AD LQT2 152427

SCN5A 3p21 AD LQT3 - BRUGADA 603830

KCNE1 (MINK) 21q22.1-q22.2 AD LQT5 176261

KCNE2 (MIRP1) 21q22.1-q22.2 AD LQT6 603796

KCNQ1/KCNE1 11p15.5/21q21.2 - q22.2 AR JLNS1 220400

KCNJ2 17q23.1 – q24.2 AD ANDERSEN-TAWIL 170390



While nonsense mutations are always pathogenic, a missense mutation
identified in a patient or in a victim of SAD must be considered as putative
causative mutations until a very large number of control subjects from the
same population are shown to be negative for the specific variation. In this
situation, information on a ‘putative causative mutation’ should be used with
extreme prudence when dealing with genetic testing of relatives of an index
case.

An important and still open problem is how to evaluate individual risk in
asymptomatic probands. When the pathogenic mutation is detected in a rel-
ative, it is almost impossible to predict whether or not the mutation will
cause the same clinical phenotype observed in the index case. Differences in
environmental factors and individual genetic background may produce sig-
nificant variations in the clinical phenotype caused by the same pathogenic
mutation. Non-pathogenic variability in genes involved in a specific function
related to excitation-contraction coupling (e.g. intracellular Ca2+ handling)
and their independent assortment at each meiosis are expected to produce
wide clinical variability even within the same family.

Last but not least, identifying the causative mutation in a patient with
SAD lacking previous diagnosis is a very difficult task. Results of accurate
autopsies may help in selecting which genes should be screened first, but the
genetic heterogeneity of most cardiac diseases predisposing to SAD always
makes identification of the causative mutation a long, expensive, and often
frustrating work.

Perspectives

The genetic heterogeneity of SAD is very large. Although several genes have
been identified in which pathogenic mutations predispose to SAD, a number
of additional genes involved in this susceptibility have escaped detection.
Table 3 reports a short list of inherited arrhythmic disorders in which the
involved gene(s) remains to be identified.

The positional candidate approach, which has proven successful in many
instances in human molecular genetics, relies on the collection of DNA sam-
ples from large three-generation families, in which thorough clinical assess-
ment of each individual should be available. Unfortunately, such families are
extremely rare.

An alternative approach based on genome-wide association study was
recently proposed [6]. According to this study design, appropriately matched
patients and controls are subject to genome-wide single nucleotide polymor-
phism (SNP) genotyping by DNA chips; SNP allele frequencies are compared
in order to identify regions associated with disease. Such regions are then
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scanned for known functional elements, and cross-species comparisons are
used to identify unknown regulatory elements. At the end, functional ele-
ments are directly sequenced to identify causal variants. This design is very
attractive, although its success is strictly dependent on the appropriate selec-
tion of patients and of controls. The recent introduction of DNA chips for
typing up to 10 000 SNP per individual assay makes this perspective feasible
and interesting.

Due to rapid progress in our knowledge of mutations predisposing to
SAD, the feasibility of screenings for detecting at-risk subjects is being dis-
cussed. The problem of preventive screening is particularly relevant when
dealing with young athletes [17–19].

At the present, mutation screening for the genes MYH7, MYBPC3,
TNNT2, TNNT3, SCN5A, RYR2, DSP, and PKP2, most frequently involved in
SAD, would cost over $800 per person; this would make the perspective of
screening unrealistic, even if it were restricted to teenagers involved in com-
petitive sports. However, further development of dedicated DNA chips for
analysis of selected groups of genes is likely to change this perspective in the
next future.
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Brain Natriuretic Peptide as a Predictor of Sudden Cardiac

Death

H.V. HUIKURI

Introduction

Atrial natriuretic peptide (ANP) and brain natriuretic peptide (BNP) are
vasoactive peptide hormones with natriuretic, diuretic, and vasodilator
activity [1–3]. They have emerged as important candidates in the develop-
ment of diagnostic and prognostic tools for cardiovascular diseases [3, 4]. An
association between elevated levels of natriuretic peptides (NP) and
increased mortality has been established in patients with heart failure [5, 6]
as well as in patients with acute coronary syndromes [7, 8]. Moreover, previ-
ous studies have further extended the role of BNP measurements to risk
stratification of the general population [9–11].

Prediction of sudden cardiac death (SCD) after an acute myocardial
infarction (AMI) is still a challenge. Several methods of prediction have been
proposed [12–20], but none of them, except the measurement of left ventric-
ular systolic function, is in routine clinical use in screening patients for can-
didacy for ant i-arrhy thmic therapy such as implantat ion of a
cardioverter–defibrillator [17]. New methods of risk stratification are there-
fore urgently needed.

BNP and Sudden Cardiac Death

At least two studies have assessed the role of BNP in predicting SCD [18, 19].
A study among patients with chronic heart failure specifically addressed the
value of BNP measurement in the prediction of SCD [18]. Berger et al. [18]
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studied 452 patients with a left ventricular ejection fraction of less than 35%.
Forty-four patients suffered sudden death during a mean follow-up time of
592 ± 387 days. Univariate risk factors of sudden death were log BNP level
(P = 0.006), log N-terminal ANP level (P = 0.003), left ventricular ejection
fraction (LVEF; P = 0.005), log N-terminal BNP level (P = 0.006), systolic
blood pressure (P = 0.01), high endothelin level (P = 0.03), and NYHA
class (P = 0.04). In the multivariate model, log BNP level was the only inde-
pendent predictor of sudden death (P = 0.0006). Using a cutoff point of log
BNP < 2.11 (130 pg/ml), Kaplan–Meier sudden-death-free survival rates
were significantly higher in patients below (99%) compared with patients
above (81%) this cutoff point (P = 0.0001).

Tapanainen et al. [19] studied 521 patients with a recent AMI. During a
mean follow-up of 43 ± 13 months 16 patients (3.1%) suffered SCD. On uni-
variate analysis, high levels of all measured peptides and low EF predicted the
occurrence of non-sudden cardiac death (P < 0.001 for all). Peptides and EF
also predicted the occurrence of SCD (P < 0.05), with elevated BNP (> 23.0
pmol/1) being the most powerful predictor of SCD [hazard ratio (HR) 4.4,
95% confidence interval (CI), 1.4 to 13.8, P = 0.01]. After adjusting for clini-
cal variables, only elevated BNP (HR 3.9, 95% CI, 1.2 to 12.3, P = 0.02) and
low EF (< 0.40%; P = 0.03) remained as significant predictors of SCD.

The main implication of these studies is that the measurement of
BNP can be used to identify the ‘low risk’ patients who may not need further
risk stratification and may not benefit from prophylactic cardioverter-
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Fig. 1. Kaplan–Meier survival curves:
sudden-death-free survival among
patients after acute myocardial infarc-
tion (post-AMI patients) in relation to
plasma brain natriuretic peptide (BNP)
level (by quartile)



defibrillator implantation despite depressed left ventricular function. For
example, in the re-analysis of the study by Tapanainen et al. there were no
SCDs among the patients with the lowest BNP quartile even when they had
an EF of less than 35% (Figs. 1–3). Elevated BNP also had a predictive power
among patients with preserved left ventricular function (EF > 40%) (relative
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Fig. 2. Kaplan–Meier survival curves:
non-sudden-cardiac-death-free sur-
vival among post-AMI patients in rela-
tion to plasma brain natriuretic pep-
tide (BNP) level (by quartile)

Fig. 3. Kaplan–Meier survival curves:
sudden-death-free survival among
post-AMI patients with an ejection
fraction (EF) less than 35% (highest
quartile only)



risk 3.9, 95% CI, 1.0–16.5, P = 0.05). Patients with an EF below 40% also
accounted for the highest cumulative number of SCD events. Prediction and
prevention of SCD among the large number of survivors of AMI who have
preserved left ventricular function will be important in future efforts aimed
at reducing the overall burden of premature SCD. Measurement of BNP may
have clinical value in this respect.

Prediction of SCD After AMI

Several risk markers, such as autonomic markers, the signal-averaged elec-
trocardiogram (ECG), and T-wave alternans, have been extensively studied
as predictors of SCD after AMI [12–14, 19–21]. Most of the studies have sug-
gested that these variables provide information on the risk of subsequent
SCD and arrhythmia events [12–14, 21]. However, the majority of these
observational studies were performed in the era before optimised medical
therapy. For example, in the Autonomic Tone and Reflexes After Myocardial
Infarction (ATRAMI) study, which showed that autonomic markers predict
sudden death, only around 20% of patients were receiving β-blocking thera-
py [12]. Similarly, in studies showing that T-wave alternans after AMI pre-
dicts SCD, only 13% of patients were receiving β-blocking medication [14,
21]. Our previous analyses of the same population as in the present study
suggested that arrhythmia risk variables such as autonomic markers, signal-
averaged ECG, and T wave alternans lose some of their predictive power
among post-AMI patients with optimised β-blocking therapy [19, 20]. In the
light of these findings, the present observations suggest that elevated BNP
may have some potential value in the prediction of SCD among current post-
AMI populations.

Elevated BNP and Risk of SCD

There may be several reasons why BNP provides more specific information
on the risk of SCD than do the other peptides or even the measurement of
LV systolic function. Both ANP and N-terminal ANP are more closely related
to atrial volume loading, whereas BNP secretion from the ventricles is
increased during progressive HF [22, 23] and is released from the ventricles
in response to increased pressure, stretch, and hypertrophy [24]. Ventricular
stretch, hypertrophy, and fibrosis can have significant influences on the elec-
trophysiological properties of the heart via mechano-electrical feedback
[25–28]. Thus, BNP may be an indirect marker of the mechanical factors pre-
disposing a person to the onset and perpetuation of life-threatening arrhyth-
mias. This is also supported by an observation that BNP specifically predict-
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ed the occurrence of SCD late after the index event. It is possible that elevat-
ed BNP is a marker of LV remodelling occurring late after AMI, which then
predisposes to sudden arrhythmic death.

Clinical Implications

A significant proportion of post-AMI patients, even with adequate treat-
ment, are still at high risk of dying during the first few years after the AMI.
The prediction and prevention of SCD is of particular importance, because
recent large-scale randomised trials have documented the mortality benefit
from prophylactic cardioverter-defibrillator implantation in certain high-
risk subgroups of patients [17]. The data from two studies suggest that BNP
level should be included as one of the risk variables in future studies com-
paring the various indexes as predictors of SCD.
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Non-Esterified Fatty Acids as Markers of Sudden Death

R.F. PEDRETTI, M. AMBROSETTI, A. LAPORTA, S. MASNAGHETTI, R. RAIMONDO,
M. SALERNO, F. SANTORO, R. VANINETTI, S. SARZI BRAGA

Introduction

Epidemiological studies on the low mortality rate of Greenland Inuits from
ischaemic heart disease led to the suggestion that despite the high total fat
intake of Eskimos, this low mortality rate was due to the abundance of n-3
polyunsaturated fatty acids (PUFA) from seafood in their diet [1–6]. The n-6
class of PUFA is derived largely from vegetable oils while the n-3 class is
derived primarily from fish oils in today’s diet. Both classes are necessary for
health and must be obtained from our diets. Linoleic acid (C18:2n-6), the
parent PUFA of the n-6 class, is adequately present in the usual diet of today
and can be elongated and desaturated in our bodies. In the chloroplasts of
green leaves, algae, and phytoplankton, linoleic acid can be desaturated to
create α-linolenic acid (C18:3n-3), the parent of the n-3 class of PUFA. It is
largely through ingestion of marine phytoplankton that the n-3 fatty acids
enter the food chain and become abundant in marine foods. A few vegetable
oils, notably canola oil and linseed oil, contain α-linolenic acid, which our
bodies can also elongate and desaturate to form eicosapentaenoic acid (EPA)
(C20:5n-3) and docosahexaenoic acid (DHA) (C22:6n-3), using and compet-
ing in the process with the n-6 fatty acids for the same enzymes. The above
hypothesis-initiated research by many investigators into possible anti-
atherogenic effects of n-3 PUFA. Much has been learned regarding physio-
logical and biochemical changes induced by this class of essential fatty acids
that could have potential anti-atherogenic effects; nevertheless, controversy
persists in the current literature regarding the clinical evidence for beneficial
effects from fish ingestion (the major dietary source of n-3 fatty acids) on
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the development of coronary artery disease.
The possibility that n-3 PUFA (including α-linolenic acid) may reduce

the risk of sudden cardiac death is based on evidence from some prospective
and case–control studies [7–13]. Suggested mechanisms to explain these
findings do not centre on lipid or blood pressure lowering or on anti-throm-
botic effects, but on a specific stabilising effect of n-3 PUFA on the
myocardium itself.

Anti-arrhythmic Effect of n-3 PUFA: Evidence from Studies in Animals

Animal experiments found that n-3 PUFA may have a significant and strong an-
ti-arrhythmic effect. Initial studies by McLennan et al. showed that a 12-month
diet including n-3 PUFA prevented ventricular fibrillation in rats during coro-
nary occlusion and during reperfusion of ischaemic myocardium [14]. Investi-
gators showed also that a diet based on n-6 PUFA had a relative protective ef-
fect, while a diet with saturated fatty acids increased the incidence of the ar-
rhythmias. Further studies showed that the anti-arrhythmic effect of n-3 PUFA
was greater in older animals (more susceptible to sudden death) and was pre-
sent not only when the diet was long-term but also when it was short-term. More-
over, after a diet based on n-3 and n-6 PUFA, the ventricular fibrillation thresh-
old in a monkey animal model was higher than after a standard diet or one rich
in saturated fatty acids [15]. Furthermore, the use of n-3 PUFA was associated
with lower inducibility of ventricular fibrillation by programmed stimulation
in this animal model during acute myocardial ischaemia [16]. Finally, an intra-
venous infusion of n-3 PUFA in conscious exercising dogs with a prior anteri-
or myocardial infarction, just before occlusion of the left circumflex coronary
artery, slowed heart rate and prevented life-threatening ventricular arrhythmias
that invariably occurred in these susceptible animals [17, 18].

Anti-arrhythmic Effect of n-3 PUFA: Possible Mechanisms

The mechanisms of anti-arrhythmic effects of n-3 PUFA are as yet unde-
fined, but many hypotheses have been advanced. Changes in the phospho-
lipid composition of cell membrane induced by n-3 PUFA may be one mech-
anism. Cell membrane function is closely related to its phospholipid compo-
sition, and supplementation with n-3 PUFA results in an increase of EPA and
DHA and a complementary reduction of arachidonic acid levels [19, 20–22].
These changes in the phospholipid composition of the membrane cell can
modify the fluidity of the membrane itself, which is a main determinant of
enzyme and receptor function [19].

A second possible effect of n-3 PUFA may be related to possible competi-
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tion with arachidonic acid for the metabolic synthesis of eicosanoids
[23–25]. High levels of EPA may induce a reduction of the production of
TXA2, which has potential pro-arrhythmic as well as vasoconstrictor and
pro-thrombotic effects, and an increase of the PGI2/TXA2 ratio, which may
contribute to the anti-arrhythmic effect of n-3 PUFA [26–31].

Some interesting experimental findings also suggest that only the free
fatty acid form of PUFA exerts the anti-arrhythmic effect. It is possible that
free fatty acids that originate from the n-3 PUFA that are incorporated into
the membranes of the myocytes become available during acute myocardial
ischaemia in order to exert anti-arrhythmic activity [32, 33].

Finally, concerning the capability of n-3 PUFA to modulate the ionic
channels of the myocyte membranes, experimental findings support an
inhibitory effect of n-3 PUFA on the sodium and calcium currents as well as
on the function of enzymatic systems, as a consequence of the changes in the
membrane fluidity [34–39]. In addition, a possible effect of n-3 PUFA on
receptors may contribute to the suppression and prevention of malignant
arrhythmias [40, 41].

The Omega-3 Index: A New Risk Factor for Death from Coronary Artery

Disease?

Recent evidence from GISSI Prevenzione Trial suggests that supplementation
with 850 mg/day of n-3 PUFA (that is EPA and DHA) can reduce the risk of
coronary heart disease (CHD) by 25% and sudden cardiac death by about
45% in survivors of myocardial infarction [9]. The American Heart
Association now recommends about 1.0 g/day EPA + DHA to reduce risk of
death from coronary artery disease in the secondary prevention setting [42].
In addition, for individuals without known disease (primary prevention), the
American Heart Association recommends the consumption of at least two,
preferably oily, fish meals per week [42]. This amount of fish would provide
about 500 mg EPA + DHA per day.

Since red blood cell (RBC) membranes reflect cardiac membrane n-3
PUFA content, Harris and von Schacky proposed that the content of EPA +
DHA in RBC membranes (expressed as a percentage of total fatty acids) may
be considered as a new risk factor for death from coronary artery disease,
especially sudden cardiac death [43]. This marker has been called the
‘Omega-3 Index’. Harris and von Schacky conducted a randomised, prospec-
tive, double-blind trial to determine the effects of relatively small intakes of
n-3 PUFA on the Omega-3 Index [43]. Subjects were randomised to receive 0
(placebo), 0.5, 1.0, and 2.0 g EPA + DHA per day for 5 months following a
1-month placebo run-in period. Subjects were instructed to completely avoid
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consumption of oily fish for the duration of the study but otherwise to make
no changes in their diets. There were no differences among the four treat-
ment groups at baseline. For the placebo group (n = 22), levels decreased
slightly but significantly (P < 0.001). The index rose from 4.7% ± 0.9% to
7.9% ± 1.7% in the 0.5 g/day group (n = 22; P < 0.001) to 9.9% ± 2.9%
with 1 g/day (n = 9; P < 0.001) and to 11.6% ± 2.4% with 2 g/day (n =
4; P = 0.02). To link the Omega-3 Index with risk estimated in several pub-
lished studies, the authors compared plasma phospholipid EPA + DHA and
whole blood long-chain omega-3 fatty acids [EPA + DHA plus docosapen-
tanoic acid (DPA)] to the Omega-3 Index in a random set of 65 (phospho-
lipids study) and 38 (whole blood study) fasting blood samples. Correlation
coefficients between the Omega-3 Index and whole blood omega-3 fatty
acids and plasma phospholipids EPA + DHA were both greater than 0.9.

Concerning the relationship between the Omega-3 Index and risk for
coronary artery death, in 3 United States studies the Omega-3 Index (or bio-
markers convertible into it) was related to risk. Siscovick et al. obtained
blood from 80 adults experiencing primary cardiac arrest in the Seattle area
and from 108 healthy matched controls [10]. The patients did not have
known CHD at the time of their events. The Omega-3 Index was determined
from these samples and related to risk for primary cardiac arrest. The multi-
variate-adjusted odds ratios for primary cardiac arrest in the highest
Omega-3 Index quartile were about 10% of that in the lowest quartile (95%
confidence interval, 0.1 to 0.4). The mean Omega-3 Index in the highest
quartile was 6.5% with a range of 5.5% to 10.9%. Levels in the lowest quartile
(highest risk) averaged 3.3% with a range of 2.0% to 4.0%. Albert et al.
utilised data from the Physicians’ Health Study (PHS) [11]. In this study, 14
916 healthy male physicians were screened for a wide variety of risk factors
and provided baseline blood samples between 1982 and 1984. Over the next
17 years, 94 men experienced sudden cardiac death. Whole blood long-chain
omega-3 fatty acids (i.e. percentage of total fatty acids as EPA + DHA +
DPA) in these cases was compared to that of 184 age and smoking status-
matched controls. As in the Seattle study, risk of sudden cardiac death was
reduced by about 90% in those subjects with the highest blood EPA + DHA
levels compared with those with the lowest levels. To help define the target
Omega-3 Index, the whole blood values from the PHS were converted into
this parameter using the following equation: Omega-3 Index (%) = Plasma
(%) EPA + DHA x 0.97 + 3.43

Transformation of the data revealed that the average Omega-3 Index for
the highest quartile was 6.9% with a range of 6.1% to 10.1%. Levels in the
lowest quartile were about 3.8% with a range of 2.4% to 4.5%. The third
study to examine the relationship between a blood measure of omega-3 fatty
acids and risk of CHD death was reported by Lemaitre et al. utilising data
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from the Cardiovascular Health Study [44]. These investigators found a
strong, protective relationship between (in this case) serum phospholipid
EPA + DHA and risk for fatal ischaemic heart disease.

The only n-3 PUFA intervention trial that followed clinically meaningful
coronary artery disease endpoints in which the Omega-3 Index was assessed
was SCIMO [45]. This was a randomised, placebo-controlled, prospective
trial in which quantitative coronary angiography was utilised to follow the
effects of EPA + DHA supplementation on plaque progression and regres-
sion in 223 coronary heart disease patients over 2 years. In this trial n-3
PUFA supplementation (3 g EPA + DHA/day for 3 months followed by 1.5
g/day for 18 months) resulted in a slower rate of disease progression (P =
0.04) and a trend toward cardiovascular events (6.25% vs 1.8%, P = 0.1).
The Omega-3 Index increased from a baseline value of 3.4% to 8.3% (P <
0.05) after 2 years on trial.

Harris and von Schacky also analysed the meaning of the Omega-3 Index
estimated from EPA + DHA in secondary prevention trials [43]. The first
study was the Diet and Reinfarction Trial (DART) [7]. In this study, 2033 men
were randomised to either receive or not receive advice to increase their oily
fish intake to about 300 g/week. After 2 years of follow-up, those receiving
the fish advice experienced a 29% reduction in all-cause mortality and a 32%
decrease in ischaemic heart disease mortality compared to controls. The
authors estimated an intake of 2.5 g of EPA per week (357 mg/day).
Assuming that EPA contributes about 40% of the total EPA + DHA in oily
fish, the intake in this study was about 900 mg/day. The Gruppo Italiano per
lo Studio della Sopravvivenza nell’Infarto miocardico Prevenzione study
tested the effects of EPA + DHA supplementation on death from CHD [9].
Patients (n = 11 324) receiving modern cardiac pharmacotherapy were
randomised to receive 850 mg/day of EPA + DHA, 300 mg/day of vitamin
E, both, or neither (the unsupplemented control group). After 3.5 years of
follow-up, the group given just the EPA + DHA (n = 2836) experienced a
20% reduction in all-cause mortality, a 35% decrease in cardiac death, and a
45% reduction in sudden death (all P < 0.01) compared to the control group
(n = 2828). These effects became statistically significant within 3–4 months
of randomisation. Thus, similar intakes of EPA + DHA in the DART and the
GISSI-P study resulted in similar protection. The results of the dose-ranging
study performed by Harris and von Schacky would suggest that intakes of
about 900 mg/day of EPA + DHA would produce an Omega-3 Index of
about 9.5% [43]. Based upon their data as presented above, the authors were
able to make an informed estimate of the Omega-3 Indexes associated with
low and high risk for death from CHD. They found that the average Omega-3
Index associated with the lowest risk for death from CHD was about 8%,
whereas the index associated with the highest risk was lower than 4%.
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In their discussion, the authors emphasised that there are several require-
ments that a potential risk factor or marker must meet to be clinically useful.
The Omega-3 Index fulfils many of these. The epidemiological data, both
between and within populations, as well as from prospective studies, are
quite consistent. A relationship between membrane EPA + DHA levels and
risk of sudden cardiac death is biologically plausible. Currently, the most
likely mechanism by which they appear to operate is via a reduction in
myocardial susceptibility to lethal arrhythmias. In addition, EPA + DHA
may enhance plaque stability, and may be anti-atherosclerotic via a variety
of other mechanisms.

The most important question to be asked of a putative risk factor is
whether changing the risk factor alters disease outcomes. The intervention
trials described above suggest that EPA + DHA fulfil this critical criterion
as well. Moreover, modifiable risk factors (cholesterol, blood pressure, smok-
ing, etc.) have a practical value that unmodifiable ones (age, gender, family
history) lack. The Omega-3 Index can be quickly and easily increased simply
by consuming more long-chain omega-3 fatty acids. The rationale for mea-
suring the Omega-3 Index consists in the fact that it is difficult to know
exactly how much EPA + DHA one is actually consuming from fish. The
EPA + DHA content of a serving of any given fish is unknown. EPA + DHA
content by species present average levels that can vary markedly depending
on season, maturity, the fish’s diet, post-catch processing, and cooking meth-
ods. Even if the omega-3 intake were known, each person is metabolically
unique, with idiosyncrasies in digestion, absorption, tissue distribution, and
cellular metabolism. Individual variations in the in vivo conversion of α-
linolenic acid (the plant-derived omega-3 fatty acid) into EPA and DHA as
well as other dietary variables (e.g. kilocalories, omega-6 fatty acids) can also
influence tissue EPA + DHA levels. These factors conspire together to pro-
duce different levels in people who all consume the same amount of EPA +
DHA. Consequently, knowledge of baseline levels will guide the physician’s
recommendations; not surprisingly, low baseline values may require a larger
dose than a high baseline value. Therefore, the Omega-3 Index may be useful
for assessing both baseline risk and a change in risk as a function of intake.

Conclusions

Low levels of EPA and DHA are independently associated with increased risk
of death from coronary heart disease, especially with sudden cardiac death.
In randomised secondary prevention trials, fish or fish oil have been demon-
strated to reduce total and CHD mortality. RBC fatty acid composition
reflects long-term intake of EPA and DHA. RBC EPA and DHA levels may be
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considered a new risk factor for death from CHD. This potential new risk
factor, the Omega-3 Index, seems to be inversely associated with risk for
CHD mortality. An Omega-3 Index of 8% or greater was associated with the
greatest cardioprotection, whereas an index of 4% or less was associated
with the least. Thus, the Omega-3 Index may represent a novel, physiological-
ly relevant, easily modified, independent, and graded risk factor for death
from CHD that could have significant clinical utility.
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Value of Angiotensin-Converting Enzyme Inhibitors to Prevent

Sudden Death

G. FABBRI, A.P. MAGGIONI

The renin–angiotensin system plays a major role in the pathogenesis and
progression of atherosclerosis, and the value of angiotensin-converting
enzyme inhibitors (ACE-I) in reducing mortality rates and major cardiovas-
cular events in patients with chronic heart failure, asymptomatic left ventric-
ular systolic dysfunction, and in those with acute myocardial infarction (MI)
has been established by multiple randomised clinical trials [1–3]. The clini-
cal indications for ACE-I have also been clearly defined in patients at high
risk of cardiovascular events or diabetes [4].

The systematic overview of trials of early ACE-I therapy in acute MI
shows that the benefit in terms of mortality reduction is generally consistent
among patients with different baseline characteristics and underlying risk.
In addition, most of the benefit from this treatment occurs during the first
few days, when mortality is high [5]. The reduction in mortality at 30 days
was small but highly significant – 7% (SD 2–11%, P < 0.004), corresponding
to the avoidance of an average of five deaths per 1000 patients treated for 1
month.

ACE-I have been shown to improve prognosis not only when started early
after MI but also when administered some time after MI. A significant reduc-
tion in total mortality was found in nearly 6000 patients with signs or symp-
toms of heart failure or left ventricular systolic dysfunction randomised to
receive ACE-I starting 3–16 days after the MI [6–8]. In the Survival and
Ventricular Enlargement (SAVE) study, patients were randomised (capto-
pril/placebo) after infarction and showed a 19% reduction in mortality in
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the captopril group with an average follow-up of 42 months. Mortality reduc-
tion was 22% in the Trandolapril Cardiac Evaluation (TRACE) study and
27% in the Acute Infarction Ramipril Efficacy (AIRE) trial [2]. Further, the
SAVE and other studies have demonstrated a significant reduction in the risk
of re-infarction in patients treated with ACE-I, from 13.2% to 10.8%.

The reduction in total mortality is, in these trials, mostly due to a reduc-
tion in death due to cardiovascular causes. A substantial proportion of car-
diovascular mortality is constituted by sudden death, but it would be diffi-
cult to achieve sufficient power in a single trial testing the effect of ACE-I on
this mode of death, so none has ever been carried out. In the TRACE trial
[7], trandolapril treatment was associated with a significant 24% reduction in
sudden death (RR 0.76; 95% CI 0.59 to 0.98); in the Vasodilator–Heart Failure
Trial II (V-HeFT II), comparing enalapril with hydralazine-isosorbide dini-
trate combination therapy in patients with symptomatic heart failure, sud-
den deaths were significantly reduced by 42% with ACE-I [9], while in the
Studies of Left Ventricular Dysfunction Treatment (SOLVD-T) study the
reduction in deaths classified as being due to arrhythmia was insignificant
(RR 0.90, 95% CI 0.83 to 1.31) [10]. The overview of the trials of ACE-I
involving patients with congestive heart failure showed a nonsignificant
trend toward a reduction in sudden death (OR 0.91, 95% CI 0.73 to 1.12),
with therapy reducing mainly deaths due to progressive heart failure [1].

A meta-analysis of randomised clinical trials of ACE-I in patients with
MI and heart failure or left ventricular systolic dysfunction, with treatment
starting within 14 days of the index event and at least 6 weeks’ follow-up,
showed a significant reduction in cardiovascular mortality and sudden death
[11]. Fifteen trials were included in the meta-analysis, with a total of 15 104
patients; the results showed a reduction in total mortality from 16.8% to
14.4% (OR 0.83, 95% CI 0.71 to 0.97), cardiovascular death was reduced from
14.7% to 12.5% (OR 0.82, 95% CI 0.69 to 0.97).

Sudden cardiac death was classified in 96% of the cases by an endpoints
committee and in the remaining cases was defined as ‘sudden unexpected
collapse without documentation of arrhythmia or collapse due to intractable
ventricular tachycardia/fibrillation’ by the authors of the paper. Among car-
diovascular deaths, sudden death accounted for 36.8% in ACE-I-treated
patients and in 39.8% in untreated patients; the reduction was significant
(OR 0.80, 95% CI 0.70 to 0.92). Two large post-MI trials were not included in
the analysis: GISSI-3 and ISIS-4, the first because it was not placebo-con-
trolled and lisinopril was prescribed for only 42 days, and the second on the
grounds of the duration of the trial (35 days) and because mode of death was
not recorded [12, 13]. However, in the GISSI-3 study, ACE-I had a significant
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protective effect on sudden death (OR 0.81, 95% CI 0.72 to 0.89), and in the
ISIS-4 there was a similar impact on total mortality.

More recent studies have shown the benefit of ACE-I in reducing cardio-
vascular events in high-risk individuals without heart failure or left ventric-
ular dysfunction [4, 14]. In a report from the Heart Outcomes Prevention
Evaluation (HOPE) study, unexpected death (defined as death occurring
within 24 h of the onset of symptoms without clinical or post-mortem evi-
dence of other identifiable causes), documented arrhythmic death, and non-
fatal cardiac arrest were combined in a composite end point to examine the
effect of ramipril on sudden death in these high-risk patients. An Events
Adjudication Committee reviewed all main outcomes of the study [15]; the
common definition of sudden death as death within 1 h from the onset of
symptoms was not used because many of the deaths were not witnessed.
After more than 4 years of follow-up, the composite end point was signifi-
cantly reduced by 21% in the patients randomised to receive ramipril (RR
0.79, 95% CI 0.64 to 0.98). Recently, the EUROPA trial reported a reduction
with perindopril, although not significant, in the risk of cardiac arrest (RR
0.54, 95% CI 0.20 to 1.47) in patients with a risk profile similar to that of par-
ticipants in HOPE. Table 1 summarises the reduction in sudden death in the
above-mentioned trials. The mechanisms by which the ACE-I reduce sudden
death are not fully delineated. These drugs, in addition to their effect on
blood pressure, have several cardioprotective effects: modulation of neuro-
hormonal activation with reduction of circulating norepinephrine and
angiotensin II [16], restoration of balance between myocardial oxygen sup-
ply and prevention of recurrent MI [4, 6, 10], attenuation, and reversal of the
remodelling process that may lead to a reduction in life-threatening arrhyth-
mias [17]. Other mechanisms such as the reduction in potassium depletion
or the increase in prostacyclin synthesis may be involved in these effects of
ACE-I on the incidence of sudden death. The fact that, in the HOPE study,
the divergence of curves occurs after 2 years of treatment tends to support
the idea that the effect of ramipril is mainly due to preventing remodelling
and to reducing myocardial ischaemia.

In conclusion, data from high-risk patients and from patients with MI
indicates that ACE-I are associated with a significant reduction in sudden
death. There are two limitations to the reports: first, the definition and ascer-
tainment of sudden death are not uniform among the trials, and, second, the
publication bias, common to all meta-analyses. However, because sudden
cardiac death was not the primary end point of the studies, the fact that a
study was negative with respect to sudden death is less likely to have influ-
enced the possibility of publication.
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Value of Non-antiarrythmic Drugs in Preventing Sudden

Cardiac Death: Aldosterone Antagonists

L. SAHINER, A. OTO

Introduction

Sudden cardiac death remains as an important public health problem, even in
industrialised countries, despite the considerable improvement in emergency
medical services and the introduction of new therapeutic strategies. Sudden
cardiac death (SCD) is responsible for 50% of the mortality from cardiovascu-
lar disease [1]. In many cases, SCD may be the first manifestation of coronary
artery disease. It is the most common cause of death due to ischaemic heart
disease among the adult population under 65 years of age, and survival rates
after out-of-hospital cardiac arrest remain low. It has been shown in clinical
trials that, compared to the administration of antiarrhythmic drugs,
implantable cardioverter defibrillators (ICD) significantly reduce mortality
due to SCD. This treatment option has added a new dimension to the preven-
tion and management of SCD. Besides antiarrhythmic drugs and ICDs, there
are other drugs that have an indirect but nonetheless important role in pre-
venting SCD. Although these medications do not have a direct electrophysio-
logic action, they prevent SCD by affecting basic neurohumoral, ischaemic,
biochemical, and fibrotic mechanisms that may cause ventricular tach-
yarrhythmias. Aldosterone antagonists are an example of non-antiarrhythmic
drugs that have been shown to reduce the incidence of SCD in clinical trials.

Cardiovascular Effects of Aldosterone

Following its discovery in the early 1950s, the endocrine actions of aldos-
terone have been extensively studied and documented [2–5]. Aldosterone’s
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main endocrine function is the regulation of sodium and potassium, and
volume homeostasis. The activity of the hormone is mediated through sodi-
um reabsorption and potassium excretion in the distal renal tubules and col-
lecting ducts. Its release from the adrenal cortex is stimulated by increased
levels of serum potassium, angiotensin II, adrenocorticotropic hormone
(ACTH), and by sodium depletion [6–8]. Aldosterone regulates extracellular
volume and electrolyte balance via mineralocorticoid receptors on renal
tubular epithelial cells.

In addition to renal tubular epithelial cells, mineralocorticoid (MR)
receptors are present in various non-renal locations [9], mainly, heart [10,
11], brain tissue [12], and the vasculature [13]. This finding suggests that
aldosterone has local effects at different tissue levels. In animal studies,
aldosterone biosynthesis was also shown in myocardium [11], brain [12] and
vascular smooth muscle cells [14]. Aldosterone synthesis at extra-adrenal
sites seems to be regulated by the same factors that regulate adrenal synthe-
sis, and many of the negative effects of aldosterone are mediated by MR
receptors in these non-renal sites. For example, increased local production of
aldosterone and angiotensin converting enzyme (ACE) have been detected in
the ventricles of patients with heart failure. It has been shown that aldos-
terone contributes to cardiovascular toxicity in humans independent of the
effects of angiotensin II, and a correlation exists between aldosterone con-
centration and cardiovascular morbidity and mortality. In the Cooperative
North Scandinavian Enalapril Survival Study (CONSENSUS), significantly
greater mortality at 6 months was shown in patients who had baseline
aldosterone concentration above the median values [15].

In patients with heart failure, overproduction of aldosterone leads to an
inappropriate increase in sodium and water retention. This fluid and sodium
retention produces a volume overload that further impairs the ability of the
heart to pump adequate amount of blood to peripheral tissues. With the
reduction of forward blood flow, a generalised systemic vasoconstriction
occurs that impairs renal blood flow. Eventually, a vicious circle is formed in
which the release of angiotensin II from the kidneys leads to a further rise in
aldosterone and volume overload.

Aldosterone increases the risk of ventricular arrhythmias by increasing
renal potassium and magnesium excretion [16]. Because of the negative
effect of this electrolyte imbalance, aldosterone increases the risk of SCD in
patients with heart failure and in post-myocardial-infarction (MI) patients.
In patients with congestive heart failure, the kaliuretic and magnesiuretic
effects of aldosterone can be reverted by aldosterone receptor antagonists,
which may explain the preventive effects of these drugs on SCD. Aldosterone
has also been demonstrated to have proarrhythmogenic effects on rabbit
cardiomyocytes by increasing sodium influx and Na/K pump activity [17].
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An animal study showed that aldosterone exposure increased calcium cur-
rent in adult rat cardiomyocytes, an effect that was inhibited following aldos-
terone blockade by spironolactone [18].

It has been shown in various animal models and clinical studies that
aldosterone causes cardiovascular injury, independent of its effects on blood
pressure – the so-called mechanical effects of aldosterone. Aldosterone caus-
es vascular inflammation and fibrosis in animal models. The mechanisms
through which aldosterone causes cardiac and vascular fibrosis have been
investigated in many studies. Aldosterone increases vascular angiotensin
(AT)1 receptor binding [19]. It also increases AT1 receptor density and
mRNA accumulation in rat heart [20]. Thus, aldosterone may, at least in part,
exert its adverse effects on cardiac remodelling by potentiating the effects of
angiotensin II. Moreover, aldosterone has been shown to have a direct pro-
fibrotic action by increasing collagen production by cardiac fibroblasts [21,
22]. It also increases plasminogen activator inhibitor-1 (PAI-1) expression,
which promotes fibrosis [23, 24]. In an animal study in normotensive rats,
aldosterone infusion for 24 h led to increased cardiomyocyte apoptosis [25].
Since necrotic myocytes serve as stimuli for fibrosis in myocardium [26],
increased apoptosis and myocardial necrosis may be another mechanism to
explain aldosterone-mediated cardiac fibrosis.

Propeptide of type III collagen (PIIINP) is a serum marker of collagen
synthesis. In the Randomised Aldactone Evaluation Study (RALES), serum
PIIINP levels were significantly reduced in a group of patients treated with
spironolactone [27]. In a study by Modena, 46 post-MI patients were ran-
domised to spironolactone or to placebo. After a 1-year follow-up, serum PII-
INP levels were found to be lower in the treatment arm [28]. These data sug-
gest that aldosterone exerts an adverse remodelling effect on myocardium
and promotes cardiac fibrosis. Increased myocardial fibrosis may act as a
substrate for the genesis of life-threatening ventricular arrhythmias.

Aldosterone has also been shown to have proatherogenic actions and it
promotes endothelial dysfunction [29]. Possible mechanisms that may be
involved in aldosterone’s effect on endothelial function include aldosterone-
induced reduction of NO levels and a reduction in the generation of oxygen
free radicals [30, 31]. Patients with heart failure who were treated with
spironolactone for 1 month had an increased endothelium-dependent fore-
arm blood-flow response to acetylcholine [32]. Aldosterone induces vascular
inflammation and fibrinoid necrosis of the small arteries and arterioles,
leading to a reperative fibrotic process. An inverse relation between aldos-
terone and large-artery compliance in late-stage heart failure patients has
also been suggested [33]. Together with its hypertensive effects, aldosterone
increases the occurrence of ischaemic events by promoting endothelial dys-
function, perivascular fibrosis, and a decrease in arterial compliance. This
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constitutes a suitable background for the progression of heart failure and the
occurrence of arrhythmic SCD.

Experimental studies suggest that aldosterone has autonomic effects,
independent of the actions of angiotensin II. Aldosterone blunts the barore-
ceptor heart-rate response to noradrenaline infusion and increases sympa-
thetic nervous system activity [34]. It modulates parasympathetic tone and
results in reduced heart rate variability (HRV) parameters. Reduced HRV is
associated with increased mortality and a higher incidence of SCD in heart
failure [35]. Aldosterone has also been shown to block extraneuronal nora-
drenaline uptake [36]. All of these actions of aldosterone can predispose to
arrhythmias and SCD.

In a study conducted in rats, aldosterone blockade by canrenone (active
metabolite of spironolactone) was found to attenuate left ventricular (LV)
remodelling, improve LV systolic and diastolic function, reduce interstitial
and perivascular fibrosis, decrease myocardial norepinephrine content, and
increase the ventricular fibrillation threshold [37]. A study by Ramires et al.
showed that addition of spironolactone to standard therapy in patients with
congestive heart failure due to idiopathic or ischaemic dilated cardiomyopa-
thy reduces the frequency of ventricular premature complexes and episodes
of non-sustained ventricular tachycardia [38]. Aldosterone blockade has also
been shown to reduce vascular collagen turnover, improve HRV, and reduce
heart rate, especially in the early morning hours [35]. The latter finding is
particularly noteworthy as it suggests that blocking the action of aldosterone
reduces the incidence of ischaemia in the early-morning, when sudden death
is 2.5 times more common in patients with heart failure. Addition of spiron-
dactone to conventional treatment decreases QT dispersion [39] and has
positive effects on HRV [40].

The ‘Aldosterone Escape’ Phenomenon

Despite the lowering of angiotensin II activity, ACE inhibitors completely
block aldosterone production. In fact, a progressive rise in aldosterone levels
under ACE inhibitor therapy has been demonstrated in clinical studies. This
finding, termed ‘aldosterone escape,’ may be explained by ATII production
independent of ACE activity (so-called angiotensin escape), ACE production
that is not inhibited by ACE inhibitors, and ATII-independent aldosterone
production. MacFadyen and colleagues reported that in patients with symp-
tomatic heart failure who were on ACE inhibitor therapy aldosterone sup-
pression failed in 38% of cases [41]. In the Randomised Evaluation of
Strategies for Left Ventricular Dysfunction (RESOLVD) pilot study, aldos-
terone levels were significantly lower after 17 weeks in both treatment arms
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(candesartan and enalapril); however, levels returned almost to baseline in
all three groups by the 43rd week [42]. In another study, conducted in a
smaller sample of heart failure patients, 11 of 34 patients had elevated serum
aldosterone levels in spite of complete ACE inhibition [43]. These data,
together with knowledge of the correlation between serum aldosterone levels
and mortality in heart failure patients, constitute the rationale for more spe-
cific blockade of aldosterone action in addition to ACE inhibition in patients
with heart failure.

Sudden Cardiac Death and Aldosterone Receptor Antagonists: What We

Have Learned from Recent Trials

Two important landmark studies have shown the clinical benefits of aldos-
terone receptor antagonists, RALES [44] (Randomised Aldactone Evaluation
Study) and EPHESUS (Eplerenone Post-Acute Myocardial Infarction Heart
Failure Efficacy and Survival Study) [45].

RALES was a randomised double-blind study that enrolled 1663 patients
with severe heart failure, a LV ejection fraction below 35%, and who were
being treated with ACE inhibitor, digitalis, and diuretics. Patients were ran-
domly assigned to receive 25 mg spironolactone or placebo to assess the
primary end-point of death from all causes. The trial was stopped early,
after a mean follow-up of 24 months, because of the significant beneficial
effect of spironolactone. There was a 30% reduction in the risk of death
among patients in the spironolactone group. Importantly, spironolactone
reduced the risk of death from progressive heart failure and SCD. The
authors suggested that the preventive effect of spironolactone on SCD was
related to decreased potassium loss and increased myocardial uptake of
norepinephrine in response to the drug. The potential of spironolactone in
preventing myocardial fibrosis was also suggested to have a role in reducing
the risk of SCD, as myocardial fibrosis is well-known to predispose patients
to reentry ventricular arrhythmias. One of the criticisms of the RALES
study was that only 11% of the patients were on beta-blocker therapy. Since
some of the beneficial effects of beta-blockers and spironolactone are pro-
duced by similar mechanisms, it is unclear whether spironolactone would
still have a beneficial effect if the majority of patients were also on beta-
blocker therapy. A substudy of RALES, published later, implicated a poten-
tial link between the antifibrotic effects of spironolactone and decreased
mortality [27]. In this study, serum levels of PIIINP, which is a marker of
collagen turnover, were significantly reduced by spironolactone and this
predicted decreased mortality.

Eplerenone is a new, competitive antagonist of aldosterone that has a
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higher degree of selectivity for the mineralocorticoid receptor. EPHESUS
was conducted as a double-blind, placebo-controlled study to evaluate the
effect of eplerenone on mortality and morbidity among post-MI patients
with additional complications of LV dysfunction and heart failure. The 6632
patients participating in the study were randomly distributed to eplerenone
and placebo arms in addition to optimal medical therapy. After 16 months
of follow-up, eplerenone was found to reduce risk of death from any cause by
15%. It also reduced cardiovascular deaths and hospitalisations due to car-
diovascular events. Interestingly, eplerenone decreased the rate of SCD by
21%. In contrast to RALES, 75% of the patients in EPHESUS were on beta-
blocker therapy.

In EPHESUS, a large part of the reduction in cardiovascular mortality
was due to a 21% reduction in the rate of SCD. The authors postulated that
this important beneficial effect was due, in part, to a positive effect of aldos-
terone on electrolyte (especially potassium and magnesium) balance. Other
proposed mechanisms were reduction of coronary vascular inflammation
and interstitial fibrosis, reduction of oxidative stress, improvement in
endothelial function, attenuation of platelet aggregation, improvement in
ventricular remodelling, reduction of sympathetic tonus, and improvement
in HRV and norepinephrine uptake.

Conclusions

Based on these data, we can conclude that although aldosterone antagonists
are non-antiarrhythmic drugs, they have a significant preventive effect on
SCD. The available data have focused particularly on the patients with low
ejection fraction and congestive heart failure. New studies are needed to
expand the indications to use aldosterone antagonists to prevent SCD.
Potential mechanisms by which these drugs prevent SCD include prevention
of aldosterone-induced cardiac and arterial fibrosis, improvement in arterial
compliance, reduction of the adverse effects of aldosterone on cardiac
remodelling, improvement of endothelial function and NO activity, improve-
ment in the autonomic nervous system function via a reduction in sympa-
thetic nervous system tonus, improvement in HRV and baroreflex sensitivity,
and an increase in myocardial norepinephrine uptake By decreasing urinary
excretion of potassium and magnesium, aldosterone antagonists also aid in
protecting against life-threatening ventricular arryhthmias.
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After DEFINITE, SCD-HeFT, COMPANION: Do We Need to Implant

an ICD in All Patients With Heart Failure?

D.S. CANNOM

Recent clinical trials of implantable cardioverter defibrillators (ICD) suggest
that up to 50% of the deaths in patients with left ventricular systolic dys-
function (LVSD) secondary to coronary artery disease (CAD) are sudden or
arrhythmic in nature [1]. This incidence is lower in heart failure (HF) due to
non-ischaemic aetiologies. As LVSD and symptom severity progress, overall
mortality increases, yet the percentage of deaths classified as sudden
decreases. In more recent clinical trials using angiotensin converting enzyme
(ACE) inhibitors and β-blockers, New York Heart Association (NYHA) class
II patients have an annual mortality of 6% with approximately 60% of these
deaths sudden. However, NYHA class IV patients have an annual mortality of
approximately 20% with only around 30% of these deaths sudden [2].

Attempts at identifying which patients with HF are at an increased risk of
sudden cardiac death (SCD) have met with limited success. To date, there is
still no single best measurement to identify which HF patients will die from
an arrhythmia rather than progressive LVSD. Simple clinical markers such as
greater age, degree of LVSD, and severity of HF predict overall mortality but
have low specificity for the mode of death. Syncope has been reported to be
one specific clinical marker associated with increased SCD [3–5]. High-fre-
quency ventricular ectopy does indicate a worse prognosis, yet controversy
remains as to whether this is predictive of the mode of death rather than a
reflection of the degree of LVSD [6, 7]. Inducibility of ventricular tachycardia
(VT)/ventricular fibrillation (VF) during electrophysiology testing (EPS) has
a low sensitivity in patients with non-ischaemic or dilated cardiomyopathy
(DCM). It does predict an increased risk of SCD in ischaemic cardiomyopa-
thy (CM), but does not predict overall mortality [8, 9].
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The results of the recently completed ICD trials – including Multicenter
Automatic Defibrillator Implantation Trial (MADIT) I and II, Defibrillators
in Nonischemic Cardiomyopathy Treatment Evaluation (DEFINITE), Sudden
Cardiac Death in Heart Failure (SCD-HeFT) and Comparison of Medical
Therapy, Pacing and Defibrillation in Heart Failure (COMPANION) – clearly
establish a survival advantage for selected patients with HF who receive an
ICD. The largest HF trial is COMPANION, which enrolled patients based on
both advanced HF status (NYHA class III and IV) and a low EF: both a sur-
vival benefit and reduced congestive heart failure (CHF) hospitalisation for
cardiac resynchronisation therapy (CRT) and ICD therapy in combination
was clearly seen. In less advanced heart failure (NYHA class I and II), the
most important risk stratifier seems to be ejection fraction rather than CHF
status (see below).

The Role of the ICD in Preventing SCD in Patients with CAD

Three well-designed primary prevention trials in patients with reduced EF
and CAD support a role for the ICD in patients with low EF [10–12]. MADIT
I and the Multicenter Unsustained Tachycardia Trial (MUSTT) examined
patients with CAD, EF below 40%, and inducible VT/VF at EPS. MADIT I
reported a 54% mortality reduction, with most of the benefit seen in patients
with a history of HF (approx. 40% of patients), EF below 26%, or left bundle
branch block (LBBB) [10]. MUSTT showed a 27% risk reduction in SCD sole-
ly attributed to use of the ICD and not anti-arrhythmic drug therapy [11].
Approximately two-thirds of the enrolled patients were either NYHA class II
or III. MADIT II evaluated patients with CAD and EF below 30% and did not
require inducibility of VT/VF by EPS. The ICD produced a 31% risk reduc-
tion in overall mortality, with the majority of the benefit occurring in
patients with a QRS duration greater than 120 ms [12]. Approximately 60%
of the patients were either NYHA class II or III.

The DEFINITE and SCD-HeFT Trials

Previous small studies examining the role of prophylactic ICDs among
patients with DCM did not define the role of the ICD. The Amiodarone ver-
sus Cardioverter Study (AMIOVIRT) reported no mortality difference
among patients with DCM and asymptomatic non-sustained ventricular
tachycardia (NSVT) [13]. Similarly, the German Cardiomyopathy Trial (CAT)
was stopped when interim statistical analysis suggested the impossibility of
any mortality difference emerging between ICDs and medical therapy
among patients with DCM diagnosed within 12 months of enrolment [14].
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The neutral results of these studies were due to inadequacy of the sample
size and the absence of a requirement for symptomatic heart failure, which
in turn contributed to lower than expected event rates. In contrast, the
recently reported Defibrillators in Nonischemic Cardiomyopathy Treatment
Evaluation (DEFINITE) trial, which randomised 458 patients with DCM, left
ventricular ejection fraction below 35%, and asymptomatic NSVT to receive
ICD or conventional medical therapy, demonstrated a 34% reduction in all-
cause mortality in ICD patients, but that did not reach statistical significance
[15]. A post-hoc analysis of NYHA class III patients showed a 67% relative
reduction in all-cause mortality, again showing that patients with left ven-
tricular dysfunction and more advanced HF symptoms are most likely to
benefit from ICD therapy, as in MADIT I and COMPANION.

The hypothesis of SCD-HeFT was to determine, by intention-to-treat
analysis, whether either ICD or amiodarone reduces all-cause mortality com-
pared with placebo in patients with ischaemic or dilated cardiomyopathy,
NYHA class II–III HF and left ventricular ejection fraction of 35% or less
[16]. Event estimates were based on an estimated 10% per year all-cause
mortality rate in the control arm at a minimum follow-up of 2.5 years. A
total of 2521 patients were enrolled between 16 September 1997 and 18 July
2001 at 148 sites in North America and New Zealand. Follow-up terminated
on 31 October 2003 yielding a median (25th, 75th percentile) follow-up dura-
tion of 40.8 (29.7, 53.0) months. This long follow-up duration exceeds that of
any prior study of ICDs or drug therapy for prevention of SCD.

Fifty-two percent of enrolled patients had an ischaemic cardiomyopathy,
48% had a DCM, 70% were NYHA class II and 30% were class III. A high
standard for optimal medical management of HF was maintained, which
countered a historical criticism of earlier ICD trials. At last follow-up, 87% of
patients were taking either an ACE or angiotensin receptor blockade (ARB),
78% were taking β-blockers, 80% were taking diuretics, and 31% were taking
spironolactone. There were no important differences in relation to baseline
demographic variables, substrate, NYHA class, or medical therapy among
treatment groups, with the exception of slightly more β-blocker use in class
II (71%) than in class III (64%) patients.

The primary result of SCD-HeFT was a significant reduction in all-cause
mortality with ICD therapy compared to amiodarone or placebo. Five-year
all-cause mortality was 35.8% in the placebo group, 34.1% in the amiodarone
group, and 28.9% in the ICD group (Fig. 1). Thus, ICD therapy conferred a
23% relative reduction in all-cause mortality [hazard ratio (95% confidence
interval) 0.77, P = 0.007]. This difference in mortality emerged within 18
months of enrolment and was sustained throughout follow-up. The majority
of deaths were cardiac (68%, similarly distributed among treatment groups),
and the mortality benefit of ICD therapy was due entirely to a reduction in

427After DEFINITE, SCD-HeFT, COMPANION: Do We Need to Implant an ICD in All Patients With HF?



arrhythmic deaths (39% in the placebo arm vs 20% in the ICD arm).
The mortality reduction among patients with ischaemic cardiomyopathy

approximates that observed in MADIT II and serves to validate the findings
of that study. More importantly, the equivalent mortality reduction among
patients with DCM demonstrates that the primary prevention mortality ben-
efits of ICD therapy seen in ischaemic cardiomyopathy are identical to those
seen in DCM populations.

There were many peculiarities in the SCD trial design but, although pre-
sent, they do not distract from the overall results. Defibrillation threshold
testing (DFT) testing was minimal, and if DFTs under 30 J could not be
obtained, the device was still implanted. Also, the device was programmed as
a ‘shock only’ device without any of the benefits of anti-tachycardia pacing
programmed ‘on.’ Finally, the hazard ratio for those patients with a left ven-
tricular ejection fraction over 30% (285 patients) was 1.08. The hazard ratio
for patients with ejection fractions equal to or under 30% (1390 patients)
was 0.73. Thus, there was no benefit of the ICD in patients with an ejection
fraction between 30% and 35%. The benefit of ICD therapy was greater in
patients with a QRS duration greater than or equal to 120 ms (hazard ratio
0.67). This finding was also noted in the MADIT II trial. While there was a
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Fig. 1. The Kaplan–Meier estimates of death from any cause in the SCD-HeFT trial. Note
the 5-year reduction in mortality by the ICD of 23% compared to either placebo or amio-
darone.This difference was noted irrespective of the cause of the cardiomyopathy (ischaemic
or dilated) but was limited to NYHA class II patients only. CI confidence interval



significant reduction in mortality in patients with NYHA class II disease
(7.9% at 5 years), patients with NYHA class III CHF had no apparent reduc-
tion in the risk of death (hazard ratio of ICD vs placebo 1.16) (Fig. 2).
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Fig. 2a, b. The Kaplan–Meier estimates of death from any cause for the prespecified sub-
groups of NYHA class II (a) and class III (b) in the SCD-HeFT trial. There was no
apparent risk reduction of death in ICD therapy in class III patients compared with
placebo (HR 1.16)

a

b



Despite this finding, the authors state in the discussion that ‘we do not
believe that the unanticipated subgroup effect will be found as a sufficient
basis for withholding ICD therapy from patients in NYHA class III.’ Recently
presented data from SCD-HeFT showed that in surviving patients NYHA
class actually improved over time for the surviving population within each
treatment group [17]. This occurred despite the associated mortality in each
arm. One possible explanation for this finding is that more intense pharma-
cological therapy improved these patients and that their actual CHF status
was misclassified at enrolment due to under-treatment with CHF medica-
tion. An opposite finding was noted in MADIT II patients, 30% of whom had
progression of their CHF over time: the role of right ventricular pacing is
being evaluated as a possible cause of this deterioration.

Heart failure is probably not as relevant a way to select patients as the
presence of a low ejection fraction alone. Of course most of these low ejec-
tion fraction patients will have HF. But the inconsistency of benefit from the
ICD across studies (e.g. the differences in benefit in class III patients
between DEFINITE and SCD-HeFT) reinforces the importance of a low ejec-
tion fraction rather than an attempt to categorise HF which depends upon a
subjective interpretation of patient symptoms. Other causes of HF, e.g. dias-
tolic dysfunction and a high ejection fraction, would not qualify a patient for
an ICD. Medicare has recently agreed to fund the SCD-HeFT indications in a
broad decision which includes all patients with an ejection fraction below
35% due to either an ischaemic or a non-ischaemic cause and irrespective of
NYHA HF studies or QRS duration (Centers for Medicare and Medicaid
Services memo accessible at http://www.cms.hhs.gov/mcd/viewdraftdeci-
sionmemo.asp?d=139).

The COMPANION Trial

The COMPANION trial expanded the earlier studies of CRT that analysed
only functional endpoints. These earlier trials, including those with an ICD,
were intended primarily for US Food and Drug Administration approval for
a specific device. However, the COMPANION trial was a serious scientific
trial designed by some of the top experts in the HF and ICD world. Its design
features and endpoints were chosen to clarify whether CRT alone or in com-
bination with an ICD will improve mortality and morbidity in HF patients.

The COMPANION enrolment criteria included patients in NYHA class III
or IV HF, with normal sinus rhythm, QRS duration 120 ms or more, a PR
interval of 150 ms or more, left ventricular ejection fraction 35% or less, and
left ventricular end-diastolic dimension 60 mm or more [18]. Enrolled
patients were required to be taking optimal pharmacological therapy (OPT)
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including a β-blocker for at least 3 months, a diuretic, ACE inhibitor or ARB,
and spironolactone for 1 month. Furthermore, patients had to have a history
of a hospitalisation for HF in the year before enrolment. Patients were ran-
domised in a 1:2:2 strategy to OPT alone, OPT with CRT, or OPT with CRT-D
(CRT + ICD). The primary endpoint of the trial was the time to all-cause
mortality or all-cause hospitalisation. A secondary endpoint was all-cause
mortality.

The first patient was enrolled in the trial on 20 January 2000. On 18
November 2002, the Data and Safety Monitoring Board recommended that
the Steering Committee stop enrolment because a target number of primary
endpoints had been reached, and the primary endpoint and efficacy bound-
aries had been crossed. Therefore, enrolment was stopped on this date.

The randomisation was very consistent across all three groups. More than
80% of the patients were in NYHA class III rather than class IV HF. Also, the
mean ejection fraction of the enrolled population was between 20% and
22%, which is only slightly lower than that of MADIT II (which was 23%).
QRS duration averaged 158–160 ms, with approximately 70% of the patients
having LBBB rather than right bundle branch block (RBBB). Despite the fact
that the use of β-blockers and ACE inhibitors was required for enrolment,
only 70% of the population was on ACE inhibitors, and 66–68% were on 
β-blockers at the time of randomisation. This demonstrates the difficulty in
maintaining patients on these drugs even in a carefully controlled research
environment.

The main reason that the primary endpoint of the COMPANION trial was
met was the very high event rate (68%) in the OPT group. Both CRT and
CRT-D reduced the primary endpoint (hospitalisation for CHF or death) by
20% (P = 0.008 for CRT and 0.007 for CRT-D). Although only 1600 patients
were enrolled, the high event rate in the OPT group allowed the primary
endpoint to be successfully reached.

The endpoint of greatest interest to the electrophysiology community was
the effect of CRT-D on the secondary endpoint of all-cause mortality. The 12-
month mortality in the OPT group was 19% and was double that at 24
months. CRT alone reduced 1-year mortality by 24% (P = 0.06), and CRT-D
reduced the 1-year mortality by 43% (P = 0.003) compared to OPT (Fig. 3).

It is important for the clinician to appreciate that only 54–59% of the
patients in this trial (depending on which arm is being considered) had an
ischaemic cardiomyopathy. It also appears that the CRT benefit was equal for
NYHA class III and class IV patients. QRS width affected survival, with the
greatest benefit for those patients with the widest QRS (locker use was asso-
ciated with a significantly more favourable outcome.

On the basis of these data, there is now scientific evidence to support the
concept that CRT-D reduces HF mortality. The COMPANION trial showed

431After DEFINITE, SCD-HeFT, COMPANION: Do We Need to Implant an ICD in All Patients With HF?



that two-thirds of this effect can be attributed to CRT alone, whereas one-
third is attributable to the ICD. Thus, all patients considered for CRT in 2005
are candidates for a back-up ICD as well.

Conclusions

Few, if any, technological breakthroughs in clinical electrophysiology have
reached broad acceptance as quickly as the ICD and CRT. The impact of
these devices on patients with end-stage HF has been an important clinical
adjunct to routine background medical therapy. This field has changed so
rapidly that the clinician still wrestles with the problems of how far to
extend prophylactic ICD therapy to the HF population and which patients
should be selected for CRT therapy and, in turn, for CRT-D therapy. A North
American Society of Pacing and Electrophysiology (NASPE) Consensus
Conference on Resynchronization Therapy for Heart Failure held in 2002
noted that although much progress has been made, there are many issues
that still must be resolved [19]. These include the long-term benefit of device
therapy, the need for further evolution of the devices themselves to assure
successful implantation, studies to help optimise programmability, identifi-
cation of the patient population most likely to benefit, and the importance of
the economic and ethical ramifications.
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Fig. 3. The Kaplan–Meier estimates of the time to the secondary endpoint of death from
any cause in the COMPANION trial. The 12-month rates of death from any cause (the
secondary endpoint) were 19% in the pharmacological-therapy group, 15% in the pace-
maker group, and 12% in the pacemaker–defibrillator group



One of the major challenges for the next few years is to ascertain whether
we can extend the indications for CRT by implanting these devices in patients
with CAD, a low ejection fraction (in the 30% range), a wide QRS (> 120
ms), and in NYHA class I or II. Such a study is MADIT CRT, which will test
the hypothesis that these high-risk patients who receive CRT will subsequent-
ly have a reduced rate of HF or all-cause mortality. This important protocol
was initiated in October 2004 and will enrol 1700 patients over 2 years. A
similar study called Biventricular Pacing to Inhibit HF Progression (BLOCK-
HF) will evaluate the potential benefit of CRT on HF progression. There are
important design differences between MADIT CRT and BLOCK-HF, although
both seek to answer the question as to whether CRT benefits patients before
they progress to NYHA class III or IV HF. Trials such as these will further
enhance our knowledge and ability to treat SCD in HF.
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Health Care Systems: How to Resolve the Dilemma Between

Clinical Needs and Limited Resources?

M. BRIGNOLE, S. NISAM

Magnitude of the Problem

Are the appropriate indications for ICDs (based on clinical evidence) limited
by health care system resources? An overview of the number of ICD (includ-
ing CRT-D) implants and their costs in USA, Europe, and Italy in 2003 and
2004 is provided in Tables 1 and 2. ICD therapy accounts for only a small
percentage of the total expenditure of health care systems, and there are
large numbers of appropriate patients who do not receive ICDs, although the
annual incidence of implants is increasing. The number of patients receiving
ICDs (or CRT-Ds) has increased ten-fold over the last 10 years in Europe
and in the USA [1]. In Italy, the implantation rate in 2003 increased by 45%
compared to the rate in 2002 and by a further 23% in 2004 compared to 2003
(Tables 3, 4). Nevertheless, the total expenditure for ICDs (which includes
device costs plus implantation and follow-up) still remains a modest per-
centage of total health expenditures. Furthermore, the number of patients
who could benefit from this therapy is miniscule compared to the general
population. For example, in Europe, in 2004, about 40 000 patients received
ICDs, and the associated in-patient expenditures, amounted to € 0.6 billion,
accounting for 0.2% of total in-patient expenditures. Similarly in Italy, in
2004, about 8000 patients received ICDs/CRT-Ds, and the in-patient expendi-
tures for these were € 0.13 billion, accounting for 0.3% of total in-patient
expenditures. Figure 1 compares the expenditure for ICDs with those of
other accepted therapies in the USA in 2000. The cost of ICD was four-fold
lower than that for PTCA or CABG and 15-times lower than that for anti-
biotics.

Centro Aritmologico, Dipartimento di Cardiologia, Ospedali del Tigullio, Lavagna
(Genua), Italy; Guidant Corporation, Brussels, Belgium
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Table 1. Number of ICDs (and CRT-Ds) and their in-patient costs in 2003 (source:
Guidant) 

ICDs/CRT-Ds ICDs/CRT-Ds Estimated costs
(implants/million (total number (Euros)

inhabitants) implanted)

USA 280 70 000 2.3 billion

Europe 60 22 500 0.6 billion

Italy 110 6 400 0.1 billion

ICD Implantable Cardioverter defibrillator, CRT-D cardiac resynchronisation therapy
plus defibrillator

Table 2. Number of ICDs (and CRT-Ds) and their in-patient costs in 2004 (source:
Guidant)

ICDs/CRT-Ds ICDs/CRT-Ds Estimated costs
(implants/million (total number (Euros)

inhabitants) implanted)

USA 320 80 000 2.6 billion

Europe 100 36 000 1.0 billion

Italy 146 8163 0.13 billion

ICD Implantable Cardioverter defibrillator, CRT-D cardiac resynchronisation therapy
plus defibrillator

Table 3. Number of ICDs/CRT-Ds and revenues in Italy in 2003 (source: personal com-
munication)

ICDs: Number Revenues Number   Revenue 
(Euros) difference (%) difference (%)

compared compared
to 2002 to 2002

Single chamber (VR-VVI) 2584 32 583 699 42.3% 34.1%

Dual-chamber 1947 29 900 243 16.4% 12.6%

CRT-D 1846 29 761 657 90.7% 85.0%

Total ICDs 6377 92 245 599 43.1% 37.8%

Leads 6605 9 566 921 28.0% 20.6%

Total ICD/CRT-D  - 101 812 520 - 36.0%
revenues

ICD Implantable Cardioverter defibrillator, CRT-D cardiac resynchronisation therapy
plus defibrillator



Thus, by considering the global health care system, it is clear that the
impact of ICD therapy on total health care expenditures is modest. The main
reason that so much attention has been given to the costs of ICD therapy,
compared to other established therapies, is that the upfront costs of the
device (and implantation) are high. Whether these initial costs are reason-
able when considered over the lifetime of the patient is the important issue
that is addressed in this article.
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Table 4. Number of ICDs/CRT-Ds and revenues in Italy in 2004 (source: personal com-
munication)

ICDs: Number Revenues Number   Revenue 
(Euros) difference (%) difference (%)

compared compared
to 2002 to 2002

Single chamber (VR-VVI) 2795 32 640 921 8.2% 0.2%

Dual-chamber 2523 36 402 528 29.6% 21.7%

CRT-D 2845 44 137 047 54.1% 48.3%

Total ICDs 8163 113 180 496 28% 22.7%

Leads 8806 11 375 480 33.3% 18.9%

Total ICD/CRT-D  - 124 555 976 22.3%
revenues

ICD Implantable Cardioverter defibrillator, CRT-D cardiac resynchronisation therapy
plus defibrillator

Fig. 1. Comparison between some therapies



Different Perspectives

While it cannot satisfy all the individual demands made upon it, the primary
objective of a health care system is to provide a homogeneous level of assis-
tance based on the priorities of the patient population. Correct evaluation of
those priorities requires consideration of the scientific, objective, and repro-
ducible criteria for the best allocation of available economic resources.
Because of its ethical implications (i.e., ‘how to improve the health status of
the citizens’), the decision cannot be left exclusively to the prescribing spe-
cialist but must involve all stakeholders of the national health system.
Although their perspectives differ (Table 5), the common goal is to improve
citizens’ health.
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Table 5. Different perspectives

Stakeholder Direct objective Notes

Doctor of the national No profit, but budgeting Possible conflict between the 
health care system obligation to provide the best 

therapy and that of limiting the 
consumption of public resources 
(efficiency/efficacy ratio); possi-
ble conflict with profit issues

Doctor outside of the  No profit, no budget Obligation to provide the best 
national health care system therapy; possible conflict with 

profit issues

ICD companies For profit Interest in producing high-quali-
ty devices and providing techni-
cal support, and in re-reinvesting 
profits in research & develop-
ment, clinical support, trials, etc.

Administrator of the health  For budget Obligation to provide efficient 
care system, professional health care

Administrator of the health For consent Obligation to fulfil the perceived 
care system, elected member needs of patients

Patient (and family) For him-/herself Interest in maintaining his/her
own health



The Perspective of the Clinical Cardiologist: Evidence-Based Medicine and Guidelines

The solution appears simple and easy to apply in clinical practice: ‘Follow
the recommendations of the guidelines.’ Indeed, a major objective of the
guidelines is to enunciate clearly which patients are appropriate for which
therapies according to the rules of evidence-based medicine. Guidelines
mean nothing, if clinicians do not adhere to them, so much of the guidelines
process also aims at increasing the appropriate implementation of particular
therapies – on the basis of evidence-based-medicine – for appropriately
selected patients. Further objectives of the guidelines include improving the
quality of interventions, the clinical outcome of the patients, and the
cost/efficacy ratio, and should help authorities in the allocation of resources.
With the advent of evidence-based medicine, doctors have been induced to
abandon empirical medicine, based on ‘logical’ or ‘common belief,’ and to
move towards ‘evidence of efficacy’ [2]. Also, the use of ICDs must be based
on the guidelines established by the leading international medical societies,
following their careful review of all available data. Adoption of the standards
defined by the scientific community is the best method to avoid both
‘overuse’ (‘inappropriateness’) and ‘underuse’ (‘malpractice’). A doctor has
the ethical obligation to adopt a confirmed therapy in the interest of his/her
patients and, conversely, to be aware of the legal implications of not doing so.

Whether the recommendations of the guidelines are affordable and with-
in the limitations of available resources is an obviously critical decision, but
it cannot be made by the clinical cardiologist alone. There are other deci-
sion-makers, starting with the cardiologist-manager, who have the responsi-
bility to put guidelines in the proper economic context within the health sys-
tem and the clinical governance of health. Going from these principles to the
specific case of ICD therapy, we have provided evidence that, in Italy and
western Europe, resources are sufficient to permit the guidelines to be imple-
mented. It is the right of the clinical cardiologist to make use of these
resources; it is an obligation not to abuse them.

From the Perspective of the Cardiologist-Manager: Evidence-Based Health Care and

Guidelines

The objective of a health system is to establish scientific, objective and repro-
ducible criteria for optimal allocation of the available economic resources [3].
To accomplish this, we need objective methods of measurement in order to
define priorities. All of the critical factors can be measured and compared, and
the decision on the cost-effectiveness of a therapy must be based on the evi-
dence of such measurements. The most useful methods are the number need-
ed to treat (NNT) and the cost-effectiveness. Regarding the use of ICDs, the
results of ICD therapy vs other therapies must be analysed.
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The NNT is a normalised measurement of clinical efficacy and efficiency
that allows comparison of different treatments. In the case of ICDs, the NNT
is the number of patients that must receive an ICD implant in order to
demonstrate prolonged survival by 1 year in one patient. The importance of
the NNT is that it is easy to understand in clinical practice and is unrelated
to the difference in costs of therapy among different countries [4]. Some
examples of NNTs are listed in the Tables 6 and 7. Comparison of the data in
these tables shows that ICD therapy, when used according to the recommen-
dations of the guidelines, is more effective than many other established ther-
apies. For example, ICD therapy for patients fitting the MADIT II criteria has
an NNT of 11 (at 3 years of follow-up), which compares quite favorably with
Captropril (SAVE), which has an NNT of 20, also at 3 years of follow-up. The
NNT for ICD therapy remains favourable even when it is compared with
therapies in which a softer end-point, namely, morbidity instead of mortali-
ty, is used (Table 7). As explained below, the NNT for ICDs improves ‘dramat-
ically with time of follow-up,’ which illustrates the importance of evaluating
ICD cost-effectiveness after several years of follow-up, not simply at the
mean time elapsed when a particular study has ended [5]. This is precisely
the reason why studies with shorter duration of follow-up give misleadingly
higher NNT values; for example, in the AVID/CIDS/CASH meta-analysis, the
1-year follow-up time is far too short, and as demonstrated by Salukhe et al.,
longer follow-up in those trials would have shown a much lower NNT [5].
Moreover, NNT has no meaning for patient cohorts considered contra-indi-
cated for ICDs on the basis of negative trials, such as CABG-Patch, DINAMIT
and BEST_ICD. These trials simply showed that patients requiring revascu-
larisation and those within 40 days of myocardial infarction are considered
not appropriate candidates for ICDs.

‘Cost-effectiveness’ is the ratio of the difference in cost of ICD therapy
compared to an alternative (e.g., amiodarone) divided by the prolongation of
life achieved by ICD vs the alternative therapy. The cost-effectiveness ratio is
expressed as cost/year life saved [4]. Some examples are listed in Tables 8
and 9. ICD therapy, especially when used for primary prevention, has a more
favourable cost-effectiveness than many other commonly established thera-
pies, for example compared to hospital dialysis or 2-vessel CABG surgery
(Table 8) [6, 7]. In general, the duration of follow-up of the ICD studies has
been shorter than that of others, which were interrupted, mainly for ethical
reasons, at the time when the benefit became manifest. A recent study [5], in
which the results of eight randomised trials were pooled together and the
predicted effect was calculated at 1, 2, and 3 years of follow-up, showed that
the benefit of ICD therapy increases with the duration of follow-up, at least
for the first 3 years, without an increase of costs. For example, the NNT to
save a year of life is seven-fold higher after 1 year than after 3 years of fol-
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Table 6. Number needed to treat (NNT) to save one life for some established therapies
based on the results of randomised controlled trials. Negative studies have resulted in
ICDs (and other active therapies that have been tested) contraindicated or found to
be not useful for patients (see text for further explanation)

Trial Therapy Duration NNT

MUSTT ICD: primary prevention 5 3

MADIT ICD: primary prevention 2.4 4

MADIT 2 ICD: primary prevention 3 11

SCD-HeFT ICD: primary prevention 5 14

DEFINITE ICD: primary prevention, DCM 2 29

AVID ICD: secondary prevention 3 9

AVID, CASH, CIDS ICD vs amiodarone 1 29
meta-analysis

CABG-PATCH ICD post by-pass 4 NA

DINAMIT ICD post-AMI 2.5 NA

BEST-ICD ICD post-MI 1.5 NA

COMPANION ICD + CRT 1 14

CARE-HF CRT 2.5 10

CASS CABG, left main artery 5 6

CASS CABG, 3 vessels, EF < 50% 5 11

CASS CABG, 3 vessels, EF > 50% 5 NA

Zwolle RCT Primary PTCA vs thrombolysis 7 10

Primary PCI Primary PTCA vs thrombolysis 1 25
meta-analysis

FRISC 2 PTCA-CABG, unstable angina, ACS 0.5 100

TIME PTCA-CABG, stable angina 0.5 NA

ACME PTCA, stable angina 0.5 NA

Amiodarone Amiodarone 2 37
meta-analysis

SAVE Captopril, heart failure 3 20

SOLVD Enalapril, heart failure 4 22

CIBIS 2 Bisoprolol, heart failure 1 23

MERIT Carvedilol, heart failure 1 26

ISIS 2 Streptokinase, AMI 2 24

Hypertension Antihypertensive drugs (various) 5 NA
meta-analysis

4S Simvastatin (secondary prevention) 6 28

HPS Simvastatin (primary and secondary 5 59
prevention)

NA Not applicable
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Table 8. Costs per year of life saved for some established therapies (adapted from [6])

Intervention Cost/year 
life saved 

(1999) (Euro)

Pacemaker implant 1860

Beta-blockers in survivors of high risk acute myocardial infarction 3400

Simvastatin in a 70-year-old man with cholesterol blood level of 309 mg/dl 4300

Pravastatin for secondary prevention of chronic coronary artery 
disease in a man with 2 risk factors 9770

CABG (3-vessels disease) vs medical therapy 13 700

ICD in asymptomatic chronic coronary artery disease, depressed EF 
and non-sustained ventricular tachycardia 14 200

Streptokinase therapy for acute myocardial infarction 24 000

CABG 3-vessel disease vs PTCA 26 500

Home dialysis 26 700

tPA vs streptokinase for AMI at 1 year 37 000

In-hospital haemodialysis 61 700

CABG (2-vessels disease) vs medical therapy 85 300

Table 7. NNT needed to avoid some composite end-points for some established thera-
pies based on the results of some randomised controlled trials 

Trial Therapy End-point Duration NNT
(years)

FRISC 2 PTCA-CABG in ACS Death, non-fatal AMI 0.5 37

TACTICS PTCA-CABG Death, non-fatal AMI, 0.5 11 
in ACS Tn+ hospitalisation

TIME PTCA-CABG, Death, non-fatal AMI, 0.5 3 
stable angina hospitalisation

ACME PTCA, stable angina Angina 0.5 6

HPS Simvastatin Coronary artery disease, 5 18
stroke, revascularisation

Hypertension Antihypertensive Stroke, coronary 5 125
meta-analysis drugs (various) events



low-up. The cost-effectiveness ratio remains acceptable also when compared
with therapies that have a combined end-point of mortality and morbidity.
For example, in several studies on the effects of statins, the cost per patient
per year free from death, non-fatal myocardial infarction, or stroke was 
€ 51 400 for the study AFCAPS/TexCAPS, € 26 013 for WORSCOPS, € 9970
for CARE, € 8028 for LIPID and € 6695 for 4S [8].

In addition to the need to be aware of the effectiveness of a particular
therapy, the optimal use of economic resources (efficiency) is a major objec-
tive of any health care manager. For any therapy, the rule must be to provide
the appropriate therapy at the lowest price. The price of an ICD varies con-
siderably, up to two-fold or three-fold, from one model to another. This
means, for example, that relatively lower priced, simple models can be used
for many (most) patients, reserving the more expensive ICDs with more
sophisticated features for those patients needing such features. This
approach allows more efficient use of available resources.

Other Issues Outside the Competency of the Cardiologist That Need To Be

Considered

There are several other issues that are outside the strict professional compe-
tency of the cardiologist that, nonetheless, need to be explored. These are
political and ethical issues that are at the base of a global health care strate-
gy. For example:
1. Who has the right to decide or control what is the ‘right’ price of an ICD

or any other therapy?
2. In the health care system, do open markets and competition exist?
3. Or, conversely, is some kind of political control of prices justified?
4. Who should make the decision regarding the maximum affordable cost to

save 1 year of life?
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Table 9. Costs per year of life saved of some established therapies (adapted from [7])

Intervention Cost/year life saved 
(1999) (US dollars)

PTCA (chronic coronary artery disease, 1 vessel) 88 944

Cardiac transplant 43 087

Hypertension (diastolic 95–104 mmHg) 40 753

Primary PTCA 31 244

ICD (no pre-implant EPS) 16 555



5. How should the latent conflicts of interest between industry and scientific
societies be resolved [2]?

6. How should the latent conflicts of interest between industry and the
authors of clinical practice guidelines be resolved [9]?

Discussion and Perspectives

ICDs, largely due to their proven efficacy as a life-saving therapy, have creat-
ed quite a dilemma for health care providers. On the one hand, following
years of prospective, controlled, clinical trials, the evidence base (number of
positive studies) in support of ICD therapy is stronger than for any other
medical therapy [10, 11]. On the other hand, the up-front costs are high,
and–precisely due to the proven clinical efficacy of ICDs–the numbers of
patients receiving this therapy is increasing rapidly. There could be as much
as a ten-fold increase in the number of implants during the next 10–15 years
(corresponding to a prudent epidemiological estimate of 400 000 patients
needing an ICD according to the present indications, as recently updated by
the European Society of Cardiology [12]). Even were this to occur, the corre-
sponding expenditures would account for only 2% of total in-patient expen-
ditures (since the cost of ICD therapy currently is 0.2% of global in-patient
expenditures).

Looked upon in another way, even with this increase in patients, the
number receiving ICDs would represent 0.1% of the European population
(source: OECD Health Database 2004, Guidant estimates). In Italy, in 2004,
ICDs were prescribed for about 8000 patients, about 0.01% of the overall
Italian population; even with a five-fold increase in the number of implants
during the next 5–10 years (which corresponds to a prudent epidemiological
estimate of 40 000 patients needing an ICD according to the present indica-
tions), the expenditure would account for 1.5% of total in-patient expendi-
tures and would be prescribed to 0.05% of the Italian population.

In conclusion, at least for Italy and Western countries, the dilemma
between clinical needs and limited resources can reasonably be solved.
Therefore, the use of ICDs should not be decided upon based on economic
reasoning, but only by the appropriateness of the indications.
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Cost-Effectiveness and Aspects of Health Economics in Primary

Prevention: What Is the Case of Dilated Cardiomyopathy?

G. BORIANI, M. BIFFI, C. MARTIGNANI, C. VALZANIA, I. DIEMBERGER, M. ZIACCHI,
D. SAPORITO, P. ARTALE, M. BERTINI, C. RAPEZZI, A. BRANZI

Existing Evidence on Treatment With Electrical Devices in Heart

Failure/Left Ventricular Dysfunction

Heart failure (HF) is increasing in prevalence in Western societies, and cur-
rently affects about 6.5 million people in Europe. In patients with HF or left
ventricular dysfunction, there is a substantial risk of sudden cardiac death.
Although important advances have been made in pharmacological therapy
for HF, its effects on mortality and morbidity are limited with regard to sud-
den death prevention. Attention is therefore increasingly being focused on
the role of implantable devices in HF: implantable cardioverter defibrillator
(ICD), cardiac resynchronisation therapy (CRT), and combination devices
(CRT-D).

Three key studies (SCD-HeFT, COMPANION, and CARE-HF) provided
compelling evidence that ICD and CRT-D devices should be considered in
specifically selected patients with HF of either ischaemic or non-ischaemic
aetiology [1–3]. In clinical practice, these patients comprise a sizeable pro-
portion of patients requiring medical care for HF.

SCD-HeFT was a multicentre double-blind study designed to test the
effect of an ICD versus amiodarone or placebo in a broad population of HF
patients [1]. Among the 2521 patients included, 70% were in NYHA class II
and the remainder in class III. All had an LVEF ≤ 35%. Similar numbers of
participants had HF of ischaemic (52%) or non-ischaemic origin (48%). All
the patients were on optimised medical treatment and were randomised to
placebo, amiodarone, or a conservatively programmed single-lead ICD. Over
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a 3-year follow-up, amiodarone had no beneficial effect on survival. In con-
trast, ICD therapy decreased the risk of death (the primary endpoint) by
23% (P = 0.007). In total, 17% of ICD recipients died, compared with 22% of
those receiv ing placebo and 24% of those receiv ing amiodarone.
Importantly, the ICD was beneficial regardless of whether HF was ischaemic
or non-ischaemic. A subgroup analysis of SCD-HeFT suggested that the ICD
significantly improved survival only in NYHA class II patients. The authors
noted that this finding conflicted with those of MADIT II and DEFINITE,
and should not be taken as a basis for withholding ICD therapy from
patients in NYHA III.

COMPANION was a multicentre randomised study that included 1520
patients in NYHA class III or IV with impaired left ventricular function
(LVEF ≤ 35%) [2]. Importantly, each patient also had a wide QRS (QRS
duration > 120 ms). Patients were randomised to optimal pharmacological
therapy alone, CRT alone, or CRT-D. In a follow-up of 12 months, the pri-
mary endpoint (all-cause mortality plus all-cause hospitalisation) was
reduced by 19% (P = 0.014) with CRT and by 20% (P = 0.01) with CRT-D.
The risk of the combined secondary endpoint of death from or hospitalisa-
tion for HF was significantly reduced by 34% (P < 0.002) with CRT and by
40% with CRT-D (P < 0.001). The additional secondary endpoint of all-
cause mortality was significantly reduced by 24% (0.059). NYHA class, the
distance walked in 6 min, and quality of life were also significantly
improved by CRT or CRT-D.

Most recently, the CARE-HF trial has confirmed and clarified on 813
patients the findings of COMPANION with regard to CRT [3]. The inclu-
sion criteria of CARE-HF were NYHA class III or IV with LVEF ≤ 35%, and
evidence of dyssynchrony (QRS duration > 120 ms). The study compared
optimised medical treatment with optimised medical treatment plus CRT.
In contrast to COMPANION, CARE-HF did not include treatment with
CRT-D. Over a mean follow-up of 29 months, compared with optimised
treatment alone, CRT reduced the primary endpoint of death from any
cause or any unplanned hospitalisation for a major cardiovascular event by
37%. Only 39% of patients treated with CRT reached this endpoint com-
pared with 55% of those receiving optimised medical treatment (P <
0.001). CARE-HF provided an answer to the question whether CRT alone
saves lives. Indeed, CRT significantly reduced the principal secondary end-
point of all-cause mortality by 36%, compared with optimised medical
treatment alone (P < 0.002). The benefits of CRT were similar in patients
with ischaemic and non-ischaemic disease. It is noteworthy, however, that
35% of the deaths in the CRT limb of CARE-HF were sudden, suggesting
that including ICD back-up would have been more effective, in view of the
known ability of ICD to reduce the incidence of sudden death.
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Efficacy of Cardioverter-Defibrillators in Non-ischaemic Cardiomyopathy

Randomised clinical trials on the role of ICD in patients with left ventricular
dysfunction/heart failure have included a variable proportion of patients
without prior myocardial infarction, affected by so-called non ischaemic car-
diomyopathy. However, no single prospective randomised controlled trial on
ICD therapy in non-ischaemic cardiomyopathy has provided conclusive evi-
dence of a reduction in mortality. Moreover, although up to 30% of deaths
occurring in non-ischaemic cardiomyopathy have the characteristics of sud-
den death, the electrophysiological mechanism leading to sudden death in
this subset of patients is poorly understood [4]. In these trials, a lower than
anticipated mortality in the control group and systematic underpowering of
the trials may have been the reason for failure to demonstrate ICD benefit.

A meta-analysis of randomised controlled trials studied 1854 patients
with non-ischaemic cardiomyopathy enrolled in five primary prevention tri-
als. Pooled analysis suggested a significant reduction in total mortality
among patient randomised to ICD (or CRT-D in COMPANION) vs medical
therapy (RR = 0.69, 95% CI 0.55–0.87, P = 0.002). Assuming a mortality of
approximately 7% per year (averaged control group mortality of the five tri-
als) and a 33% relative risk reduction, the absolute risk reduction for all-
cause mortality is approximately 2% for year, with a NNT (number needed to
be treated) = 25 at 2 years (compared with a NNT around 18 for ischaemic
cardiomyopathy) [4].

From Scientific Evidence to Evidence-Based Clinical Practice:

The Issue of Costs

The evidence from randomised controlled trials indicates that serious clini-
cal consideration should be given to device therapy (in addition to optimal
medical therapy) in all patients in NYHA classes III–IV with an LVEF <
35%, regardless of the aetiology of their HF, also including patients with
non-ischaemic cardiomyopathy. Selection of the most appropriate device
depends on the patient’s medical need and the physician’s judgement. Device
therapy offers substantial benefits in addition to those achieved by optimal
medical therapy.

Incorporation of this evidence into national and international guidelines
and reimbursement policies should result in more patients receiving poten-
tially life-saving device therapy. In the USA, as noted above, Medicare cover-
age for CRT and ICD implantation has already been extended to include the
patient categories covered by COMPANION and SCD-HeFT. This evidence-
based approach, if translated into current clinical practice, has the potential
to improve the survival of patients affected by HF.
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The ICD has traditionally been seen as an expensive form of treatment,
with high up-front costs due to the device itself and the implant (followed
over time by maintenance costs for device replacement). Since the ICD first
appeared in clinical practice, the indications for use of ICDS have broadened
dramatically, from a few selected patients with previous cardiac arrest to a
large cohort of patients with heterogeneous underlying heart diseases, iden-
tified as subjects at high risk of sudden death [5–8]. Transvenous implanta-
tion has markedly decreased the hospitalisation costs and has contributed to
widespread use of ICD systems. Despite marked price reductions in the last
decade, the cost issue continues to limit full acceptance and application of
ICD therapy, especially as regards increased use for primary prevention of
sudden death [5–9].

There are various methods to assess the economic implications of a med-
ical intervention: cost-benefit analysis, cost-effectiveness analysis, and cost-
utility analysis. Moreover, economic analysis of medical interventions must
also take into consideration controlled trials, and effectiveness is the actual
decrease in disease that is achieved when the intervention is applied over a
large, non-homogeneous population.

Cost-effectiveness analysis aims at evaluating the cost of any therapeutic
intervention related to the possible benefits [5–9]. The cost of a therapy is
the sum of direct costs (initial cost of therapy, costs to maintain therapy, and
costs caused by unfavourable effects or by complications) and of indirect
costs paid by the patient’s family or by the community. The efficacy of a par-
ticular treatment is defined as the mean number of years survived by means
of a therapy to an adverse event. Usually, incremental cost-effectiveness
analysis is considered when two new therapeutic strategies are compared.
The cost-effectiveness ratio is often expressed in dollars per year of life
saved ($/YLS). In the literature [5], a treatment is considered valid if the
cost-effectiveness ratio ranges between 0 and 20 000 $/YLS, convenient if the
cost-effectiveness ratio ranges between 20 000 and 40 000 $/YLS, and bor-
derline if the cost-effectiveness ratio ranges between 40 000 and 60 000
$/YLS. It is considered unfavourable if the cost-effectiveness ratio ranges
between 60 000 and 100 000 $/YLS, and absolutely unfavourable above 
100 000 $/YLS. It is evident that the cost-effectiveness ratio can greatly
change depending on the type of population in treatment. The identification
of high-risk patients (‘patient targeting’) seems to be the most important
issue to reach a favourable cost-effectiveness ratio.

Use of ICDs in selected patients (or subgroups of patients) at high-risk of
sudden death has often generated cost-effectiveness estimates that are com-
parable with or lower than other accepted treatments, including renal dialy-
sis, which costs about 50 000–60 000 $/YLS [5]. In Fig. 1 the cost-effective-
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ness of a series of treatments currently used in clinical practice is compared
to some cost-effectiveness data related to ICDs in MADIT and SCD-HeFT tri-
als, respectively.

In the general view, however, cost-effectiveness evaluations on ICDs have
revealed a broad range of cost-effectiveness ratios, ranging from economi-
cally attractive to very expensive values. Recent randomised trials have pro-
vided less attractive ratios than those derived from the initial modeling
studies [5–9]. A further source of variability is the time horizon within
which cost-effectiveness is estimated. When Hlatky and Bigger [7] projected
the results of all the trials published until 2001 to gauge the full gain in life
expectancy, they obtained a cost-effectiveness ratio of 31 500 $/YLS, in line
with what is currently considered fully acceptable in Western countries.

Another important variable regards the ICD setting (primary/secondary
prevention of sudden death). For primary prevention of sudden death, the
economic analysis of SCD-HeFT estimated a favourable cost-effectiveness
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Fig. 1. Cost-effectiveness estimates (in dollars per year of life saved) for a series of widely
used medical treatments compared to cardioverter-defibrillator (ICD) in MADIT I and
SCD-HeFT indications. CABG Coronary artery by-pass graft, MI myocardial infarction,
Tx treatment, ICD implantable cardioverter-defibrillator



value of 33 192 $/YLS (data were obtained by a model that considered a 2.4-
year increase in life expectancy in favour of ICD therapy) [10].

An important limitation of currently available ICD cost-effectiveness
estimates is the lack of data on long-term benefits. It should be noted that
none of the randomised controlled trials was specifically conceived for
assessing cost-effectiveness as one of the primary end-points [7, 8].
Prospective studies specifically designed to evaluate cost-effectiveness over
time could be extremely valuable for health-care systems, especially in the
case of non-ischaemic cardiomyopathy.

Reduced implantation costs is another way of making ICD therapy more
economically feasible. The possibility of implanting a single-chamber ICD
on an outpatient basis was explored in the SCD-HeFT trial [1]. The results
showed that this approach was associated with a favorable cost-effectiveness
value of 33192 $/YLS [10]. Further evaluations are required to assess which
patients are candidates for this type of procedure.

Further long-term evaluation of the cost-effectiveness and cost-utility of
ICDs could also provide a basis for identifying subsets of patients for whom
the implant can be considered affordable within the context of current prices
and prevailing economic constraints. Such evaluations could readily be
reviewed to take advantage of any price cuts.

A further economic issue regards the use of ICDs to provide cardiac
resynchronisation therapy in the HF setting [11–13]. The problem is particu-
larly interesting, because ICDs are of proven efficacy in terms of quality of
life as well as reduced morbidity and mortality, as validated by prospective
controlled studies [11–13].

Conclusions

The low risk of ICD implantation and the evidence that these devices suc-
cessfully terminate life-threatening ventricular tachyarrhythmias have
prompted the use of ICDs in the primary prevention of sudden death in spe-
cific clinical conditions associated with a substantially increased risk of sud-
den arrhythmic death, including non-ischaemic cardiomyopathy. Despite
continuing price reductions, cost is likely to remain a major determinant of
the complete acceptance and implementation of ICD therapy. Therefore, the
problem of how broadened evidence-based indications for implantation can
be translated into the ‘real world’ remains to be addressed and resolved, con-
sidering currently available economic resources. Cost-effectiveness analysis
provides the most appropriate tool for weighing costs against benefits for
both ICD and CRT-D and should be directed towards specifically defined
subsets of patients, including those with non-ischaemic cardiomyopathy.
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Public Access Defibrillation: How Widespread Is It and What Are

the Short-Term and Long-Term Results?

A. CAPUCCI, D. ASCHIERI, G.Q. VILLANI

Public access to defibrillation means making automated external defibrilla-
tors available in public and/or private places where large numbers of people
gather or people who are at high risk of heart attacks live. The automated
external defibrillator is a computerised medical device that can check a per-
son’s heart rhythm. It can recognise a potentially lethal rhythm that requires
a shock and it can advise the rescuer when a shock is needed. The automatic
external defibrillator uses voice prompts, lights, and text messages to tell the
rescuer the steps to take. The concept of public access defibrillation is based
on deductive reasoning. Early defibrillation improves outcome from cardiac
arrest due to ventricular defibrillation (VF) [1–4]. The increased availability
of automatic external defibrillators should result in earlier defibrillation,
leading to better outcome from cardiac arrest. This concept has not been still
proved prospectively.

Public access defibrillation dates from 1986, when the first defibrillator
for public use became available. However, the concept failed to gain support
for several reasons, particularly the lack of acceptance by physicians. Such
devices were available through prescription, but few were prescribed despite
family acceptance being reasonable, particularly in high-risk families. Cost
and reimbursement also slowed acceptance. Current enthusiasm for public
access defibrillation has been spurred by recent breakthroughs in automatic
external defibrillator technology. Portable defibrillators can be deployed in
two ways in the community: (1) in the vehicles of emergency personnel, such
as police officers, who are otherwise not equipped with advanced life-sup-
port equipment or a defibrillator; or (2) in fixed locations, such as casinos,
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airports, health clubs, office buildings, shopping malls, or government
offices. The ideal primary outcome would be 30-day survival with intact neu-
rological function [5]. However, it may be impractical to use this as an out-
come, because individual consent would be needed to examine patients and
medical records. Because informed consent may be difficult to obtain after
resuscitation from sudden cardiac arrest, information about functional out-
comes will be missing for some patients. If this information is missing for a
large number of patients or is preferentially missing for patients enrolled in
one intervention arm or the other, then the results of the study may be
biased. As an alternative, a primary outcome of 30-day survival could be sup-
plemented by information about hospital discharge status.

Results of Public Access Defibrillation

An important report from Seattle, Washington, examined ‘public’ location in
cardiac arrest [6]. These investigators again confirmed that most cardiac
arrests occur in the home (76%); only 16% occur in public sites. The most
common public location for cardiac arrest was Seattle Tacoma Airport, where
seven cardiac arrests occurred each year. Penitentiaries were the second most
common location. Shopping malls had an average of 0.7 arrests each year,
and sporting arenas 0.4 each year during major events. Other, less frequent
locations included hotels, government offices, schools, and churches.

The clinical situations in which the defibrillator has been shown to have the
greatest efficacy to date are airports and casinos [7, 8]. These two settings are
similar to each other in several ways. In both, large numbers of dedicated work-
ers are present in a relatively small geographic area, and large numbers of peo-
ple who could experience sudden cardiac arrest are in daily proximity to the
defibrillator. In the studies conducted in these settings, 40% or more of individ-
uals experiencing cardiac arrest survived; this is a far higher percentage than
that typically achieved anywhere else outside of a hospital.

Results of defibrillator deployment and use in other situations may have
less benefit. The Public Access Defibrillation (PAD) [9] trial was a multi-cen-
tre study in which community-based training was employed in ‘high-risk’
settings. The settings included facilities with more than 250 persons aged
over 50 years on site for most of the day, or sites where a cardiac arrest had
occurred within the past 2 years. A total of 1260 facilities were included. The
community sites were mostly recreation, shopping, and entertainment facili-
ties. Sites were randomised to have rescuers trained in CPR alone or rescuers
trained in CPR and defibrillator use. Approximately 20 000 lay volunteers
were trained, representing almost 10 volunteers per available defibrillator.
The primary endpoint of the study was survival to hospital discharge. More
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cardiac arrests occurred in the CPR–defibrillator locations (n = 129) than
in the CPR alone locations (n = 103). Twenty-nine patients in the CPR-
defibrillator group survived to hospital discharge, compared with only 15 in
the CPR alone group (P = 0.042). The survival rate in the CPR–defibrillator
group was 22.5%. The PAD study showed that fixed-location defibrillators
were useful even though the survival benefit seen was far more modest than
in previous smaller, uncontrolled studies.

Recently, findings from Culley et al. [10] suggested a greater benefit from
the use of public access defibrillation. In an observational study performed
in Seattle, Washington, 475 defibrillators were deployed under emergency
medical service (EMS)-guided surveillance. The majority of the devices were
placed in areas such as shopping malls, but use of a defibrillator by mobile
police was also included. Over 1% of cardiac arrests were treated with a
defibrillator (1.33%), and survival to hospital discharge was a remarkable
50%. However, preliminary results in Seattle are backed by the best emer-
gency medical response system in the world and thus may be difficult to
reproduce elsewhere.

Defibrillators as Part of a Mobile EMS System

Defibrillators have also been used as an adjunct to EMS response systems. In
this approach, emergency workers such as police and fire workers are
equipped with defibrillators in the absence of other advanced cardiac life-
support equipment and are dispatched in parallel with ambulances to car-
diac arrests. Two large trials have examined the efficacy of this approach [11,
12]. Myerburg et al. [11] established such a system in Dade County, Florida,
comparing outcomes of patients treated with defibrillators against the out-
comes of historical controls in a non-randomised study. They found that
response times to defibrillation were decreased by the dual deployment sys-
tem and that survival to hospital admission was more likely among patients
treated with rapid defibrillation. Unfortunately, 61% of patients in the study
presented with non-shockable rhythms, and therefore, no significant
improvement in survival to hospital discharge was demonstrated.

Results similar to those in the Myerburg study but less significant were
obtained in a prospective randomised trial performed in the Netherlands
[12]. A witnessed cardiac arrest occurred in 469 subjects who were then ran-
domised to receive a routine EMS response or a dual dispatch system
response that included a police-equipped defibrillator. Although survival to
hospital admission was higher in the police defibrillator-equipped group,
survival to hospital discharge was 15% in the control group and 18% in the
police group, a difference that was not significant.
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Based on data from these two studies, it appears that providing rescue
workers with vehicle-equipped defibrillators improves response times but
not long-term outcomes. The reason for this disappointing dichotomy is not
yet completely clear. It may be that improvements in existing defibrillator
algorithms or in post-arrest treatment will be needed before defibrillator use
can demonstrate significant outcome improvement.

However, better results in respect of short- and long-term survival have
been obtained in other studies. In our study, too, Piacenza Progetto Vita,
police equipped with automatic external defibrillators and conventional EMS
responders are simultaneously deployed to possible cardiac arrests [13].
Policemen and lay responders were trained to use automatic external defib-
rillator on a brief defibrillation training course without CPR instruction.
While survival to hospital admission was higher in the EMS group, survival
rate to hospital discharge was significantly higher in the lay volunteers group
(43.7%) than in the EMS group (16.6%) (P < 0.01). Neurologically intact
survival rate was also higher in PPV-treated than in EMS-treated patients.
These patients were long-term survivors (more than 1 year). Only two
patients died within 1 year, from non-cardiac causes  (ictus and pulmonary
cancer). The only intervention with a public defibrillator positioned in a
fixed place (main city square) was recorded after 5 years from the beginning
of the project, and was successfully.

White et al. of the Mayo Clinic in Rochester, Minnesota, reported their
findings on police-initiated defibrillation [14]. The Rochester police depart-
ment were equipped with automatic external defibrillators, on the reasoning
that the police often arrive first at an emergency, and some of these could
include cardiac arrest. Forty-one of 108 patients having a cardiac arrest were
first shocked by the police. Spontaneous circulation was restored without
additional advance cardiac life support in 14 patients (34%). These patients
were long-term survivors. Among patients in whom spontaneous circulation
could not be restored before arrival of the paramedics and who needed fur-
ther advanced cardiac life support, only 22% were long-term survivors. The
survival rate when police deliver the first shock is 49%, compared with 43%
when paramedics initiate early defibrillation.

Mosesso et al. [15] reported on a similar type of project in the suburbs of
Pittsburgh, Pennsylvania. A historical control was used from a time when the
police were not equipped with automatic external defibrillators. The time
from emergency call to delivery of the first shock was 11.8 min during the
control period. After the police were equipped with automatic external
defibrillators that time dropped to 8.7 min (P < 0.0001). Restoration of
spontaneous circulation improved from 36% to 52% (P < 0.03), and survival
more than doubled from 6% to 14% (P = 0.10).When the police arrived first
during the control years, only 3% of patients with cardiac arrest survived. A
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survival rate of 26% has been achieved since the police were issued with
automatic external defibrillators (P < 0.05).

In 1991 Qantas Airlines became the first major operational airline to
deploy automatic external defibrillators on overseas flights. Several airlines
had trialled such strategies, but none continued them. O’Rourke and
Donaldson reported on 5 years’ experience of the Qantas automatic external
defibrillator programme [16]. Automatic external defibrillators were used 87
times: in 47 cases for monitoring – typically in patients with chest pain or
palpitations – and in 40 for cardiac arrests. Twenty-two cardiac arrests
occurred in the aircraft, while 18 occurred in the airport terminal. Six car-
diac arrests in the aircraft were due to VF. Five of the six patients were suc-
cessfully defibrillated with automatic external defibrillators, and two of six
were long-term survivors with excellent neurological function. A major
problem was uncovered when these initial data were reviewed, namely that
most cardiac arrests in the aircraft were discovered early in VF. Cardiac
arrest in airport terminals (18 of 40 cases) have a different pattern. Fifteen of
these 18 patients had VF: each of the 15 was successfully defibrillated with
the device. Four of these 15 patients were neurologically intact, long-term
survivors.

Further support for a beneficial effect on survival of early defibrillation
in the community is given by the data of the prospective cohort study con-
ducted in Olmstead County [17, 18]. All patients who had an out-of-hospital
cardiac arrest between November 1990 and December 2000, after implemen-
tation of a local early defibrillation program, were followed to determine
long-term survival and quality of life. Of the 200 patients with an out-of-hos-
pital cardiac arrest with ventricular fibrillation, 145 (72%) survived to hospi-
tal admission with spontaneous circulation, 84 (42%) survived to hospital
discharge, and 79 (40%) were neurologically intact at discharge. Long-term
survival was seen in 60 patients (30%). For the purposes of the analysis,
patients with significant neurological impairment at discharge were consid-
ered non-survivors. The mean length of follow-up was 4.8 years (standard
deviation 3.0 years). The expected 5-year survival rate (79%) was identical to
that among age-, sex- and disease-matched controls. The long-term survival
and quality of life of patients resuscitated from a cardiac arrest has been
demonstrated to be similar to that of control subjects from the general popu-
lation.

Conclusions

There is no question but that early defibrillation will save lives. Despite the
existence of well-developed emergency medical services with rapid-response
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advanced life support capabilities, survival rates following out-of-hospital
VF have remained low. Generally, these poor resuscitation rates are attrib-
uted to delays in the performance of basic cardiopulmonary resuscitation by
bystanders or delays in defibrillation.

The appropriateness of having defibrillators available in public places
such as schools, apartment buildings, and offices is becoming clear. The PAD
trial has demonstrated that training and equipping volunteers to attempt
early defibrillation within a structured response system can increase the
number of survivors to hospital discharge after out-of-hospital cardiac
arrest in public locations. In airports, aeroplanes, casinos, and other high-
risk locations, public use of external defibrillators should be strongly sup-
ported. In addition, efforts by private individuals to obtain defibrillators for
homes and businesses seem justified. Dual EMS systems incorporating defib-
rillators have also shown good improvements in outcomes compared to EMS
alone. In our opinion, public access defibrillation is here to stay.
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In-Hospital Cardiac Arrest: How to Improve Survival?

M. SANTOMAURO1, A. BORRELLI1, C. RIGANTI2, C. LIGUORI1, E. FEBBRARO1,
M. D’ONOFRIO3, N. MONTEFORTE1, S. BUONERBA1, M. CHIARIELLO1

A cardiac problem is often the substrate for cardiac arrest (CA) (Table 1), but
other diseases may be the underlying cause of sudden death, which in 75% of
cases is due to ventricular fibrillation (VF) or ventricular tachycardia (VT),
in 20% to bradyarrythmia, and in 5% to atrioventricular dissociation [1–5].
In Italy, CA strikes more than 60 000 people/year, with a 10% overall mortal-
ity, 20% of which occurs in people with no signs of disease at all [1]. The
chance of survival in case of CA strictly depends on the rapidity of interven-
tion and on the correct execution of four basic, but fundamental steps – the
‘chain of survival’ [2]. The very first step is activation of the emergency sys-
tem, in case the patient is unconsciousness (of course, this step involves acti-
vating local emergency services). This is immediately followed by step 2,
basic cardiopulmonary resuscitation, also known as basic life support (BLS)
[3], which consists of a sequence of chest compressions and artificial ventila-
tion. Defibrillation, the third step, is the only therapy able to stop VF/VT, the
main cause of death in CA, while advanced cardiopulmonary resuscitation or
advanced cardiac life support (ACLS) is the last step. Since its discovery,
external defibrillation has been the cornerstone of emergency cardiac care
(ECC) and the principal intervention in most successful resuscitations from
full cardiac arrest.

A large body of out-of-hospital research [4, 6–9] shows that the rapidity
of defibrillation is the most important determinant of survival in CA due to
shockable arrhythmia.

Even though most CAs occur outside hospitals, the problem is still a
major concern inside the hospital. In Italian hospitals, 85% of patients hospi-
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talised in general medicine divisions die of sudden death, while mortality is
less than 10% for patients hospitalised in intensive care units. Survival rates
of CA patients outside critical care units remains about 15% at best, and sur-
vival is consistently lower in general units than in critical care areas [10–15].
Explanations for this lack of progress usually involve comorbidity and
unwitnessed arrests among patients in general units [14–20].

Defibrillation, in Italian hospitals, often occurs very late and not easily, as
a result of either inadequate means, i.e. defibrillators, or the presence of
architectural and institutional barriers, which may obstruct intervention. A
defibrillator sometimes is available only in specific divisions of the hospital,
and in some cases it is useless for technical reasons or due to the lack of
experience of the staff. Furthermore, most of the time, intervention is car-
ried out by a medical team from departments other than the cardiology
department or the emergency room, and usually with a lengthy delay, which
becomes even longer if, in the meanwhile, cardiopulmonary resuscitation
(CPR) has not been carried out. General-medicine nurses are in the most dif-
ficult position of anyone involved in the resuscitation effort. They are
expected to respond immediately to unanticipated crises, unlike members of
the emergency team, who have time to collect their wits while in transit to
the scene. More importantly, several factors preordain the almost certain
failure of attempts by general-medicine nurses to initiate basic CPR and
defibrillation. Administering basic CPR has been shown to be difficult for all
levels of health care providers, even in non-stressful classroom simulations
[21, 22], so that in an actual in-hospital cardiac arrest administering CPR is
even harder and thus takes longer. Furthermore, in the emotionally stressful
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Table 1. Heart disease that may cause sudden cardiac death in patients less than 30
years and in those older than 30 years. The most frequent disease that causes sudden
death in patients ≤ 30 years is hypertrophic cardiomyopathy (50%), while the inci-
dence of coronary artery disease is about 3–20%. In patients older than 30 years, the
incidence of coronary artery disease is about 85%

Causes of sudden death % Causes of sudden death %
< 30 years > 30 years

Aortic stenosis 3–18 Coronary artery disease 85

Eisenmenger syndrome 15 Cardiomyopathy 10

Congenital cardiomyopathy 10 Valve disease 3

Hypertrophic cardiomyopathy 1–50 Electrical alternations 2

Right ventricular dysplasia 0–26

Mitral prolapse 1–24

Coronary artery disease 3–20



setting of an actual arrest, several preparatory steps must be taken: acquiring
a respiratory barrier device, bringing a crash cart with cardiac board to the
scene, and placing the cardiac board under the patient (a two-person task)
[23, 24]. Starting ventilations, chest compressions, and defibrillation requires
the coordinated actions of at least two people, because the use of pocket
masks and most other barrier devices makes effective one-person CPR
almost impossible. Given these obstacles, effective CPR is rarely initiated
before the emergency team arrives [25]. Therefore, expecting general-medi-
cine nurses to carry out an excessively complex and difficult task in an emer-
gency situation may cause a state of ‘learned helplessness’ and increased
dependence on the emergency team.

Early defibrillation programs can improve survival rates significantly by
shortening the time from arrest to defibrillation. Improving the speed of in-
hospital defibrillation may produce even better results (Table 2).

The purpose of an in-hospital emergency service is to decrease and pre-
vent sudden death due to CA and to avoid the onset of its complications, e.g.
brain damage, kidney failure, in patients inside the entire hospital. The onset
of complications vs recovery from CA are strictly related to the time of inter-
vention, and it is well-known that survival chances decrease by 10% per
minute [6], and brain damage occurs after 4–5 min of anoxia. In order to
shorten intervention time and to avoid complications, the following is needed:
1. Information and sensitisation of the staff
2. Hospital staff training in CPR and defibrillation techniques
3. The presence of a hospital notification system for in-hospital emergen-

cies
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Table 2. Percentage of survival with and without immediate basic life support with
defibrillation (BLS-D). Percent survival is strictly related to the immediate adminis-
tration of BLSD. If BLSD does not occur immediately, and the advanced cardiac life
support (ACLS) team arrives within 7–10 min of the cardiac event, survival is about
20%. If BLSD does not occur immediately and the ACLS team arrives later than 10
min after the cardiac event, survival is very low (2–8%) and is associated with irre-
versible brain damage. The gold standard is early activation of the ACLS team and
immediate BLS-D, which leads to a survival rate of 80–90%

Action Survival (%)

Early activation of ACLS team

No immediately BLS-D (7–10 min) 20

Early activation of ACLS team

No immediately BLS-D (> 10 min) 2–8 + brain damage

Early activation of ACLS team

BLS-D immediately 80–90



4. Selection and creation of an operative team
5. Rational positioning of emergency trolleys inside the hospital
6. Standard procedures for all staff
7. Creation of a quality control system
8. Creation of a specific coordination centre for dealing with in-hospital

emergencies
9. Retraining of the staff

The Naples Heart Project will try to achieve all nine goals, through
instructional materials, courses, and the creation of permanent in-hospital
emergency team.

The Naples Heart Project [26, 27] began on July 2001, and since then it
has created about 835 first responders among the hospital staff, 440 of whom
are physicians (fully trained or still in training), 310 nurses, and 85 members
of the administrative staff. Our primary purpose is to train all general-medi-
cine nurses, physicians, and other working staff which amounts to more than
3000 people, in BLS and defibrillation (BLS-D). To meet this goal, we have
organised courses [11] combining theory and practice, so that the partici-
pants can develop psychomotor abilities and automatic response patterns
which guarantee that the rescuer provides the best possible aid. Both the
instructional material and the courses emphasise the rational basis of the
‘chain of survival’ and train participants in basic CPR and defibrillation
techniques courses. A practical part is intended to make the rescuer feel
more comfortable when aiding the victim. The courses are tailored with
respect to material, duration, and final examination according to the partici-
pants, with the easiest and safest interventional approaches taught to non-
medical personnel. All courses are held during one day. The course for
administrative staff is 6 h in duration and is equally divided between theory
and practice. Participants are trained to use a semiautomatic defibrillator,
without a monitor for ECG, and with a voice system that guides the rescuer
through the steps of the ‘chain of survival.’ Semiautomatic defibrillators are
the only ones that non-medical personnel are allowed to use, as specified by
Monteleone’s Law, passed on April 3, 2001 [7]. Courses for nurses (Fig. 1) are
8 h long, contain more information on physiopathology of CA, and provide
training in all BLS techniques and on defibrillator usage. The courses for
physician are 10 h long and provide more detailed information on the phys-
iopathology, epidemiology, and specific patterns of CA. For all groups,
biphasic wave defibrillators [8] are used, as they require less energy than
monophasic defibrillators and have a comparable effectiveness at a lower
energy level. All the three groups take a final test, consisting of basic ques-
tions and without the requirement to interpret an ECG. Even though all par-
ticipants have shown interest in the theory and practice, not all achieved a
good grade at the final test. We had to re-enrol 40 candidates in another ses-
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sion and then re-test them, but positive results were achieved the second
time. Since no one practices either BLS techniques or the use of defibrillators
daily (with some exception), the course is repeated at least once a year and
will be offered on a continual basis, including retraining after 1 year, for all
the personnel.

The Naples Heart Project training centre also provides support for ACLS
courses, with the goal of creating a team that offer ACLS anytime and any-
where in the hospital. ACLS courses are held over two 8-h days, during which
physicians are trained in using manual defibrillators with external pacing
capacity, administering drugs for the treatment of tachyarrhythmias and
bradyarrhythmias, and airway intubation.

As of this writing, several sessions with 25 participants per day have been
organised. The number of participants has increased from July 2001 to May
2003 (Figs. 2, 3).

The Naples Heart Project was based on a feasibility study of in-hospital
emergency services. The study evaluated and analysed: type of institution,
departmental and institutional dislocation, internal practicability (architec-
tural features and preferential behaviours), staff number and distribution,
presence of an emergency notification system, and instruments available.
The aim is to find the best solution in order to make the chain of survival as
fast and effective as possible, in every place, moment, and condition in the
hospital.
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Fig. 1. Naples Heart Project BLSD first-responder course. Basic life support with defib-
rillation (BLS-D) training of nurses
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Fig. 2. Naples Heart Project BLSD first responders. The project began on July 2001, and
since then it has already created about 835 BLS-D first responders among the hospital
staff. Of these, 440 are specialist physicians and physicians in training, 310 are nurses
and 85 are  in the administrative staff
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Fig. 3. Naples Heart project ACLS responders. The project’s training centre provides
ACLS courses in order to create an ACLS team able to respond anytime and anywhere
in the hospital. Currently, 120 ACLS responders have been trained
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University ‘Federico II’ General Hospital has about 1200 beds and is
divided into separate and independent institutes. Everyday, several thousand
people, including patients, physicians, technical and administrative staff, vis-
itors, and students spend time in the general hospital. It is therefore neces-
sary that anyone inside the general hospital is familiar with all the hospital
emergency programs. In order to make this possible, we have created a
brochure of the hospital emergency services, for patients and visitors, to be
distributed in waiting rooms and at the main entrance. In addition, posters
have been placed in every institute; meetings and conferences directed to
potential BLSD providers, i.e. physicians, nurses, administrative and techni-
cal staff, have been organised. We are also planning to install a series of road
signs (Fig. 4) throughout the hospital providing directions to the nearest
defibrillation point.

The project also provides a rational distribution of semiautomatic defib-
rillators and accompanying materials, in order to have a defibrillator and a
fully organised trolley for emergencies available on all floors, so that the
delay due to access and transport of material is greatly decreased; further-
more it has been proposed to periodically check the emergency trolleys and
other materials and to keep a checklist.
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The project will be administered and coordinated by an in-hospital emer-
gency system leader, who is charged with mediating contacts between the
emergency team, training centre, and BLSD and ACLS providers on the one
hand, and the emergency coordination group (composed of a general man-
ager, a medical manager, and a nursing manager) on the other.

In conclusion, an in-hospital emergency has to be dealt with not as a
chaotic chain, but like an organised procedure with standard protocols
familiar to all staff. It is therefore necessary to organise training following a
well-defined program with a fixed term; training courses must provide theo-
retical and practical knowledge for responding to emergency situations.

The Naples Heart Project, consisting of courses for BLS-D and ACLS
responders (physicians, nurses, and staff in the general hospital), is close to
achieving this goal. It is the first project of its kind in Italy, and it lays the
basis for the development of a medical emergencies culture able to cope with
both in and out of hospital scenarios.
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CARDIAC RESYNCHRONISATION THERAPY:
INDICATIONS AND RESULTS 



Usefulness of Conventional Transthoracic Echocardiography in

Selecting Heart Failure Patients Likely to Benefit from Cardiac

Resynchronisation Therapy

M.V. PITZALIS, R. ROMITO, M. IACOVIELLO

Beneficial effects of cardiac resynchronisation therapy (CRT), including
reverse remodelling, improvement in ejection fraction, and decrease in
mitral regurgitation as well as clinical improvements in exercise tolerance,
quality of life, and hospitalisation rate, have been well documented [1–4],
supporting the routine use of CRT as a worthwhile therapeutic option for
patients with severe heart failure and left intraventricular conduction delay
(QRS duration > 120 ms) who remain symptomatic despite receiving ‘opti-
mal’ medical treatment. However, not all patients have subjective and/or
objective responses to CRT [5, 6]. Given the complexity of the procedure and
the associated costs, there is a need for parameters other than QRS duration
that could prospectively identify the patients who would benefit most [7].

The beneficial effects of CRT are due to the fact that it corrects dyssyn-
chrony resulting from inter- and intraventricular conduction delay, thus
counteracting its negative haemodynamic effects. Left ventricular conduc-
tion delay induces a particular pathophysiological condition in which abrupt
anterior septal motion, occurring at the time of decreasing right ventricular
volume with pulmonary ejection [8], is associated with delayed contraction
of the postero-lateral left ventricular wall. This condition increases wall
stress during systole and oxygen demand. Moreover, the asynchrony between
the septum and the lateral wall impairs the coaptation of mitral leaflets, thus
favouring mitral regurgitation. Finally, tricuspid valve opening and right
ventricular filling occur much earlier than mitral valve opening and left ven-
tricular filling, thus contributing to early diastolic displacement of the sep-
tum into the left ventricle, a reduced septal contribution to ejection fraction,
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and a loss of left ventricular function. All of these consequences of asyn-
chrony can contribute, albeit to different extents, to left ventricular remodel-
ling.

On the basis of these considerations, CRT should be offered to those
patients with heart failure in whom a consistent degree of asynchrony can be
detected. This is why echocardiographic parameters have been investigated.
Doppler-echocardiographic-derived measures of asynchrony have the
advantage of being non-invasive and can therefore be used for patient selec-
tion before the decision of implanting the device is taken. The standard
Echo-Doppler measures of left ventricular asynchrony can be easily assessed
and do not require complex and sophisticated software. The interventricular
mechanical delay (IVMD) is assessed by calculating the difference between
the left and the right pre-ejection period, i.e. the time occurring between
QRS and the beginning of, respectively, aortic and pulmonary flow. In the
MIRACLE study no correlation was found between IVMD and haemody-
namic improvement [9]. Recently, the Cardiac Resynchronisation–Heart
Failure (CARE-HF) trial has demonstrated the efficacy of CRT in reducing
death from any cause or unplanned hospitalisation for a major cardiovascu-
lar event hazard ratio (HR) 0.63; 95% confidence interval (CI) 0.51–0.77; P
< 0.001] [4]. The enrolment criteria were the presence of severe heart failure
(NYHA class III or IV), left ventricular ejection fraction (LVEF) below 35%, a
left ventricular end-diastolic dimension (LVEDD) greater than 30 mm
(indexed to height), and QRS duration greater than 120 ms. The originality
of this trial was that patients with a QRS of less than 150 ms were also
required to present two of three additional echo-Doppler criteria for dyssyn-
chrony: an aortic pre-ejection delay of more than 140 ms, an IVMD greater
than 40 ms, and delayed activation of the postero-lateral left ventricular
wall. After CRT, IVMD was significantly reduced by -21 ms (25–18 ms, P <
0.001) after three months. Moreover, patients with an IVMD of 49.2 ms or
greater showed a greater risk reduction (HR 0.50; 95% CI 0.36–0.70) in com-
parison with those with an IVMD of less than 49.2 ms (HR 0.77; 95% CI
0.58–1.02).

We recently proposed a monodimensional echocardiographic measure of
left ventricular asynchrony [6, 10]. It is evaluated by calculating the shortest
interval between the maximum posterior displacement of the septum and
the maximum displacement of the left posterior wall using a short axis view
at papillary muscle level (septal-to-posterior wall motion delay, SPWMD;
Fig. 1). Our data demonstrated that the intra- and inter-observer repro-
ducibility of this is very high [6]. Moreover a SPWMD greater than 130 ms
was more accurate in predicting short-term reverse remodelling than was
QRS duration [6]. Finally, the presence of a long SPWMD was associated in
the long term with further haemodynamic improvement and a better out-
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come in terms of heart failure worsening [10]. After 6 months, improvement
in LVEF was evident in 22/28 patients (79%) with baseline SPWMD greater
than 130 ms and in only 2/23 patients (9%) with SPWMD smaller than 130
ms (P < 0.0001). There was a significant linear correlation between SPWMD
and LVEF improvement (r = 0.69, P < 0.001). Multivariate Cox regression
analysis showed that SPWMD was significantly and independently associat-
ed with heart failure progression (hospitalisation or death due to worsening
of heart failure) during a median follow-up of 14 months (HR for 10 ms
increase in SPWMD: 0.91; 95% CI: 0.83–0.99; P < 0.05).

A long SPWMD is the required marker to ensure a benefit from exciting
the postero-lateral wall and thus inducing more effective, synchronous intra-
ventricular contractions. When baseline evaluation reveals a prolonged
SPWMD, CRT guarantees an improved clinical outcome, but some patients
with a shorter delay may also benefit from the device, which indicates the
possible value of other echocardiographic methods of identifying asyn-
chrony or other pacing methods [7]. Moreover, it has been observed that the
calculation of the SPWMD cannot be obtained if the septum is akinetic after
extensive anterior infarction or if the maximal posterior motion is not well
defined [7]. However, SPWMD could have some advantages over the other
suggested predictive parameters, since it represents a reliable measure of left
ventricular asynchrony that can be obtained on a large scale using monodi-
mensional echocardiography and can therefore be proposed as a simple
parameter for patient screening.

477Conventional Transthoracic Echocardiography 

Fig. 1. Monodimensional short-axis-view echocardiographic image taken at the level of the
papillary muscles. The septal-to-posterior wall motion delay was calculated by measur-
ing the shortest interval between the maximum posterior displacement of the septum and
that of the posterior wall (a). When no displacement of the septum is observed, SPWMD
should be considered zero (b). SPWMD septal-to-posterior wall motion delay
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It is mandatory that the measurement we have suggested is taken using
the short axis view. When the delay is recorded from the parasternal long
axis view at the level of basal segments (bs-SPWMD), it offers different infor-
mation from that obtained using SPWMD. There are several reasons explain-
ing this difference. Myocardial motion is complex and results from transla-
tional, rotational, and deformational movements that become even more
complicated in the presence of wall motion abnormalities such as those
occurring in the presence of akinesia or left bundle branch block. The ability
to catch these movements is different when short or long axis views are
under evaluation. Furthermore, left ventricular activation in patients with
heart failure and left bundle branch block is complex [11] and variable [12].
Left ventricular conduction delay is the result of either an area of conduction
block (due to scarred tissue or functional) or slow but homogeneous
myocardial propagation. In particular, basal segments of the left ventricle
show a pattern of activation that is different from that of the mid areas.
Therefore, it is not surprising that the calculation of dyssynchrony between
basal segments is different from that taken at the level of the mid areas. This
is particularly evident when a block in the conduction is present (unfortu-
nately, ECG cannot give any information on the type of conduction abnor-
mality). The long axis evaluation of dyssynchrony is also burdened by the
fact that it is difficult to define accurately which area e.g. lateral, postero-lat-
eral) is being visualised and that a correct monodimensional approach (i.e.
perpendicular to the long axis of the ventricle) is often difficult to obtain.
Moreover, basal segments are tied to the fibrous skeleton of the heart, and
therefore their movements are strongly influenced in variable and unpre-
dictable ways by those of the aortic root as well as the mitral annulus.
Finally, a parameter intended to evaluate synchrony or dyssynchrony in the
transverse plane must be calculated where the myocardial fibres have a
mainly circular course (i.e. at mid rather than basal level).

In conclusion, the routine use of echocardiographic assessment of ven-
tricular asynchrony in patients with severe heart failure, LBBB, and a wide
QRS interval would make it possible to avoid implanting the device in those
whose cardiac function is unlikely to improve.
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Three-Dimensional Echocardiography:

Which Role for CRT Patients?

P. NIHOYANNOPOULOS

Heart failure is a major health problem reaching epidemic proportions in the
industrialised world, and is associated with substantial mortality and mor-
bidity rates. It is estimated that it affects 1–2% of the population and
accounts for approximately 5% of all medical admissions. Despite major
advances in medical therapy during recent years, heart failure still represents
a serious and steadily expanding public health and financial threat. Cardiac
resynchronisation therapy (CRT) has been introduced as an adjuvant treat-
ment and has since developed rapidly. However, 30% of patients fail to bene-
fit from CRT when electrical asynchrony as described by the QRS complex
width is used as the sole criterion for selection. This has generated an inter-
est in the mechanical aspect of the ventricular dyssynchrony and its superi-
ority in describing the left ventricular dysfunction [1].

Atrioventricular (AV) dyssynchrony can be assessed from conventional
echocardiography by evaluat ing the durat ion of mitral inflow.
Interventricular dyssynchrony can be evaluated by assessing the extent of
interventricular mechanical delay (IVMD), defined as the time difference
between the left and right ventricular pre-ejection intervals. An IVMD of 40
ms or greater is considered indicative of interventricular dyssynchrony.

M-mode echocardiography may be useful for assessing intraventricular
dyssynchrony from the parasternal short-axis view by measuring the septal-
to-posterior wall motion delay (SPWMD). A cut-off value of 130 ms was
proposed as a marker of intraventricular dyssynchrony. However, frequently
the SPWMD cannot be obtained, either because the septum is akinetic fol-
lowing extensive anterior infarction or because the maximal posterior
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motion is ill-defined. In addition, it is often not possible to obtain perpen-
dicular M-mode section images of the proximal left ventricle.

Tissue Doppler imaging (TDI) allows measurement of peak systolic
velocity of different regions of the myocardium and timing of peak systolic
velocity in relation to electrical activity (QRS complex). Based on these vari-
ables, TDI can provide accurate information on electromechanical coupling,
and also assess inter- and intraventricular dyssynchrony. In addition, infor-
mation on diastolic function can be obtained. Yu et al. [2] used TDI to assess
intraventricular dyssynchrony in 88 normal individuals, 67 patients with
heart failure and a narrow QRS complex (≤ 120 ms), and 45 with a wide QRS
complex (> 120 ms). In this study, 12 sample volumes were placed in the
myocardium, and for each sample the time from onset of QRS complex to
peak systolic velocity was measured.

Novel echocardiographic techniques such as colour-coded tissue Doppler
and real-time 3D echocardiography (RT3DE) may provide more effective
guidance in identifying heart failure patients who are likely to respond posi-
tively to CRT. RT3DE provides a powerful tool for the qualitative and quanti-
tative assessment of the left ventricle. This modality can provide information
on global as well as regional left ventricular dimensions, wall thickness, and
function without being limited by the inherent geometrical assumptions of
conventional echocardiographic methods. The clinical use of RT3DE has
been established and it has been validated against angiography, radionuclide
angiography, and cardiac magnetic resonance imagin (CMRI) for the assess-
ment of volumes and ventricular function. Recent technological advances
have allowed the manufacturing of novel sophisticated matrix-array trans-
ducers, which offer fast acquisition of high-quality datasets in real time. At
the same time, the development of new dedicated semi-automatic software
enables the investigator to perform more accurate measurements. This has
further improved inter- and intraobserver agreement as well as the repeata-
bility of this method, while strong correlation between RT3DE and CMR in
volumetric measurements has been convincingly demonstrated.

Mechanical asynchrony can occur between two or more of the 16 myocar-
dial regions described by the American Society of Echocardiography (ASE)
from basis to apex. While tissue Doppler techniques have been extensively
used to assess dyssynchrony, the limited spatial resolution using tissue
Doppler, usually confined to the basal myocardial segments, together with
the variable algorithms used by several manufacturers, make tissue Doppler
imaging impractical for routine use in the identification of patients who
might benefit from CRT.

RT3DE, on the other hand, offers ideal spatial resolution involving the
entire left ventricle  from base to apex and can therefore be invaluable in the
assessment of mechanical asynchrony. With the additional generation of
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three-dimensional regional volume–time curves, accurate measurement of
regional function and synchronicity in one cardiac cycle can be performed.
Regional time differences enable the identification of the most delayed
regions, even when these are located in the most distal left ventricular
regions and the apex. This technique could offer precise mapping of the
mechanical asynchrony, which may be important in selecting heart failure
patients who would benefit from CRT. Furthermore, by providing the elec-
trophysiologist with regional temporal information, it could prove to be very
effective in the identification of the most delayed site and thus pacing of the
most delayed region.

The Dyssynchrony Index has been proposed to correlate with the ejection
fraction. Moreover, the correlation between QRS width and the Dyssyn-
chrony Index further empowers previous findings that mechanical rather
than electrical synchrony offers a finer analysis of the anomalies amenable
to resynchronisation.
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Upgrading From Right Ventricular to Biventricular Pacing:

When, Why, and How?

R. CAZZIN, G. PAPARELLA

Introduction

The incidence of conduction delay in patients with congestive heart failure is
approximately 30% [1], and patients with left-bundle-branch block (LBBB)
have a worse survival rate than those with heart failure alone [2]. Ventricular
dyssynchrony results in regional motion abnormalities of the left ventricular
wall that produce a deterioration of cardiac performance.

Right ventricular apical pacing induces a left ventricular conduction pat-
tern similar to LBBB, with a QRS vector directed upward and posteriorly. On
echocardiography, chronic right ventricular apical pacing produces geomet-
ric changes that appear similar to those associated with intrinsic LBBB:
shortening of ventricular filling time, reduction of ventricular dP/dt, and a
prolonged duration of mitral regurgitation with detrimental effects on sys-
tolic and diastolic function [3]. Some reports [4, 5] have suggested that car-
diac asynchrony due to LBBB is greater than dyssynchrony due to right ven-
tricular pacing, because a larger portion of the myocardium is prematurely
activated.

Cardiac resynchronisation, in which biventricular pacing reduces the
intraventricular dyssynchrony of the left ventricle, is a new therapeutic
option for patients who have drug-refractory end-stage heart failure [6, 7].
Many controlled prospective trials have shown that this therapeutic
approach provides clinical and haemodynamic benefits in patients with
advanced heart failure, severe left ventricular dysfunction, and ventricular
asynchrony [8, 9]. The role of right ventricular apical pacing in treating
patients with heart conditions is unclear, as is whether upgrading to biven-
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tricular pacing in these patients would provide clinical and haemodynamic
improvement. In this article the impact of cardiac resynchronisation therapy
in patients with permanent right ventricular pacing and advanced heart fail-
ure is assessed.

Evidence of Negative Effects Deriving from Right Ventricular Apical

Pacing

Several recent studies evidenced deleterious effects deriving from chronic
right ventricular apical pacing. The Canadian Trial of Physiologic Pacing
(CTOPP) [10] was a multicentric randomised study that compared VVI pac-
ing mode with AAI and DDD mode, considered as ‘physiologic’ pacing. In
this trial, no differences were observed in terms of mortality and hospitalisa-
tions for patients with heart failure, but right ventricular pacing seemed to
provoke a detrimental effect on left ventricular systolic function.

The Danish Study [11], conducted by Nielsen, compared AAI to DDD pac-
ing in patients with sick sinus syndrome and confirmed these results. The
investigators found an increase in the size of the atrium and a reduced ejec-
tion fraction in patients with dual-chamber pacing with a high percentage of
stimulation. These negative effects were more evident in patients with sys-
tolic dysfunction and/or with a previous episode of congestive heart failure.

The MOST trial [12], which attempted to identify the best pacing mode in
patients with sick sinus syndrome, compared AAI to DDD pacing. No bene-
fits regarding mortality and cerebral ischaemic accidents were found, but in
the group with ventricular pacing there was a worsening of quality of life
associated with an increased risk of hospitalisation for heart failure. Sweeney
[13] analysed a subgroup of patients with a narrow QRS at baseline and
found a close correlation between percentage of right ventricular pacing and
haemodynamic and arrhythmic events. Patients with a cumulative right ven-
tricular pacing > 40% had an increased risk of hospitalisation for heart fail-
ure associated with an increased recurrence of atrial fibrillation.

Similar results were observed in the DAVID study [14], in which patients
with a dual-chamber ICD with continuous right ventricular pacing had
increased mortality (10.1% vs 6.5%) and more hospitalisations (22,6% vs
13,3%) than those with a single-chamber ICD. The MADIT II trial [15],
which assessed primary prevention of ICD in patients with previous myocar-
dial infarction and severe left ventricular dysfunction, also showed that fre-
quency of hospitalisation for heart failure was higher in patients with ICD-
DDD with constant right ventricular pacing.

All these studies underline that right ventricular pacing is not a ‘physio-
logic’ stimulation and it may have negative effects on cardiac performance
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due to the development of abnormal motion in the septal, apical, and inferi-
or walls as well as of cardiac dyssynchrony deriving from LBBB [16].
Impairments of left ventricular systolic and diastolic function have been
demonstrated echocardiographically also in young patients after long-term
right ventricular pacing.

Clinical and Haemodynamic Effects of Upgrading from Right Ventricular

Apical Pacing to Biventricular Pacing

Very few reports have investigated the potential benefits of upgrading from
right ventricular apical pacing to biventricular pacing. Such studies have
been limited to patients who were treated with right ventricular pacing in
the setting of chronic atrial fibrillation and previous AV junction ablation.
Leon et al. [17] assessed the impact of biventricular pacing in 20 consecutive
patients with severe left ventricular dysfunction, advanced heart failure
symptoms, chronic atrial fibrillation, and permanent pacing because of prior
AV node ablation. They demonstrated significant improvements in NYHA
functional class, increased left ventricular ejection fraction, and decreased
end-systolic diameters associated with a reduction of hospitalisations. In a
randomised single-blind study, Leclercq [18] evaluated patients with
advanced heart failure and atrial fibrillation with a slow ventricular rate.
Patients underwent either biventricular pacing programmed in crossover
with a period of right ventricular pacing mode or biventricular pacing.
Patients programmed to biventricular pacing showed a significant improve-
ment in exercise tolerance; a reduction in the number of hospitalisations was
also observed. Recently, another study [19] assessed in a long-term follow up
(20 ± 19 months) the effects of upgrading on 16 consecutive patients with
chronic atrial fibrillation, prior AV node ablation, and permanent right ven-
tricular apical pacing. The 14 patients surviving after 6 months evidenced
an amelioration of NYHA class, a reduction of cardiothoracic ratio and
mitral regurgitation, and an increased ejection fraction. Our experience on
upgrading patients with right apical ventricular pacing and heart failure
(NYHA III–IV; ejection fraction < 35%), consists of 28 patients, 43% paced
for sick sinus syndrome and 57% for atrio-ventricular conduction distur-
bances. Before and after upgrading, the patients underwent clinical and
echocardiographic examinations. The results after a 26 ± 9-month follow-
up period demonstrated important clinical improvement in functional class
(NYHA = 1.8 vs 3.2) and a reduction in the number of hospitalisations (0.4
vs 2.4). Similarly, haemodynamic benefits were evidenced with respect to
end-diastolic volume and mitral regurgitation area reduction and enhanced
ejection fraction. The same results were obtained in a comparison of the
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upgraded patients with a similar group of patients recommended for cardiac
resynchronisation therapy. The implanting procedure was simplified by the
presence of stable previously inserted leads. In the major of our patients, we
cannulate the coronary sinus directly with the lead until the lateral or pos-
terolateral vein, without the use of contrasting iodine agents, and with a very
short procedure time.

Discussion

Cardiac resynchronisation therapy improves heart failure symptoms in
patients with LBBB and severe reduction of left ventricular systolic function
[8, 9]. While the effects of upgrading from right ventricular to biventricular
pacing in patients with congestive heart failure have been analysed in only a
few studies, the initial results are highly encouraging. Thus, this procedure
seems to be safe and feasible; procedural success is estimated to be 90–92%,
with a low percentage of complications [20]. Many studies have found that
chronic right ventricular pacing induces desynchronisation, which could
worsen ventricular function and accelerate the progression of heart disease
[21, 22]. Why do some patients develop cardiac heart failure after ‘ablate and
pace’ procedure? In patients with heart failure, in whom symptoms persist in
spite of ventricular rate control, one explanation could be that correcting the
tachycardia and irregular cardiac cycles is insufficient to reverse the evolu-
tion of the underlying heart disease, and that the benefits deriving from AV
node ablation are counterbalanced by the deleterious effects of right ventric-
ular apical pacing [23]. In patients treated with AV junction ablation, it is
often observed that initial well-being is followed by a re-appearance or
recurrence of heart failure symptoms [24]. This implies that the natural evo-
lution of the underlying heart disease is accelerated by the detrimental effect
of long-term right ventricular pacing – a consequence that is maximised in
patients with reduced ventricular performance. In our study we also
observed detrimental effects of right ventricular apical pacing on systolic
function. Before pacemaker implantation, 80% of the patients presented with
moderate left ventricular dysfunction (ejection fraction = 0.42 ± 0.08) and
NYHA I-II. After 24 months of right ventricular pacing, almost 50% of the
patients showed a worsening of congestive heart failure symptoms associat-
ed with  severe left ventricular dysfunction. In three patients, the procedure
of upgrading to biventricular pacing became necessary very early (after 3
months). This occurrence led the suggestion that right ventricular apical
pacing associated with initial left ventricular dysfunction seems to worsen
ventricular performance, accelerating progression of heart disease.

488 R. Cazzin, G. Paparella



Conclusions

Patients with right ventricular pacing and heart failure may be candidates
for resynchronisation therapy with the upgrading to biventricular pacing.

The procedure has been shown to be simple and safe. In addition, the
results of the above-mentioned studies are encouraging and show that
upgraded patients may profit from a better quality of life. However, the life
expectancy of these patients remains to be investigated.
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Cardiac Resynchronisation Therapy: How to Identify Patients

Who Will not Respond to Therapy

M.M. GULIZIA, A. RAGUSA, G.M. FRANCESE

Congestive heart failure (CHF) is the major cause of mortality, morbidity,
and hospitalisation in patients aged ≥ 60 years in Europe and the USA, with a
prevalence in this latter from 0.4% up to 2% [1]. In addition to the clinical
symptoms such as left ventricular dysfunction, reduced exercise tolerance,
and impaired quality of life, these patients often have a markedly shortened
life expectancy, with a further worsening in those with heart conduction
defects [2–5]. Despite major advances in medical therapy [6-16], mortality
and morbidity remain still high [17].

Cardiac resynchronisation therapy (CRT) was introduced in the early
1990s [18]. It was approved by the FDA in 2001 and was classified in the
American College of Cardiology/American Heart Association/North
American Society of Pacing and Electrophysiology/Heart Rhythm Society
2002 guideline update for the implantation of pacemaker and anti-arrhyth-
mic devices with evidence level IIA [19] for patients with idiopathic or
ischaemic cardiomyopathy and severe heart failure (NYHA functional class
III or IV) despite optimised medical therapy, with left ventricular ejection
fraction < 35%, QRS duration > 120 ms, and left ventricular end-diastolic
diameter > 55 mm. These guidelines were based on two controlled trials:
Multisite Stimulation in Cardiomyopathy (MUSTIC) [20] with a crossover
design and Multicenter InSync Randomised Clinical Evaluation (MIRACLE)
[21] a parallel placebo trial.

The results of MUSTIC [20], PATH-CHF (Pacing Therapies for Congestive
Heart Failure study) [22, 23], and the preliminary data from the Italian
InSync Registry (InSIR) [24, 25] demonstrated the enhancing effect of car-
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diac resynchronisation therapy (CRT) on heart haemodynamic performance,
working ability, and quality of life in a large number of patients with CHF
and uncoordinated contraction, but while the majority of patients ‘feel bet-
ter’ with CRT and the benefit has an On-Off effect (COMPANION study)
[26–31], still 20–30% of patients did not respond to CRT, emphasising the
need for additional selection criteria to identify potential responders [32].

Table 1 shows the proposed patient selection of the major studies on
CRT. All the studies reported in this table demonstrated a statistical (P <
0.001) improvement in mean NYHA class in the biventricular paced popula-
tion, as well as an increase (P < 0.001) in the mean distance walked in 6
min (with the exception, for this latter, of the Contak ICD Trial). All these
studies also showed an improvement in the quality of life of the patients by a
reduction of more than 30% of the Minnesota Living with Heart Failure test
score, but no definite indication has been given towards finding any clinical
routine-practice predictors that would identify patients who will or will not
respond to CRT.
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Table 1. Proposed patient selection of the major studies on CRT

Study (number NYHA QRS Sinus ICD Status
randomised)a class

MUSTIC AF (43) III > 200b AF No Published

PACMAN (328) III ≥ 150 Normal No Enrolled

MUSTIC SR (58) III > 150 Normal No Published

VecToR (420) II,IV ≥ 140 Normal No Published

MIRACLE (453) III,IV ≥ 130 Normal No Published

MIRACLE ICD (369) III,IV ≥ 130 Normal Yes Published

MIRACLE ICD II (186) II ≥ 130 Normal Yes Published

CARE HF (800)c III,IV ≥ 120 Normal Y/N Published

COMPANION (>1600) III, IV ≥ 120 Normal Y/N Published

CONTAK CD (227) III,IV ≥ 120 Normal Yes Published

PATH-CHF (41) III,IV ≥ 120 Normal No Published

PATH-CHF II (89) III,IV ≥ 120 Normal No Published

aEF ≤ 35% for all
bRV paced QRS
cEcho-based criteria for < 150 ms 
QRS QRS duration at standard electrocardiogram, Sinus patients in sinus rhythm
(normal) or atrial fibrillation (AF), ICD biventricular ICD device implantation



At present, although no definite guideline has been given about the selec-
tion of patients who will or will not respond to CRT, recent data from many
authors’ studies may provide indications and clinical routine-practice pre-
dictors that can identify patients who will respond to CRT.

Leclerq et al. [33] identified a clinical predictive parameter in the LVEF 
(P < 0.036) and an acute predictive one when an increase was recorded in
cardiac output and a decrease in PCWP by more than 10% during DDD BiV
pacing compared to baseline AAI mode.

In another study, Kass et al. [34] demonstrated the positive correlation
existing between the baseline QRS duration and the dP/dtmax during left ven-
tricle and BiV pacing. However, because of some discrepancies in the
response to BiV pacing observed in some patients with wide QRS, authors
postulate that finding the optimal pacing site can play a major role in CRT.

The same results were found by Auricchio et al. [35], who underlined the
importance of a baseline QRS duration > 150 ms, which was able to identify
most of the responders to BiV pacing.

To determine whether some factors could predict the long-term clinical
effectiveness of CRT, Alonso et al. [36] studied 26 patients with drug-refrac-
tory heart failure and wide QRS implanted with a BiV pacemaker. NYHA
class, exercise tolerance, and LVEF were recorded at baseline and after pace-
maker implantation. Patients were divided into two groups: group I, respon-
ders; group II, non-responders. QRS duration and axis at baseline and during
BiV pacing, interventricular conduction time, and left and right ventricular
lead positions were compared between the two groups. Only QRS duration
during BiV pacing differed between the two groups, with a significantly
shorter value in group I than in group II (154 ± 17 ms vs 177 ± 26 ms; P
= 0.016).

In a study on the sensitivity and specificity of QRS duration in predicting
the acute benefit in CHF patients (PATH-CHF I and II) treated with CRT,
Kadhiresan et al. [37] demonstrated that at smaller QRS duration thresholds
the specificity tends to be lower, while accuracy was highest (80%) at a QRS
duration of 155 ms, with positive and negative predictive values of 77% and
92% respectively.

Performing cardiac catheterisation in 22 CHF patients with a dual-sensor
micromanometer to measure LV and aortic pressure during sinus rhythm
and LV free wall pacing, Nelson et al. [38] demonstrated that, although
mechanical dyssynchrony is a key predictor for pacing efficacy in CHF
patients with conduction delay, combining information about QRS and basal
dP/dtmax provides an excellent tool by which to identify maximal responders.

Other authors [39], speculating on the idea that pacing two sites with the
longest conduction delay will result in the largest improvement in cardiac
function in CHF, demonstrated that applying CRT in these sites does not
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necessarily produce better haemodynamic improvement in CHF patients.
Some authors [40] have hypothesised that the percentage increase in QRS

duration at short atrioventricular delays during BiV pacing can distinguish
responder from non-responder sites, while others [41] have demonstrated, in
a group of 18 CHF patients in atrial fibrillation treated with BiV pacing com-
pared to a group of 56 in sinus rhythm, that CRT improved both patient
groups, suggesting that inter- and intraventricular resynchronisation had a
more important effect than atrioventricular delay optimisation.

In partial contrast with these just-mentioned results, in the analysis of
54/316 patients enrolled in the InSIR [42], LVEDD was the only significant
predictor of clinical outcome. The authors postulate that this could be due to
the poor contractility reserve of a very dilated left ventricle, as shown by the
LVEF percentage increasing only in the responders group.

The recent studies have suggested the role of assessing systolic asyn-
chrony to predict improvement of systolic function or LV reverse remodel-
ling [43–49] [defined as a reduction of left ventricle end systolic volume
(LVESV)] > 15% 3 months after CRT, while the non-responders are defined
by a reduction of LVESV ≤ 15%). Mechanical dyssynchrony is not necessarily
related to electrical dyssynchrony, and the presence of substantial left ven-
tricular dyssynchrony is a major predictor of response to CRT. Indeed, the
absence or lesser extent of ventricular dyssynchrony can identify non-
responders to CRT. Moreover, many patients with a wide QRS complex do
not exhibit LV dyssynchrony, whereas many patients with a narrow QRS
complex may demonstrate LV dyssynchrony. These considerations suggest
that electrocardiography is not an accurate marker of electromechanical
delay, as electrical delay may not occur in patients with left bundle branch
block, whereas significant mechanical asynchrony is absent in nearly 30% of
patients with prolonged QRS duration [50]. Thus, many investigators are
looking for any features that will predict the clinical response in the individ-
ual patient who is the optimal candidate for CRT but did not respond to CRT.

NYHA functional class IV, marked dilatation of the left ventricle (DTD >
60 mm), severe mitral regurgitation, an unstable haemodynamic status, and
a VTI of aortic flow ≤ 12 cm are considered to be associated to a negative
response to CRT [51]. Furthermore, many authors have suggested that the
likelihood of responding to CRT is lower in patients with ischaemic heart
disease, sustained ventricular tachycardia, and severe mitral regurgitation
[52], whereas others have demonstrated that the percentages of responders
to CRT were comparable in the group of patients with ischaemic disease and
in those with idiopathic cardiomyopathy, underlining that the aetiology of
heart failure was not related to the response to CRT [53].

Given the limitations of surface ECG, the authors in the CARE-HF study
proposed some echocardiographic parameters to investigate the presence of
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ventricular dyssynchrony [54, 55]. Thus, in patients with a QRS duration of
120–150 ms it is possible to evaluate the presence of ventricular dyssyn-
chrony by the presence of the following echocardiographic parameters: (1) a
prolonged aortic pre-ejection delay (> 140 ms), (2) an increased mechanical
interventricular delay (> 40 ms), and (3) a left ventricular segmental post-
systolic contraction (LVPSC).

The first echocardiographic parameter is derived from the measurement
between the onset of the QRS complex and the beginning of the aortic flow
on pulsed-wave Doppler imaging. The second echocardiographic parameter
can be evaluated by assessing the extent of interventricular mechanical
delay, defined as the time difference between the onset of the pulmonary and
the aortic flow (left and right ventricular pre-ejection intervals = IVMD)
during pulsed-wave Doppler imaging. An IVMD ≥ 40 ms is considered
indicative of interventricular dyssynchrony, and in the MIRACLE trial this
index was reduced by 19% after CRT. Finally, LVPSC is defined as the maxi-
mal local wall inward movement occurring later than the start of the trans-
mitral Doppler flow signal.

The prolongation of the delay of the first two parameters just cited results
in a decrease in left ventricular contraction duration and a decrease in
regional ejection fraction. Moreover, Yu et al. [55] using tissue Doppler imag-
ing (TDI) found a large mechanical delay between the free right ventricular
wall and the lateral wall of the left ventricle, which was completely reversed
after CRT. So, as described by other authors [56], a simple rule can be repre-
sented by: the longer the aortic pre-ejection delay, and the shorter the left
ventricular filling duration, the more advanced the ventricular dyssyn-
chrony. However, besides the interventricular dyssynchrony, which is defined
as an asynchronous right–left ventricular contraction and relaxation occur-
ring in left bundle branch block patients that produces abnormal septal
motion with a reduced interventricular septal contribution to global left ven-
tricular performance, there are other forms of asynchrony that may con-
tribute to ventricular dyssynchrony [57].

Briefly, the atrioventricular dyssynchrony is an abnormal conduction of
the AV node which results in: a delay between atrial and ventricular contrac-
tion; mitral valve incompetence with occurrence of late diastolic regurgita-
tion; shortened ventricular filling time, limiting diastolic stroke volume; and,
often, immediate occurrence of atrial systole with early passive filling, hence
reducing left ventricular filling. In this case left ventricular performance can
be improved by adequate atrioventricular timing. It has been proposed that
the optimal atrioventricular delay should provide the longest left ventricular
filling time without premature truncation of the A-wave by mitral valve clo-
sure. This approach is widely accepted as a simple method by which to opti-
mise atrioventricular delay, although it is not clear whether atrioventricular

495Cardiac Resynchronisation Therapy: How to Identify Patients Who Will not Respond to Therapy



timing optimisation is needed or whether an atrioventricular delay of 100 or
120 ms would be appropriate for all patients.

At present attention is focused on the intraventricular dyssynchrony as
data revealing that a lower degree of intraventricular dyssynchrony results in
a lower benefit from CRT. It occurs when a portion of the left ventricle is
prematurely activated and generates regions of both early and delayed con-
traction that will contribute to altered LV performance [51]. Using M-mode
echocardiography, Pitzalis et al. [43] demonstrated that a septal-to-posterior
wall motion delay (SPWMD) ≥ 130 ms was a marker of intraventricular dys-
synchrony. However, the SPWMD cannot be obtained, either because the sep-
tum is akinetic after extensive anterior infarction or because the maximal
posterior motion is not defined. In addition, it is often not possible to obtain
a perpendicular M-mode section of the proximal left ventricle. TDI can pro-
vide accurate information about intraventricular dyssynchrony by assessing
peak systolic velocity at different regions of the myocardium and the timing
of peak systolic velocity. Bax et al. [46] measured intraventricular dyssyn-
chrony by placing two sample volumes on the basal parts of the septum and
lateral wall, and a delay ≥ 60 ms, referred as septal-to-lateral delay, was an
indicator of substantial intraventricular dyssynchrony. Yu et al. [50] used
TDI to assess intraventricular dyssynchrony into 12 myocardial segments.
For each segment the time from onset of QRS complex to peak systolic veloc-
ity was measured and two parameters were obtained: the maximal difference
between peak systolic velocities of any 2 of the 12 segments (intraventricular
dyssynchrony defined as difference > 100 ms) and the SD of all 12 time
intervals measuring time to peak systolic velocity (dyssynchrony index SD >
33 ms) Only patients with an index > 33 ms demonstrated reverse remod-
elling after CRT. More recently, Yu et al. [49] utilised tissue synchronisation
imaging (TSI), a parametric imaging derived from 2D TDI which automati-
cally calculates and colour-codes the time to peak tissue velocity in every
position in the image with reference to QRS signal, using the six basal mid-
segmental model. The cut-off of the SD of the peak systolic velocities of the
LV segments was 34.4 ms. The commonest site of most severe delay was the
inferior wall (45%), followed by the lateral wall (30%), posterior wall (25%),
septal wall (16%), and anteroseptal wall (5%). However, only the presence of
lateral wall delay at baseline was associated with a reverse remodelling
response (sensitivity 47%, specificity 89%) [49, 57]. Therefore a simple algo-
rithm could be used to identify responders or non-responders to CRT in
which the combination of these two parameters, lateral wall delay and SD >
34.4 ms, gave a specificity of 87% and a sensitivity of 82% (Fig. 1). Ansalone
et al. [45] have also shown that the most delayed wall was the lateral one
(35%), while the inferior wall and the septum infrequently show the latest
mechanical activity; furthermore, these authors demonstrated that biven-
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tricular pacing provided additional benefit when applied at the most delayed
site. A limitation of TDI with velocity imaging is its inability to determine
whether the motion represents contraction or is merely passive. Strain and
strain rate allows direct assessment of the degree of myocardial deformation
during systole; strain is expressed as the percentage of segmental shortening
or lengthening in relation to the original length, while strain rate measures
the rate of local deformation. Compared with TDI, strain rate differentiates
better between active systolic contraction and passive displacement, which is
of particular importance in ischaemic patients with scar tissue [58]. Tissue
tracking and strain rate imaging have also proved useful in assessing longi-
tudinal resynchronisation. The latter is interpreted as a decrease in percent-
age of the extent of LV basal segments displaying delayed longitudinal con-
traction (an active contraction after closure of the aortic valve), and CRT
reduced the extent of this form of diastolic contraction. Sogaard et al. [47]
focused on late or postsystolic longitudinal contraction at the base of the left
ventricle, and delayed longitudinal contraction is considered a superior pre-
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Fig. 1. Suggested algorithm for assessing systolic asynchrony by tissue synchronisation
imaging (TSI) to identify responders and non-responders to cardiac resynchronisation
therapy and predict reverse remodelling (modified from [49]). 2D two dimensional, SD
standard deviation

Qualitative TSI of 2D images in ejection phase, at
apical 4-chamber, 2-chamber and long axis views

Most severe or equally
severe delay at lateral wall

Likely responders to CRT

Proceed to quantitative TSI:
Ts-SD-12-ejection

Likely non-responders to
CRT

>34.4 ms

<34.4 ms

Yes

No



dictor of CRT (less extensive mechanical asynchrony, less response to CRT).
In conclusion, cardiac resynchronisation therapy (CRT) is now consid-

ered an established therapy for patients with heart failure, with good clinical
results, although 20–30% do not respond. Many investigators are looking for
reliable predictors of patient response to CRT. Although no definite guideline
has been given as of today about the selection of patients who will or will
not respond to CRT, recent data from many authors’ studies may provide
indications and clinical routine-practice predictors that can identify
patients.

At present, several echocardiographic methods to assess dyssynchrony
have been proposed, varying from conventional to advanced approaches, pri-
marily involving TDI, trans thoracic (TT), TSI, strain, and strain rate. It cur-
rently unclear which of these parameters provides optimal information on
dyssynchrony and which parameters may actually allow prospective identifi-
cation of responders and non-responders to CRT. However, based on the
assessment of AV, interventricular, and intraventricular dyssynchrony, accu-
rate prediction of response to CRT will be feasible. In particular TDI may
allow precise assessment of intra-and interventricular dyssynchrony and
could be included in the selection of candidates for CRT. Moreover, based on
the assessment of the site of latest activation in LV, echocardiography can
guide LV lead positioning and may be used to optimise AV delay and V-V
delay.
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Controversial and Emerging Indication for CRT:

Atrial Fibrillation

M. BRIGNOLE1, P. JAÏS2

Introduction

Randomised trials have shown that in patients affected by atrial fibrillation
(AF) the ‘rhythm control strategy,’ which uses medication to maintain sinus
rhythm, increases the rate of hospitalisation, with no improvement in mor-
tality and no or little symptomatic benefit, as compared with the ‘rate control
strategy.’ However, both pharmacological strategies give, respectively, largely
incomplete rhythm or rate control. Indeed, maintaining sinus rhythm with
the use of anti-arrhythmic drugs is challenging, owing to the limited efficacy
and potentially deleterious effects of the drugs [1–4]. However, the control of
heart rate achievable with pharmacologic therapy is also imperfect and, in
many patients, difficult to achieve. Moreover, acute studies have shown that
during AF irregular RR intervals are associated with a negative haemody-
namic effect, which is independent of heart rate [5], and that this effect is
reversed by regularisation of the rhythm [6].

Curative catheter ablation has been established as an effective therapeu-
tic option for treating atrial fibrillation that is resistant to pharmacologic
rhythm control, with successful long-term maintenance of sinus rhythm
without the need for anti-arrhythmic drugs [7, 8]. AV junction ablation and
pacing therapy offer theoretically perfect control of heart rate; consequent-
ly, the expected results are superior to those observed with drug therapy [9,
10]. Catheter ablation is easier for rate control than for rhythm control.
Creating heart block and implanting a permanent pacemaker provide regu-
larisation of the ventricular rate, and the use of biventricular pacemakers

1Centro Aritmologico, Dipartimento di Cardiologia, Ospedali del Tigullio, Lavagna
(Genua), Italy; 2 Hôpital Cardiologique du Haut-Lévêque and Université Victor Segalen,
Bordeaux II, Bordeaux-Pessac, France



may prevent the adverse effect of right ventricular pacing on left ventricular
function [11].

Thus, both non-pharmacological strategies seem to be able to provide
better (potentially optimal) rate and rhythm control than pharmacological
therapies. Two recently published studies, one using AV junction ablation
[10] and the other using curative left atrial catheter ablation [8] have shown
a great improvement in quality of life, exercise capacity, and cardiac perfor-
mance compared with the pre-ablation evaluation.

The present study compares the effect of optimal rate control (RATE)
obtained with AV junction ablation and bi-ventricular pacing with optimal
rhythm control (RHYTHM) obtained with catheter ablation using the popu-
lations of the above studies [8, 10].

Methods

The results of two recently published studies, one using AV junction ablation
(RATE) [10] and the other using curative left atrial catheter ablation
(RHYTHM) [8] have been compared. There were 56 and 58 patients, respec-
tively, with persistent or permanent AF (with the exception of 9% of patients
of the RHYTHM study who had a paroxysmal form), which was severely
symptomatic and refractory to pharmacological therapy. The two popula-
tions had similar baseline characteristics except that the RATE patients were
older (70 ± 8 vs 56 ± 10 years) and 50% of them had left-bundle-branch
block (LBBB)  (Table 1); minor differences were also present regarding gen-
der, NYHA functional class, and left ventricular end diastolic diameter.
There were also some differences in pharmacological therapy at enrolment
(Table 2). The RATE study was a prospective randomised, single-blind, 3-
month cross-over comparison between right ventricular (RV) and left ven-
tricular (LV) pacing (months 0–6) and between RV and biventricular (BiV)
pacing (months 7–12); total follow-up lasted 12 months. RYHTHM was a
case-control parallel study. For the purpose of the present comparison, only
the 58 patients belonging to the congestive heart failure arm were consid-
ered; total follow-up lasted 12 ± 7 months. For a comprehensive description
of the study protocol, inclusion and exclusion criteria, and outcome mea-
sures, refer to the original publications [8, 10].

Procedural success rate and complications as well as clinical events that
occurred during the study period were compared between the two studies.
Symptoms, quality of life, exercise capacity, and echocardiographic LV func-
tion measures were compared between the 41 patients of the RATE group
who completed the BiV pacing phase (i.e. at month 9 or 12) and the 34
patients of the RHYTHM group who were seen at 1-year follow-up. Symptom
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Table 1. Patients’ characteristics at enrolment. LV left ventricle, NYHA New York Heart
Association classification, LVEDD left ventricular end diastolic diameter, LVESD left
ventricular end systolic diameter

Rate control Rhythm control P value
group group

Number of patients 56 58
Age, years 70 ± 8 56 ± 10 0.001
Gender, males 34 (61%) 51 (88%) 0.001
Duration of atrial fibrillation, years 6.6±4.2 6.7±3.7 0.9
Persistent/permanent AF 56 (100%) 53 (91%) 0.03
Bundle-branch block 28 (50%) 0 (0%) 0.001
Holter monitoring: (on 53 patients)
Mean heart rate, bpm 88 ± 20 89 ± 11 0.7
Maximum heart rate, bpm 142 ± 41 154 ± 30 0.1
Inadequate heart ratea 34 (61%) 29 (50%) 0.2

Associated structural heart disease
Coronary artery disease 17 (30%) 12 (21%) 0.2
Others 39 (70%) 46 (79%) 0.2
NYHA functional class 2.5 ± 0.5 2.3 ± 0.5 0.04
Standard echocardiogram:
LV ejection fraction, % 38 ± 14 35 ± 7 0.2
LV ejection fraction < 40% 33 (59%) 38 (66%) 0.3
LVEDD, mm 56 ± 9 60 ± 8 0.01
LVESD, mm 44 ± 10 46 ± 9 0.3

aInadequate ventricular rate control was defined as a mean ventricular rate < 80 bpm
without exercise during Holter monitoring before the procedures

Table 2. Concomitant pharmacological therapy at enrolment

Drug Rate control Rhythm control P value
group n = 56 group n = 58

Digoxin 40 (71%) 17 (29%) 0.001

Diuretics 44 (79%) 32 (55%) 0.01

Nitrates 12 (21%) NA

Ace-inhibitors/AT-II blockers 40 (71%) 42 (72%) 0.4

Beta-blockers 29 (52%) 56 (97%) 0.001

Calcium-antagonists 11 (20%) 16 (28%) 0.2

Aspirin 4 (7%) 10 (17%) 0.09

Warfarin 47 (85%) 58 (100%) 0.001

Amiodarone 7 (12%) 41 (71%) 0.001



and the Specific Symptom Scale in the RATE study and the 36-item Short
Form of the Medical Outcome Study and the Symptom Checklist question-
naires in the RHYTHM study were used to measure symptoms and quality of
life. Exercise capacity was evaluated by the 6-min walked distance in the
RATE study and by exercise time and capacity in the RHYTHM study.

The comparison between the two study populations was made by
unpaired t test for continuous variables and by Fisher’s exact test for propor-
tions. To make the measures of the two studies comparable, the intrapatient
comparison that had been performed in the original study between enrol-
ment and follow-up was reported as percentage of change. The respective
percentages were then compared between the two study populations.

Results

A stable rate or rhythm control was achieved in 98% of RATE patients and in
78% of RHYTHM patients (P = 0.001). At least one procedure was necessary
in 11% and 50% of patients, respectively (P = 0.001) (Table 3). Two
RHYTHM patients who had heart failure symptoms after failed ablation
received successful AV junction ablation and AV pacing. Severe peri-proce-
dural complications occurred in 0% and 3% of patients (difference not sig-
nificant). During a follow-up of 12 months (Table 4), compared with pre-
ablation measures, NYHA class improved by 30% in RATE patients and by
39% in RHYTHM patients (difference not significant). In the RATE study, the
Minnesota Living with Heart Failure Questionnaire score improved by 49%,
the Specific Symptom Scale total score by 53%, and the Karolinska score by
54%. In the RHYTHM study, the Physical and the Mental summary scores of
the 36-item Short Form of the Medical Outcome Study questionnaire
increased by 53% and 40%, respectively, and the frequency and severity
scores of the Symptom Checklist questionnaire increased by 45% and 57%,
respectively (all differences not significant compared with RATE quality of
life measures). In the RATE study, the 6-min walked distance increased by
19%; in the RHYTHM study, exercise time increased by 9.4% and exercise
capacity by 17% (difference not significant). Congestive heart failure
recurred during the follow-up in 11% of RATE and in 5% of RHYTHM
patients (difference not significant). The RHYTHM patients had significantly
greater improvement in LV function (+60% vs +10%, P = 0.001), reduction
of LV diastolic diameters (-10% vs +2%, P = 0.001), and LV systolic diame-
ters (-17% vs -5%, P = 0.001). There were six deaths in the RATE study and
one in the RHYTHM study (P = 0.05). The mean age of the six patients who
died in the RATE study was 75±4 years; five of those patients (83%) had
LBBB.
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Discussion

This is the first attempt to compare two recent, non-pharmacological, innov-
ative therapies that are not yet fully established. Although the methodologi-
cal limitations of this kind of comparison are obvious, nevertheless to our
knowledge no prospective randomised trial has yet been designed for this
purpose, and many years of follow-up will probably be necessary before such
a study can be concluded. Therefore, our results provide the background to
perform a proper randomised controlled trial.

Nonetheless, the results should be interpreted with caution, taking in
account the following considerations:
1. Non-pharmacological rate and rhythm control strategies are very effec-

tive in improving quality of life and exercise capacity during 1 year of fol-
low-up. While NYHA class was used in both studies, quality of life and
exercise capacity were evaluated by different outcome measures. Thus,

507Controversial and Emerging Indication for CRT: Atrial Fibrillation

Table 3. Procedures and outcome. CS coronary sinus

Rate control P Rhythm control
group value group

Undergoing initial 56 58 Performing initial 
procedure procedure

Failures: no CS pacing (2), 6 (11%) 0.001 29 (50%) Failure:
no stable AV block (3), AF persistence
threshold increase (1):

Stable rate control 55 (98%) 0.001 45 (78%) Stable sinus rhythm 
after correction after repeated ablation 

(5 with drugs

Severe complications 0 (0%) 0.3 2 (3%) Severe complications:
tamponade (1),
stroke (1)

Length of 12 12 ± 7 Length of follow-up,
follow-up, months months

Clinical events Clinical events during 
during follow-up follow-up

Death (sudden 3, 6 (11%) 0.05 1 (1%) Death
heart failure 3)*

Congestive heart failure 6 (11%) 0.2 3 (5%) Congestive heart 
failure
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the results could be compared only indirectly, by comparing the percent
variations from baseline to the end of the follow-up. However, they were
very similar in terms of improvement in quality of life and exercise
capacity. It is likely that the greater improvement of cardiac performance
obtained with the rhythm control therapy was counterbalanced by the
lower procedural success rate of this therapy and by the potentially dele-
terious effects of antiarrhythmic drugs, which were continued in some
patients.

2. Advanced age and the presence of LBBB are independently associated
with poorer survival in population-based studies of patients with heart
failure [12, 13]. In one study [12], patients ≥ 75 years the age of those who
died in the RATE study had an odds ratio of 4.2 (CI 3.5–5.1) to die after 1
year compared to the odds ratio of 1.6 (CI 1.3–1.9) of patients age 50–64
years as which affected five of the six patients who died in the RATE study
had a odds ratio of1.9 (CI 1.4–2.3) to die after 1 year compared to those
without LBBB. Thus, it seems that the great difference in age and the pres-
ence of LBBB can explain sufficiently the observed difference in mortality
between the two studies. The 1-year mortality rate of our population was
11%, which is very similar to that of the large series of patients affected by
AF and mild-to-moderate heart failure enrolled in the V-HeFT II study
[14]. In some population-based studies, mortality at 1 year was higher,
ranging from 8% up to 60% [12, 13, 15]. The large disparity between
patient-fatality rates observed in the RHYTHM study and the rates report-
ed in population-based studies is due clearly to some selection criteria of
the patients, making mortality rates difficult to compare.

Perspectives

What scenario is likely in the next few years? Both strategies will probably
become established in clinical practice, and many patients with drug-refrac-
tory symptomatic AF will benefit from one or the other therapy. The advan-
tage of a curative approach that maintains sinus rhythm should be weighed
against the lower success rate, the need to perform a second procedure in
many patients, and the potential for severe complications. The choice of one
or the other therapy may well depend on the individual characteristics of the
patients. For example, younger patients with narrow QRS and absence of LV
dyssynchrony could first undergo an attempt of curative left atrial catheter
ablation. Conversely, older patients with wide QRS and LV dyssynchrony will
probably benefit more from resynchronisation therapy. Since the risk of
arrhythmic sudden death remains a major issue, an ICD back-up should be
considered in those patients with severely depressed systolic function.
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Cardiac Resynchronisation Therapy in Patients with 

NYHA Class I-II

C. LINDE

Background

Chronic heart failure (HF) due to systolic dysfunction is a major health
problem, and there is an increasing prevalence as a result of better survival
after acute myocardial infarction, improved diagnostic methods, and aging
of the population. In the USA, there are approximately five million HF
patients in a total population of nearly 294 million [1], while in Europe there
are 10 million in a total of 666 million people. Asymptomatic left ventricular
dysfunction (ALVD) is estimated to have a similar prevalence [2, 3]. The
prognosis of HF is poor if the underlying cause cannot be treated. Recent
advances in drug treatment, particular those that modify neurohormones,
have been shown to reduce HF-related morbidity and mortality [4–6].

Overt HF symptoms generally follow ALVD, which is linked to increased
morbidity and mortality [5–7]. In the Framingham trial, a mortality rate of
40% over a 5-year follow-up was found in patients with a marginally reduced
left ventricular ejection fraction (LVEF) (< 50%) [6]. In the SOLVD preven-
tion study, the development of HF was studied in patients with ALVD
defined by a LVEF of < 35%. Over 8.3 months, 30% in the placebo group,
compared to 21% in the enalapril group, developed overt HF. If electrical
dyssynchrony accompanies left ventricular (LV) dysfunction, the prognosis
is worse [8–10]. Health-care expenditures on HF typically account for 1–2%
of total health budgets, of which hospitalisations account for 60–70% of costs
[11–13]. Thus, in addition to optimal HF medication, interventions that
would halt disease progression and thereby reduce hospitalisation will
reduce health-care expenditure in these patients.
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Cardiac resynchronisation therapy (CRT) has recently emerged as new
and additional form of treatment for patients with chronic HF and evidence
of ventricular dyssynchrony. The clinical efficacy of CRT is now established
in patients with moderate to severe (NYHA class III–IV) HF [14, 15]. Reverse
ventricular remodelling has consistently been demonstrated with CRT
[16–18]. It reflects prevention of disease progression and is possibly associ-
ated with better outcome. Recent data [19] suggest that reverse LV remodel-
ling by CRT can also be observed in less symptomatic HF patients (NYHA
class II) patients. The purpose of this chapter is to elucidate the rationale for
CRT in patients with ALVD with prior HF symptoms or with mild systolic
HF (NYHA class II) and to discuss ongoing studies in these patients.

The Effects of CRT in Patients with Classical Indications for CRT

In studies including 3- to 6-months of follow-up, CRT, either alone or com-
bined with an implantable cardioverter-defibrillator (ICD), has been shown
to improve symptoms, exercise tolerance, and quality of life [14, 15, 20] and
to reverse LV remodelling [16–18] in patients with moderate to severe HF
and wide QRS. Two studies have focused on morbidity and mortality with
longer follow-up periods in similar patients. One of these demonstrated
reduced HF-related deaths and hospitalisations by CRT whereas reduced
overall mortality was only demonstrated in combination with ICD therapy
[21]. Recently, however, total mortality and HF-related hospitalisations were
found to be reduced by CRT compared to control treatment in the CARE-HF
trial [22]. Thus, there is a clear evidence for improvements in total and HF-
related mortality by CRT per se, which justifies the choice of a CRT device
without a defibrillator in many HF patients, especially in the elderly.

Present Knowledge Regarding the Effects of CRT in NYHA II Patients

Whether CRT has similar benefits in patients with less severe HF remains
controversial [23]. One recent study focused on patients with NYHA class-II
HF and a classical indication for an ICD [19]. This was a relatively small, ran-
domised, double-blind, parallel-controlled 6-month study on optimal med-
ical therapy of HF patients. All of the patients had NYHA class-II symptoms,
an LVEF ≤ 35%, and a left ventricular end-diastolic diameter (LVEDD) ≥ 55
mm. In this study, 101 patients were randomised to CRT OFF and 85 to CRT
ON. Based on the clinical composite endpoint developed by Packer [24] to
assess HF patients, significant improvement of CRT compared to control
treatment was shown (Fig. 1).
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Reverse Remodelling

Although patients with pathological LV remodelling experience progressive
worsening of HF, slowing or reversing of remodelling has only recently been
recognised as a goal of treatment [25]. Reverse remodelling by inhibitors of
angiotensin converting enzyme (ACEIs), in particular β-blockers [26, 27],
has been linked to reduced morbidity and mortality in all classes of systolic
HF. Furthermore, these observations have been substantiated by large trials
[28–30]. A consistent finding in the CRT trials designed with 3- to 6-months
follow-up is an 8–15% reduction in LVEDD and an increase in LVEF of 4–6%
[15–17, 23, 31], expressed in units of absolute value. In the CONTAK-CD
trial, significant reverse remodelling could also be demonstrated in the sub-
group of NYHA class I–II patients after 6 months of CRT, even though bene-
fits were less pronounced than in the much larger group of NYHA III–IV
patients [23]. In the MIRACLE ICD II study, significant reverse remodelling
by CRT was seen in NYHA class-II patients (Fig. 2) [19]. These preliminary
observations suggest that CRT might favourably impact outcomes in patients
with less severe symptoms of HF, LV systolic dysfunction, and ventricular
dyssynchrony.
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Ongoing and Future Trials To Assess the Effects of CRT in NYHA Class I–II

Patients

To test the hypothesis that CRT might favourably impact outcomes in
patients with less severe symptoms of HF, LV systolic dysfunction, and ven-
tricular dyssynchrony, the REsynchronization [reVErses Remodeling in
Systolic left vEntricular dysfunction (REVERSE)] study has been initiated.
This study aims at assessing the safety and efficacy of CRT in addition to
optimal medical therapy in patients with ALVD (NYHA I ACC/AHA stage C)
or mild HF (NYHA II) [32].

The REVERSE study is a prospective, multi-centre, randomised, double-
blind, parallel-controlled clinical trial designed to establish whether CRT
combined with optimal medical treatment can attenuate HF disease progres-
sion over at least 12 months compared to optimal medical treatment alone,
in patients with mild HF. Inclusion criteria are: NYHA I ACC/AHA stage C or
II HF, QRS duration ≥ 120 ms, LV ejection fraction ≤ 40%, LVEDD ≥ 55
mm, and an optimised pharmacological regimen [33].

After successful implantation of an atrio-biventricular device (CRT pace-
maker or CRT defibrillator, according to the patients’ needs) approximately
500 patients from 100 centres in the USA, Canada, and Europe will be ran-
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domised to CRT versus no CRT, and followed for at least 12 months (24
months in Europe). The primary endpoint is the HF clinical composite
response, and LV end-systolic volume index is the first-order secondary end-
point. Enrolment started in September 2004 and is expected to be completed
in 2006.

The MADIT CRT aims at investigating whether prophylactic CRT inhibits
or slows symptomatic HF. Patients with previous myocardial infarction and
NYHA I–II, or patients with non-ischaemic cardiomyopathy in NYHA II will
be randomised to either the CRT or control group if they have an EF < 30%,
sinus rhythm, and QRS> 130 ms. The primary endpoint is time to mortality
(considering all causes) or HF event. This study will include 1820 subjects
with an estimated follow-up time of 24 months.

Conclusions

Cardiac resynchronisation therapy improves HF symptoms and reduces HF-
related hospitalisations and total mortality in patients with moderate to
severe HF and ventricular dyssynchrony. In smaller studies, CRT has also
been shown be beneficial in patients with less symptomatic HF. The effects
of CRT on HF outcomes is therefore currently being studied in patients with
NYHA II heart failure or ALVD.
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Cardiac Resynchronisation Therapy: Is It Antiarrhythmic 

or Proarrhythmic?

G. TURITTO, N. EL-SHERIF

Introduction

Cardiac resynchronisation therapy (CRT) was defined in an American Heart
Association Science Advisory as ‘a relatively new therapy for patients with
symptomatic heart failure resulting from systolic dysfunction’ [1]. In addi-
tion to improving a variety of indices of functional status, CRT may decrease
morbidity and mortality. A recent meta-analysis concluded that CRT reduces
mortality from progressive heart failure and suggested a trend toward longer
survival in patients treated with this approach [2]. Total mortality was also
reduced in two recent trials, one of which included CRT in combination with
defibrillation therapy [3, 4].

Although a delayed or halted progression of cardiac dysfunction may be
sufficient to prevent malignant ventricular tachyarrhythmias, there is still
lingering uncertainty regarding the presence and magnitude of antiarrhyth-
mic effects of CRT per se. Furthermore, there is experimental and anecdotal
clinical evidence that left ventricular pacing may have proarrhythmic poten-
tial, thus mandating the presence of a back-up defibrillation function in CRT
devices. This review aims at reviewing evidence in favour or against an
antiarrhythmic effect of CRT.

Evidence for a Proarrhythmic Effect of Left Ventricular Pacing

Basic Studies

Medina-Ravell et al. were the first to point out that the common design for
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CRT, i.e. simultaneous pacing of the right ventricular endocardium and left
ventricular epicardium, is associated with a nonphysiological ventricular
activation sequence. This may augment transmural heterogeneity of repolar-
isation intrinsic to ventricular myocardium and, as a consequence, prolong
the QT and JT intervals on ECG [5]. Their study tested this hypothesis by
assessing the effects of biventricular pacing (BiVP), left ventricular epicar-
dial pacing (LVEpiP), and right ventricular endocardial pacing (RVEndoP)
on ventricular repolarisation, specifically on QT and JT interval and trans-
mural dispersion of repolarisation (TDR), and their roles in arrhythmogene-
sis in patients who received CRT. The cellular mechanisms underlying the
pacing-site-dependent alterations in ventricular repolarisation were studied
in an experimental model consisting of an arterially perfused rabbit LV
wedge preparation in which transmembrane action potentials from endo-
cardium and epicardium could be simultaneously recorded together with a
transmural ECG. In the experimental preparation, TDR was defined as the
difference between the longest and shortest repolarisation times across the
LV wall. The authors showed that switching from endocardial to epicardial
pacing resulted in a change of activation sequence between epicardium and
endocardium, which was associated with an increase in QT interval and TDR
without a parallel increase in endocardial and epicardial transmembrane
action potential duration (APD). An increase in TDR manifested as a more
positive and broader T wave on the transmural ECG. In six preparations,
switching from endocardial to epicardial pacing produced a net increase in
QT and TDR by 17 ± 5 and 22 ± 5 ms, respectively, at a basic cycle length
of 1000 ms (P < 0.05). A more recent study examined the cellular basis for
QT prolongation after reversal of the direction of activation of the LV wall
[6]. Based on previous investigations documenting the contribution of M
cells to TDR, this study postulated that delayed activation and repolarisation
of M cells, coupled with earlier activation and repolarisation of epicardial
cells, may result in QT prolongation, development of transmural heterogene-
ity, and torsade de pointes after a shift from endocardial to epicardial activa-
tion of the LV wall in the absence or presence of rapidly activating delayed
rectifier potassium current (IKr) blockade. This hypothesis was tested in a 1-
dimensional mathematical model of transmural conduction and in the coro-
nary-perfused canine LV wedge preparation. The results of the mathematical
simulation and the experimental data confirmed that intrinsic electrical het-
erogeneity exists within the ventricular myocardium and is amplified when
the normal direction of activation of the ventricular wall is reversed.
Epicardial activation augments TDR because the epicardial action potential
activates and repolarises earlier while the M cells with the longest APD,
located in the deep subendocardium, activate and repolarise later compared
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with endocardial activation of the ventricular wall. The additional conduc-
tion delay encountered between epicardial and M regions during epicardial
stimulation contributes to the amplification of TDR. M cells play a crucial
role in QT prolongation, amplification of TDR, and induction of torsade de
pointes that develop after a shift from endocardial to epicardial activation of
the LV myocardium. The delayed activation and repolarisation of M cells,
when coupled with earlier activation of repolarisation of epicardial cells, cre-
ate the substrate for the development of reentry.

In another study, the roles of voltage output, interventricular delay, and
pacing sites in the development of ventricular arrhythmias were investigated
during BiVP or LV pacing [7]. Voltage-sensitive dye was used in eight
ischaemic Langerdorff-perfused guinea-pig hearts to measure ventricular
activation times and to examine conduction patterns during multisite pacing
from three RV and four LV sites. Isochronal maps of RV and LV activation
were plotted. Ischaemia was produced by gradually halving the perfusion
output over 5 min. Pacing the RV apex and the base of the LV anterior wall
was associated with the most homogeneous and rapid activation pattern (28
± 9 ms vs 41 ± 12 ms with the other configurations, P < 0.01), and no
inducible arrhythmia. In six hearts, ventricular tachycardia could be induced
when pacing from the right and left free walls with 20 ms of interventricular
delay, at six-fold the pacing threshold output. In four hearts, simultaneous
RV and LV pacing at high-voltage output induced ventricular fibrillation
with complex three-dimensional propagation patterns, independently of the
pacing sites. During BiVP with ischaemia, pacing at high-voltage output with
a long interventricular delay is likely to induce ventricular arrhythmias, par-
ticularly when left and right pacing results in a conduction pattern orthogo-
nal to the orientation of the ventricular myocardial fibres.

Clinical Studies

In a study by Medina-Ravell et al., the QT interval, JT interval, and TDR were
measured in 29 patients with heart failure during RVEndoP, BiVP, and
LVEpiP [5]. The data were collected perioperatively (n = 29), 24 h after the
operation (n = 19), and during the first follow-up period, ranging from 1 to
2 weeks after the procedure (n = 12). LVEpiP and BiVP led to significant
QT and JT prolongation. LVEpiP also enhanced TDR, defined as the interval
between the peak and the end of the T wave (Tpeak-end). Frequent R-on-T
extrasystoles generated by BiVP and LVEpiP but completely inhibited by
RVEndoP occurred in four patients, of whom one developed multiple
episodes of nonsustained polymorphic ventricular tachycardia and another
suffered incessant torsade de pointes. These data suggest that, in a subpopu-
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lation of patients with prolonged QT intervals, secondary to heart failure,
electrolyte abnormalities, or exposure to agents with class III antiarrhythmic
actions, a BiVP- or LVEpiP-dependent increase in QT interval and TDR may
be a potential risk for the development of torsade de pointes. Similar occur-
rences of ventricular tachyarrhythmias developing or worsening immediate-
ly after CRT were the subject of two case reports [8, 9].

Evidence for an Antiarrhythmic Effect of Left Ventricular Pacing

Basic Studies

It is possible that changes described in experimental models of LV epicardial
pacing may apply only to the first few hours of LV pacing in human subjects.
Previous studies have shown that changes in the transmural activation
sequence can lead to enduring changes in cardiac repolarisation (i.e. ‘remod-
eling’) [10, 11]. Further studies are needed to establish whether potentially
proarrhythmic abnormalities that may be associated with the initiation of
CRT are mitigated during long-term follow-up. At the present time, no data
are available on the presence and degree of electrical remodeling after initia-
tion of CRT.

Clinical Studies

There is evidence that beneficial structural and contractile LV remodeling
after CRT has a favourable effect on the frequency of spontaneous and
inducible ventricular tachyarrhythmias. The Ventak CHF Investigators
reviewed the frequency of device therapy in patients, serving as their own
controls, who were enrolled in this CRT study [12]. Of 54 patients enrolled in
the Ventak CHF trial, 32 could be analysed. Each of them completed three
blinded months programmed to BiV pacing and a second randomly assigned
3-month period of no pacing. Of the 32 patients, 13 (41%) received appropri-
ate therapy for a ventricular tachyarrhythmia at least once in the 6-month
monitoring period following implantation. Five patients (16%) had at least
one tachyarrhythmic episode while programmed to BiV pacing, whereas 11
(34%) had at least one episode while programmed to no pacing. Three
patients (9%) received therapy in both pacing periods, two with BiV pacing
only. The decrease in necessary therapy for tachycardia during the BiV pac-
ing period was statistically significant (P = 0.035). The authors concluded
that, although CRT does not obviate the need for an ICD, it might diminish
the need for appropriate tachyarrhythmia therapy. Other studies have shown
that BiVP is associated with a decrease in the inducibility of ventricular
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tachycardia [13, 14]. Finally, there is anecdotal evidence that electrical
storms may also be suppressed by CRT [15, 16].

Several markers of ventricular electrical vulnerability may be ameliorat-
ed by CRT, which may provide indirect evidence for the antiarrhythmic
effect of this therapy. Heart rate variability (HRV) was evaluated during peri-
ods of pacing and no pacing in recipients of CRT [17, 18]. In a study by
Adamson et al., HRV was examined in 50 patients implanted with a BiVP
system who were randomised to therapy-on (n = 25) or therapy-off (n =
25) [17]. HRV was computed as the standard deviation of the atrial cycle
length sensed from the system over 2 months of continuous monitoring. A
comparison of HRV between CRT-on and CRT-off groups showed that HRV
was higher in CRT-on than in CRT-off patients (148 ± 47 ms for CRT-on vs
118 ± 45 ms for CRT-off; P = 0.02), despite the lack of difference in mean
atrial cycle length (844 ± 129 ms for CRT-on vs 851 ± 110 ms for CRT-off;
P = 0.82). These authors concluded that CRT shifts cardiac autonomic bal-
ance toward a more favourable profile that is less dependent on sympathetic
activation. An increase in HRV during CRT was also reported by groups who
used conventional Holter recordings to analyse HRV parameters [18].

Microvolt T-wave alternans (TWA) has been proposed as a strong inde-
pendent predictor of malignant ventricular tachyarrhythmias and sudden
cardiac death. We recently investigated the prevalence of TWA during dif-
ferent pacing modalities in a group of patients who received CRT [19].
TWA was recorded with commercially available equipment in 16 such
patients during atrial pacing (AAI) at a rate of 110/min, as well as during
DDD-RV pacing and DDD-BiV pacing at the same rate and with short atri-
oventricular delay, in order to obtain ventricular capture. Criteria for posi-
tive TWA were: alternans > 1 min with Valt (square root of alternans
power) > 1.9 μv and alternans ratio (ratio of alternans to standard devia-
tion of background noise) > 3 in ≥ 1 orthogonal lead or ≥ 2 precordial
leads. In this study, AAI and RV pacing resulted in a high prevalence of
tachycardia-induced TWA, while BiV pacing was associated with ameliora-
tion of all TWA indices (Figs. 1, 2).

Conclusions

Available evidence supports the hypothesis that CRT results in favourable
structural and electrical remodeling. Whether this effect would obviate the
need for back-up defibrillation capability in CRT devices is unclear and
should be the focus of further studies.
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Fig. 1. T-wave alternans parameters obtained in 16 patients with CRT devices during atri-
al pacing (AAI), right ventricular pacing (RV), and biventricular pacing (BiV) at a rate
of 110/min. BiV pacing resulted in a significant improvement in T-wave alternans  para-
meters compared to AAI or RV pacing

Fig. 2. A T-wave alternans (TWA) during RV pacing; B: TWA during BiV pacing.
Abnormal TWA values were ameliorated when switching from RV to BiV pacing
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Impact of CRT on Mortality: What Are the Preliminary Results

from the CARE-HF Trial?

M. LUNATI, G. MAGENTA

CARE-HF Study Design and Study Results

The Cardiac Resynchronization-Heart Failure (CARE-HF) trial [1] was a
multicentre, international randomised trial whose aims were:
1. To assess the effect on morbidity and mortality of adding CRT to opti-

mised pharmacological therapy in patients with moderate and severe
heart failure (HF) due to left ventricular systolic dysfunction (LVSD)
complicated by cardiac dyssynchrony (CD)

2. To investigate the mechanisms underlying the observed effect and to
identify markers predicting success or failure of CRT.
The main inclusion criteria were: chronic HF, NYHA class III/IV, with a

high standard of pharmacological therapy, LVSD and dilation (EF ≤ 35% ;
LVEDD ≥ 30 mm/heights in meters), cardiac dyssynchrony (QRS ≥ 150 ms or
QRS ≥ 120 ms and two of the following echo criteria: aortic preejection
delay ≥ 140 ms, interventricular mechanical delay ≥ 40 ms, delayed activation
of the posterolateral LV wall).

Between January 2001 and March 2003, 813 patients were enrolled at 82
European centres. Patient randomised to CRT (404) received a Medtronic
Insync or Insync III device that provided atrial-biventricular stimulation
(without backup ICD); the implant success rate was 96%.

The primary endpoint was a composite of death from any cause or an
unplanned hospitalisation for a major cardiovascular event. The principal
secondary outcome was death from any cause, classified according to mode.
At completion of the study (September 30, 2004) the rate of cross-over before
primary endpoint was < 5%, survival status was ascertained on all patients,
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mean follow-up from randomisation was 29.4 months.
Baseline characteristics were similar in the two groups (males 73%, mean

age 66 years, mean ejection fraction 25%, mean QRS duration 160 ms, mean
use of a beta-blocker 74%).

By the end of the study, the primary endpoint had been reached in 159
patients in the CRT group vs 224 patients in the control group (39% vs 55%;
HR 0.63, 95% confidence interval 0.51–0.77, P < 0.001).

In the CRT group, 82 patients died as compared with 120 patients
assigned to medical therapy alone (20% vs 30%; HR 0.64, 95% confidence
interval 0.48–0.85, P < 0.002). The mode of death was sudden in 35% of the
patients in the CRT group and in 32 % of the patients assigned to medical
therapy; the cause of death was attributed to worsening HF in 40% of the
patients in the CRT group and in 47% of the patients assigned to medical
therapy.

Compared with medical therapy alone, CRT reduced interventricular
mechanical delay, end-systolic volume index, area of mitral regurgitation jet.
CRT increased EF and improved symptoms and quality of life (P < 0.01).
The benefits were similar among patients with ischaemic heart disease and
in those without, and were in addition to those afforded by pharmacological
therapy.

In summary, the study demonstrated that in patients with advanced HF
and cardiac dyssynchrony CRT improves symptoms and quality of life and
reduces complications and risk of death (37% risk reduction of death or
unplanned hospitalisation, 36% risk reduction of death from any cause) and
should be routinely considered in such patients.

Impact of CRT on Mortality and Update on Guidelines

Approximately 20–25% of patients with advanced HF have electrocardio-
graphic or echocardiographic evidence of inter or intraventricular dyssyn-
chrony. CRT with the simultaneous stimulation of both ventricles improves
coordination of ventricular contraction and, in a series of trials lasting up to
6 months, decreased symptoms and improved exercise capacity and ventric-
ular function [2, 3].

In the COMPANION trial [4], the primary endpoint, composite outcome
of mortality and hospitalisation for any reason, was reduced by 20% in the
CRT arm and in the CRT+ICD arm during a mean follow-up of 16 months.
Mortality, the secondary endpoint, was reduced by 24% relative (4%
absolute), P < 0.06, by CRT and 36% relative (7% absolute), P < 0.003, by
CRT + ICD. There was no difference in mortality when CRT and CRT+ICD
were compared.
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Meta-analyses have left some uncertainty about the effects of CRT on
mortality [5, 6].

The CARE-HF trial [1] demonstrated a 37% relative (16% absolute), P <
0.001, reduction in the composite of death or hospitalisation for major events
and a 36% relative (10% absolute), P < 0.001, reduction in all-cause death.

Thus, there is now clear-cut evidence that CRT, without ICD, significantly
reduces the risk of death in patients with advanced HF and ventricular dys-
synchrony. An ICD might further reduce the risk of sudden death, but if all
cause mortality curves of COMPANION and CARE-HF are compared, it
seems that HF patients died for arrhythmic events in the first 5–6 months
after CRT, and after that period they died of HF progression; in other words,
it seems that reverse remodelling influences electrical remodelling.
Retarding the progression of cardiac dysfunction to prevent malignant
arrhythmias and sudden death may be a better strategy than treating
arrhythmias with an ICD once they occur, but obviously this issue needs fur-
ther evaluation.

Owing to the striking evidence of the CARE-HF trial, in the recently pub-
lished new guidelines (update 2005) for the diagnosis and treatment of
chronic HF of the European Society of Cardiology [7], CRT can be consid-
ered in the treatment of patients with reduced EF and ventricular dyssyn-
chrony (QRS duration [NYHA III–IV] despite optimal medical therapy:
• To improve symptoms (class of recommendation I, level of evidence A)
• To reduce hospitalisations (class of recommendation I, level of evidence A)
• To decrease mortality (class of recommendation I, level of evidence B).

CRT in combination with an ICD can be considered in patients with
severe HF (NYHA III–IV), reduced EF, and ventricular dyssynchrony (QRS
duration ≥ 120 ms):
• To improve morbidity and mortality (class of recommendation IIa, level

of evidence B)
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Loss of Resynchronisation by Biventricular Pacemakers:

Mechanisms, Diagnosis and Therapy

S.S. BAROLD, B. HERWEG, A.B. CURTIS

Introduction

Ventricular resynchronisation with biventricular pacing has increased the
complexity of device follow-up by virtue of additional timing cycles and new
electrocardiographic manifestations [1–6]. Ventricular resynchronisation
devices that memorise episodes of ventricular sensing together with preced-
ing events have facilitated the diagnosis of loss of resynchronisation [1, 2].
The long-term stored data in resynchronisation devices are diagnostically
far superior than conventional 24-h Holter recordings. Although the term
‘ventricular resynchronisation’ describes the mechanical effect of biventricu-
lar pacing, in this discussion the term is used simply to describe biventricu-
lar pacing (not equated with physiologic electrical resynchronisation). The
term ‘desynchronisation’ describes the opposite electrical phenomenon, i.e.
loss of biventricular pacing.

The 12-Lead Electrocardiogram

Paced QRS Complex and Status of Mechanical Ventricular Resynchronisation

The paced QRS during biventricular pacing (utilising the coronary venous
system) is often narrower than the pattern registered during monochamber
ventricular pacing [1, 4]. Barring ventricular fusion beats (with the conduct-
ed QRS complex), a narrower QRS implies depolarisation by both the right
ventricular (RV) and left ventricular (LV) channels. Thus, measurement of
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QRS duration during follow-up is helpful in the analysis of appropriate
biventricular capture and fusion with the spontaneous QRS complex [1, 4]. If
the biventricular ECG is virtually similar to that recorded with RV or LV pac-
ing alone and no cause is found, the conclusion that one of the leads does not
contribute to biventricular depolarisation should not be automatically made
without a detailed evaluation of the pacing system.

RV Lead at the Apex, and LV Lead in the Coronary Venous System

The frontal plane QRS axis is usually in the right superior quadrant. The
frontal plane axis may occasionally reside in the left rather than the right
superior quadrant. The QRS is often positive in lead V1 during biventricular
pacing.

A negative QRS complex in lead V1 during uncomplicated biventricular
pacing probably reflects differential activation of a heterogeneous biventricu-
lar substrate (ischaemia, scar, His-Purkinje participation in view of the vary-
ing patterns of LV activation in spontaneous left bundle-branch block, etc.),
and may not necessarily indicate a poor (electrical or mechanical) contribu-
tion from LV stimulation. However, such a pattern in lead V1 requires exclu-
sion of incorrect placement of lead V1 (too high on the chest), ventricular
fusion (with the spontaneous QRS complex), lack of LV capture, LV lead dis-
placement, presence of pacing via the middle cardiac vein or even unintended
placement of two leads in the RV [1]. In this situation, it is also imperative to
rule out marked latency (exit block or delay from the LV stimulation site), an
important but poorly studied phenomenon that may generate the pattern of
RV depolarisation during biventricular pacing and can be compensated by
V–V timing that alters the timing between LV and RV pacing [1].

RV Lead in the Outflow Tract, and LV Lead in the Coronary Venous System

In our limited experience, we have found that during biventricular pacing
with the RV lead in the outflow tract the paced QRS in lead V1 is often nega-
tive and the frontal plane paced QRS axis is often directed to the right inferi-
or quadrant (right axis deviation) [1]. Further studies are required to con-
firm these preliminary findings and then determine the significance of these
ECG patterns of biventricular pacing according to the RV pacing site.

Ventricular Fusion Beats with Native Conduction

In patients with sinus rhythm and a relatively short PR interval, ventricular
fusion with competing native conduction during biventricular pacing may
cause misinterpretation of the ECG, a common pitfall in device follow-up
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[1]. Elimination of ventricular fusion may produce substantial clinical
improvement. Marked QRS shortening mandates exclusion of ventricular
fusion with the spontaneous QRS complex, especially in the setting of a rela-
tively short PR interval. The presence of ventricular fusion should be ruled
out by observing the paced QRS morphology during progressive shortening
of the AS–VP interval in the VDD mode or the AP-VP interval in the DDD
mode, if necessary. The AS–VP interval should be then programmed (with
rate-adaptive function) to ensure pure biventricular pacing under circum-
stances that might shorten the PR interval such as increased circulating cate-
cholamines.

Upper Rate Response of Biventricular Pacemakers

The upper rate response of biventricular pacemakers differs from those of
conventional antibradycardia pacemakers because many patients with con-
gestive heart failure (CHF) have normal sinus node function and AV conduc-
tion. In this situation, the upper rate response can assume one of two forms
according to the location of the P wave in the pacemaker cycle: (1) Atrial-
sensed upper rate response or a pre-empted Wenckebach upper rate response
with AS–VS sequences (AS = atrial sensed event, VS = ventricular sensed
event) and the P wave falling beyond the postventricular atrial refractory
period (PVARP). (2) Atrial-refractory upper rate response (AR–VS)
sequences (AR = atrial event detected in the PVARP) with the P wave
‘unsensed’ (not tracked) within the PVARP (Table 1) [2].
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Wenckebach block Atrial refractory block
VS–VS interval < URI < URI and < TARP

P wave sensing All P waves are sensed beyond
the PVARP

All P waves are unsensed (not
tracked) in the PVARP where
they cannot initiate a
programmed AV delay.

PR interval AS–VS > programmed AS–VP AR–VS > programmed AS–VP
Ventricular
pacing during
established
response

No No

Entry 1. Gradual prolongation of AV
delay (AS–VP) to the duration
of the spontaneous PR interval
(AS–VS).

1. Occurs when URI = TARP
(W = 0) without intervening
Wenckebach block.
2. Occurs following

Table 1. Comparison of the two types of upper rate response of biventricular pacemak-
ers in patients with normal sinus node and AV conduction (from [2])

continue ➝



Pre-empted Wenckebach Upper Rate Response

In patients with normal or near normal sinus node function and AV conduc-
tion and a pacemaker with a relatively short PVARP, the Wenckebach upper
rate response takes the form of a repetitive pre-empted process which con-
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P–P interval Interval between two sinus P waves, AS atrial sensed event, AP atrial paced
event, AR atrial event sensed in the atrial refractory period, VS ventricular sensed event,
VP ventricular paced event, PVARP postventricular atrial refractory period, PVAB
postventricular atrial blanking period, TARP total atrial refractory period. URI upper
rate interval, W Wenckebach interval (URI–TARP, which is the maximal extension of the
AV delay during a Wenckebach upper rate response (maximal AV delay programmed
AV delay + W)

2. During the above,
ventricular pacing contributes
progressively less to
ventricular fusion with the
spontaneous QRS complex
until ventricular pacing is
inhibited by VS–VS
sequences < URI.

Wenckebach block when the
P–P interval < TARP. Will not
occur if TARP is short (W
long). 

zone of

 

refractory

 

block

Progression
with increase
in atrial rate

1. No change will occur if W
interval is long. AS–VS
sequences continue and

will not be reached.
2. Wenckebach sequence may
change into refractory block if
W interval is short and atrial
rate > TARP or P–P
interval < TARP.

Remains unchanged but if the
PR is long, AR may eventually
move into the PVAB
whereupon no AR marker will
be registered.

Markers AS–VS, AS–VS, AS–VS
All P waves are followed by a
spontaneous (conducted) QRS
complex

AR–VS, AR–VS, AR–VS
All P waves are followed by a
spontaneous (conducted) QRS
complex

Exit During exit at the URI,
ventricular pacing occurs with
progressively more
contribution to fusion with the
spontaneous QRS complex
until pure ventricular pacing
supervenes. AS–VP sequences
occur just below the
programmed upper rate.

AS–VP sequences do not
return when the P–P interval
drops just below the
programmed TARP
[(AS–VP) + PVARP]. AS–VP
sequences return when the P–P
interval drops below the longer
prevailing TARP
[(AR–VP) + PVARP] because
AR–VS > AS–VP.

Transient
ventricular
pacing

Briefly during entry and briefly
during exit from established
sequence

No

       

Table 1 continue 



sists of an attempted Wenckebach upper rate response with each cycle, asso-
ciated with continual partial or incomplete extension of the programmed AV
interval initiated by atrial sensing [1, 7]. The conducted spontaneous QRS
complex occurs continually before completion of the upper rate interval. It is
therefore sensed by the pacemaker, and pre-empts ventricular pacing (Fig.
1). In other words, the pacemaker cannot time out the upper rate interval
and thus cannot emit a ventricular stimulus at its completion. This form of
upper rate response tends to occur in patients with relatively normal AV con-
duction, a short programmed AV delay, a short PVARP (and short total atrial
refractory period, TARP), but a relatively slow programmed (atrial-driven)
upper rate. The occurrence of a pre-empted Wenckebach response in CHF
patients may be puzzling because there are no pacemaker stimuli.
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Fig. 1a, b. Stored markers from a Medtronic InSync II Marquis biventricular ICD show-
ing the development of a pre-empted Wenckebach upper rate response during biven-
tricular pacing. Upper rate interval (URI) = 460 ms. A There is 1:1 atrial tracking and
biventricular (BV) pacing with the programmed AS–VP delay. B When the sponta-
neous ventricular rate exceeds the programmed upper rate (VS–VS < URI), a pre-
empted Wenckebach upper rate response supervenes. AS conducts to VS so that
AS–VS becomes longer than the programmed AS–VP interval. Note that the sinus P
wave is sensed beyond the PVARP and that there is absence of pacemaker stimuli or
pauses typical of a traditional Wenckebach upper rate response. AS Atrial sensed
event, VS ventricular sensed event, PVARP postventricular atrial refractory period.
The displayed interval durations by the programmer are approximate. (Reproduced
with permission from [2])

a

b



Upper Rate Limitation with P Wave in the PVARP: Atrial Refractory Block

In a conventional antibradycardia pacemaker, a so-called fixed-ratio upper
rate response follows a traditional Wenckebach upper rate response when the
sinus or P–P interval ≤ TARP < upper rate interval or URI (or when P–P interval
≤ URI = TARP), and often takes the form of 2:1 block where every alternate P
wave is unsensed in the PVARP. When P–P interval < TARP during biventric-
ular pacing (in the setting of relatively normal sinus node function and AV con-
duction), a 2:1 block response does not occur in CHF patients because every
spontaneous P wave falls in the PVARP (depicted as a AR marker) where they
cannot be tracked. The conducted QRS complex (VS) linked to the P wave (AR,
in the PVARP) generates a PVARP into which the next P wave will fall thereby
ensuring the perpetuation of functional atrial undersensing [1, 2] (Fig. 2).
Thus, no P wave can be tracked (Table 1). In this situation, the AV delay or AR-
VS > programmed AS–VP. This upper rate response is probably best called a
1:1 atrial refractory upper rate response, or simply refractory a block because
all the P waves are locked in the PVARP. There are no pauses and no pacemaker
stimuli as in the pre-empted Wenckebach upper rate response.

Exit from Upper Rate Response and Onset of P Wave Tracking

When the upper rate response pushes the P wave into the PVARP, a device
may not resume 1:1 atrial tracking when the sinus rate drops immediately
below the programmed upper rate [1–3]. The P wave can remain in the

536 S.S. Barold et al.

Fig. 2. Upper rate response in stored markers recorded from a Medtronic InSync II
Marquis biventricular ICD. There is a typical Wenckebach upper rate response (with
progressive prolongation of the AS–VP interval) which terminates with a sequence of
atrial refractory block consisting of AR–VS combinations where the sinus P wave is in
the PVARP and  is not being tracked. The P wave conducts to the ventricle. Note the
absence of pacemaker stimuli or pauses typical of traditional Wenckebach, and ‘fixed-
ratio’ upper rate responses. (Reproduced with permission from [2])



PVARP even when the P–P interval > programmed TARP (or the atrial rate
drops below the upper rate dictated by the TARP which is the sum of the
programmed AS-VP + PVARP). The reason lies in the fact that AR-VS
(spontaneous AV conduction) > programmed AS–VP interval (Fig. 3).
Therefore, the TARP during AR–VS operation, (AR–VS) interval + PVARP
must be longer than the programmed TARP, which is the sum of (AS–VP)
interval + PVARP. The pacemaker will continue to operate with AR–VS
cycles below the upper rate (dictated by the programmed TARP) until the
P–P or sinus interval > the sum of (AR–VS) interval + PVARP, thereby
allowing escape of the sinus P wave out of the PVARP (Fig. 3). Thus, restora-
tion of resynchronisation will occur at a rate slower than the programmed
upper rate (dictated by the TARP). These considerations are important in
CHF patients, who may occasionally develop substantial increases in sinus
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Fig. 3. Upper rate response with the P wave falling within the postventricular atrial re-
fractory period (PVARP) in the setting of normal AV conduction. Ventricular resyn-
chronisation  occurs with AS–VP sequences (as programmed) when the sinus rate is be-
low the maximum tracking rate (MTR). When the atrial rate exceeds the MTR at point
1, the P wave falls within the PVARP (sensed in the atrial refractory period and depict-
ed by the AR marker) and ventricular resynchronisation is lost. The spontaneous
rhythm takes over with AR–VS sequences and AR conducting to the ventricle (depict-
ed by VS). When the sinus rate falls below the MTR at point 2, ventricular resynchroni-
sation does not occur  because the timing cycles of the device force the continuation of
AR–VS sequences. Failure of ventricular resynchronisation at this stage results from the
longer prevailing total atrial refractory period (TARP) which is equal to [(AR–VS) +
PVARP] which is longer than the programmed TARP = [(AS–VP) + PVARP] simply be-
cause AR–VS >AS–VP. Ventricular resynchronisation with AS–VP sequences is restored
at point 3 when the sinus or atrial interval (P–P) > [(AR–VS) + PVARP], at a sinus rate
substantially lower than the MTR. AS atrial sensed event, VS ventricular sensed event,
VP biventricular paced event, AR atrial event sensed in the atrial refractory period of
the pacemaker where tracking cannot occur. (Reproduced  with permission from [1])



rates despite beta-blocker therapy. The postponed restoration of atrial track-
ing upon emergence from the upper rate is worse in patients with first-gen-
eration devices because of double counting where 1:1 atrial tracking (AS–VP
pacing) will return only when the sinus interval becomes longer than the
[AR–VS] interval + PVARP + ICD (ICD = interventricular conduction
delay or the interval between the RV and LV electrograms both sensed by the
common sensing channel of these devices) [3, 5, 8].

Programming the Upper Rate

Inappropriately low upper rates in patients with normal sinus and AV nodal
function is an important cause of ventricular desynchronisation that can de-
ny patients the benefit of resynchronisation at high atrial rates, which are not
uncommon in this patient population during exercise or situations associated
with increased circulating catecholamines (especially during decompensation
despite beta-blocker therapy). Relatively low upper rates must be avoided even
in patients with symptomatic angina because loss of resynchronisation can it-
self precipitate cardiac ischaemia by increasing MV02. Loss of ventricular re-
synchronisation at high sinus rates can be reduced or prevented by program-
ming a relatively high pacemaker upper rate because the risk of tracking rapid
atrial rates by the implanted device (as with antibradycardia pacemakers) is not
an important issue in the presence of normal AV conduction. However, the pro-
grammable values of the upper rate may be restricted in biventricular ICDs by
the programmed maximum ventricular tachycardia interval to be detected.

Programming a fast upper rate may be difficult in some patients with ret-
rograde ventriculoatrial conduction where more ‘squeezing’ of the AV delay
to shorten the TARP may cause unfavourable haemodynamics. Alternatively,
the maximum spontaneous rate could be attenuated by larger doses of beta-
blockers (often better tolerated with device therapy [9]) or other drugs that
depress sinus node function. In difficult or refractory cases, ablation of the
AV junction should be considered to ensure continual ventricular depolari-
sation by the implanted device.

Loss of Resynchronisation Below the Programmed Upper Rate: Locking of P Waves in

the PVARP

AR–VS, AR–VS sequences containing locked P waves within the PVARP can
also occur outside of situations where a fast atrial rate (> the programmed
upper rate) gradually drops below the upper rate [1–3]. There are many caus-
es of desynchronisation that occur at rates slower than the upper rate (Table
2). For example, during sinus rhythm and synchronised biventricular pacing
(below the upper rate), a ventricular premature complex (or T wave over-
sensing which produces the same effect) (Figs. 4, 5), by initiating a regular
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PVARP, shifts pacemaker timing so that the succeeding undisturbed sinus P
wave now falls in the PVARP. This P wave within the PVARP conducts to the
ventricle, producing a spontaneous QRS complex sensed by the device. The
sinus P waves will remain trapped in the PVARP as long as the P–P interval
< [(AR–VS) + PVARP]. These forms of ventricular desynchronisation may
be symptomatic, not uncommon, and can be precipitated by a variety of
mechanisms (Table 2) [2]. The development of ventricular desynchronisa-
tion is favoured by a relatively fast sinus rate (but below the programmed
upper rate), first-degree AV block, and a relatively long PVARP (Figs. 4, 5).
‘Locking’ of the P wave can often be prevented (barring reprogramming the
device to eliminate the initiating mechanism, e.g. T wave oversensing) with a
shorter PVARP and slowing the sinus rate with drugs. Persistent desynchro-
nisation with ‘locked’ P waves is amenable to automatic disruption by special
algorithms based on temporary PVARP abbreviation (Fig. 6). Refractory con-
ditions (usually associated with marked first-degree AV block) can be treat-
ed by AV junctional ablation.
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Table 2. Loss of cardiac resynchronisation during DDD or DDDR pacing in the pres-
ence of preserved RV and  LV pacing

Intrinsic 1. Atrial undersensing from low amplitude atrial potentials
2. T wave oversensing and other types of ventricular oversensing such as
diaphragmatic potentials
3. Long PR interval
4. Circumstances that push the P wave into the PVARP such as a junctional
rhythm
5. New arrhythmia such as atrial fibrillation with a fast ventricular rate
6. Short runs of unsustained, often relatively slow, ventricular tachycardia
7. First-generation devices with a common sensing channel: ventricular
double counting and sensing of far-field atrial activity

Extrinsic 1. Inappropriate programming of the AV delay or any function that pro-
longs the AV delay such as rate smoothing, AV search hysteresis, etc
2. Low maximum tracking rate
3. Slowing of the atrial rate upon exit from upper rate behavior
4. Functional atrial undersensing below the programmed upper rate 
A. precipitated by an atrial premature beat or  ventricular premature beat.
B. Long PVARP including post VPC automatic PVARP extension and single
beat PVARP extension related to algorithms for automatic termination of
endless loop tachycardia
5. Inappropriately slow programmed lower rate permitting junctional
escape (cycle length < lower rate interval) in patients with periodic sinus
arrest)
6. Intraatrial conduction delay where sensing of AS is delayed in the right
atrial appendage. A short AS–VP interval may not be able to achieve
biventricular pacing



Automatic Unlocking of P Waves From the PVARP. Algorithms to Restore Atrial

Tracking

Special algorithms (which must be programmed) based on beat-to-beat
PVARP shortening upon sensing a P wave in the PVARP are now available in
the latest devices. This function promotes 1:1 atrial tracking whenever the
‘effective TARP’ [(AR–VS) + PVARP] prevents atrial tracking at rates below
the programmed upper rate [10]. A device can detect AR–VS, AR–VS
sequences suggestive of ventricular desynchronisation whereupon tempo-
rary PVARP abbreviation permits the device to sense the sinus P wave
beyond the PVARP and restore atrial tracking and ventricular resynchroni-
sation (Figs. 6, 7). In other words, the algorithm shortens the prevailing
effective TARP. A P wave falling in the postventricular atrial blanking period
(for pacing) cannot activate the special algorithm.
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Fig. 4. Ventricular desynchronisation induced by T wave oversensing (VS, arrow) in a
patient with marked first-degree AV block, left bundle-branch block and a Medtronic
InSync II Marquis biventricular ICD. Lead II ECG is on top, markers in the middle,
and the ventricular electrogram from the right ventricular apex at the bottom. The
sinus rhythm remains undisturbed. VS (related to T wave oversensing) initiates a new
PVARP into which the succeeding P wave is detected as AR (in the atrial refractory
period) but not tracked. AR conducts to the ventricle as VS with a long PR interval
thereby perpetuating the desynchronisation process with the sinus P waves (locked in
the PVARP) continually conducting to the ventricle. (Reproduced with permission
from [2])



Ventricular Triggered Mode

The ventricular triggered mode in some resynchronisation devices automati-
cally attempts to provide resynchronisation in the presence of ventricular
sensing. A ventricular sensed event initiates an immediate emission of a ven-
tricular or usually a biventricular output (according to the programmed set-
tings) in conformity with the programmed upper rate interval. For example,
Medtronic devices offer this function in the VVIR mode, but in dual cham-
ber devices triggering occurs upon sensing only in the programmed AV
delay. The ventricular output will be ineffectual in the chamber where sens-
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Fig. 5. Stored electrograms showing ventricular desynchronisation induced by T wave
oversensing of a biventricular paced beat in a patient with a Medtronic InSync II
Marquis biventricular ICD. A magnified portion at the bottom shows initiation of
desynchronisation in greater detail. Note that the sinus rate is relatively fast (P–P
interval = 610–630 ms, which is below the upper rate). The sequence starts with T
wave oversensing of a paced beat (first arrow on to FS) which then initiates ventricu-
lar desynchronisation  causing locking of the  P wave in the PVARP (AR) which  per-
mits the emergence of the conducted spontaneous QRS complex. T wave oversensing
also follows the spontaneous QRS complex. The device interpreted continual detec-
tion of both spontaneous QRS and T wave as ventricular fibrillation and subsequently
delivered an inappropriate shock. T wave sensing of paced and spontaneous beats was
subsequently reproduced at the time of follow-up. AS Atrial sensed event, AR atrial
event detected in the atrial refractory period, BV biventricular pacing event, AEGM
atrial electrogram, VEGM ventricular electrogram, TS tachycardia sense, FS ventricu-
lar fibrillation sense



ing was initiated because the myocardium is physiologically refractory. The
stimulus to the other ventricle thus attempts to provide a measure of resyn-
chronisation. Ventricular triggering may be helpful in some patients but its
true benefit is difficult to assess as the ventricles may be activated in an
order that may not be haemodynamically favourable.

Atrial Fibrillation

In atrial fibrillation, the ventricular triggered mode may provide some
degree of ventricular resynchronisation. Alternatively, some devices have
programmable algorithms that increase the percentage of ventricular pacing
and promote rate regularisation (without an overall increase in the ventricu-
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Fig. 6. Atrial tracking recovery algorithm (Medtronic) during biventricular pacing.
Abbreviation of the PVARP promotes recovery of atrial tracking, and resynchronisa-
tion. The algorithm recognises VS–AR sequences only when the VS–VS interval is
longer than the programmed upper rate interval. Atrial events must occur during the
PVARP. After eight AR–VS cycles, the device intervenes by shortening the PVARP. The
sinus P wave now resides outside the PVARP and is sensed and tracked as AS. This
restores resynchronisation with AS–VP sequences. If the attempt fails, the process
continues until AS–VP intervals are restored at their programmed value. 1 Atrial
events in PVARP, 2 after  8 cycles the PVARP is shortened, 3 proper AS–VP sequences
are restored at the programmed value



lar rate) by dynamic matching with the patient’s own ventricular responses
(up to the programmed maximum tracking rate). Activation of this algo-
rithm or relying on the triggered response for resynchronisation does not
result in control of the ventricular rate, and should not be a substitute for
ablation of the AV junction in patients with drug-refractory rapid ventricu-
lar rates.

Cardiac resynchronisation by virtue of reverse remodelling may promote
the return of sinus rhythm in some patients, but no firm data are yet avail-
able [11]. Furthermore, patients with permanent atrial fibrillation may have
a greater likelihood of staying in sinus rhythm after cardioversion when it is
performed after several months of device therapy and aggressive antiar-
rhythmic therapy [12]. This raises the question as to whether an atrial lead
should be implanted during the initial procedure (with or without intraoper-
ative cardioversion) in patients with permanent atrial fibrillation in whom
cardioversion might be contemplated in the future.

Intra- and Interatrial Conduction Delay

Some patients have intraatrial conduction delay so that the atrial channel
senses the atrial electrogram from the atrial appendage late and during the
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Fig. 7. Same patient and format as in Fig 4. On the left, the pattern of ventricular
desynchronisation (AR–VS sequences) is identical to that in Fig 4. The ICD restores
ventricular resynchronisation with an algorithm (see Fig. 6) that detects a specific
number of AR–VS sequences (interpreted by the device as loss of resynchronisation)
and then temporarily abbreviates the PVARP (arrow). The shorter PVARP permits P
wave tracking and restores resynchronisation (AS–VP sequences at the programmed
value) on the right of the recording. (Reproduced with permission from [2])



isoelectric portion of the PR interval [13]. The AS–VS interval (as seen by
the pacemaker) during spontaneous AV conduction becomes quite short and
can measure only 50–60 ms. Such patients may not tolerate an AS–VP inter-
val of 40 ms or less to produce biventricular pacing, which in all likelihood
might be associated with some degree of fusion with the spontaneous con-
ducted QRS complex. This situation calls for one of two options: (1) using
the ventricular triggered mode upon sensing the QRS complex after the
sensed P wave – a trial of the triggered mode might produce the desired clin-
ical improvement; (2) ablation of the AV junction with subsequent optimisa-
tion of the AV delay.

Conclusions

The physician must ensure that biventricular pacing takes place 100% of the
time. The percentage of biventricular pacing and ventricular sensing must be
carefully checked in the stored memorised data retrieved from the device.
Devices must be programmed carefully to prevent desynchronisation (Table 3).
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Table 3. Optimal programming of cardiac resynchronisation devices (modified from [1])

Parameters Management

AV delay 1. A long AV delay should not be used.
2. Optimise the AS–VP delay and avoid ventricular fusion with the
spontaneous conducted QRS complex
3. Program rate-adaptive (dynamic) AV delay off during temporary
pacing for testing (with VDD mode slower than  sinus rate to sense
atrial activity)
4. Program rate-adaptive AV delay for long-term pacing

Atrial sensing 1. Short PVARP (aim for 250 ms); may have to use algorithms for 
and PVARP the automatic termination of endless loop tachycardia

2. Program off the post-VPC PVARP extension and the pacemaker-
mediated tachycardia termination algorithm based on one cycle of
PVARP extension
3. Automatic mode switching off in devices using a relatively long
PVARP mandated by the mode switching algorithm

Upper rate Relatively fast upper rate so the patient does not have ‘break-
through’ ventricular sensing within their exercise zone. Initial
upper rate of 140/min is often appropriate in the absence of
myocardial ischaemia during pacing at this rate

AV conduction 1. Use drugs that impair AV conduction to avoid ventricular fusion
or double counting in devices with a common sensing channel
2. Consider ablation of the AV junction in patients with a long PR
interval or intraatrial conduction delay difficult to manage as well
as refractory double counting (common sensing channel)



Troubleshooting loss of resynchronisation may be difficult and requires a
thorough knowledge of biventricular pacemaker function, timing cycles, and
complex algorithms. Partial (as in fusion beats), intermittent, or complete
desynchronisation should always be ruled out in patients presenting with
decompensated CHF, bearing in mind that the optimal or effective AV delay
and other indices may change with time [14].
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CARDIAC PACING:
TECHNICAL AND CLINICAL ASPECTS 



Right Ventricular Pacing: Is It Really That Bad?

A. CURNIS1, G. SGARITO2, G. MASCIOLI1, L. BONTEMPI1, T. BORD ONALI1,
G. CIARAMITARO2, E. DE MARIA1, S. NOVO2, L. DEI CAS1

Introduction

The era of the pacemaker began with the work of the Swedish surgeon
Senning in 1958. Subsequently, endocardial right ventricular apex (RVA)
became the most extensively used site for cardiac pacing because it was easi-
ly accessible, even by infrequent implanters, and, with its short fluoroscopy
time and few peri/post-operative complications, provided stable and reliable
chronic pacing parameters.

However, animal data and recent findings in humans have led to ques-
tions regarding the safety of pacing the heart from the RVA. In fact, even
though this kind of stimulation was effective, it was suboptimal from a phys-
iologic point of view. Many studies now support the conclusion that RVA
pacing contributes to left ventricular dysfunction in patients with normal
cardiac function and in those whose cardiac function is impaired.. Moreover,
impairment of the normal heart in patients undergoing RVA pacing seems to
be only a matter of time.

Although RVA pacing maintains heart rate and atrioventricular syn-
chrony (providing that a dual-chamber device is implanted), it is associated
with increased morbidity and mortality when compared with patients with
normal atrioventricular conduction. The result is an increase in end-systolic
volume and wall stress, energetic inefficiency, and reduced systolic and dias-
tolic function and cardiac output; this may also lead to asymmetric septal
hypertrophy, myofibrillar disarray, increased myocardial catecholamine con-
centration, and perfusion and metabolic abnormalities.

1 Divisione e Cattedra di Cardiologia, Facoltà di Medicina e Spedali Civili di Brescia;
2 Divisione e Cattedra di Cardiologia, Facoltà di Medicina, Policlinico ‘Paolo Giaccone’,
Palermo, Italy



Effects of Right Ventricular Apical Pacing

About 80 years ago, Wiggers pointed out that RVA pacing in animals caused
a prolonged initial rise of intraventricular pressure and an increase of the
isometric contraction phase, resulting in a prolonged ventricular systole.
Other studies in animal models observed that RVA stimulation is responsible
for anomalous contraction patterns, leading to a negative inotropic effect
because of a detrimental consequence on maximal oxygen consumption.

The potential deleterious effects of RVA pacing in humans have been late-
ly highlighted in several reports in which an increased incidence of sympto-
matic congestive heart failure was found in patients paced at the RVA.

Recently, Nielsen et al. published the first randomised trial that compared
the echocardiographic changes in left atrium (LA) size and left ventricular
(LV) size and function (primary end-point) during rate-adaptive AAI and
DDD in patients with sick sinus syndrome (SSS) and relatively normal atri-
oventricular (AV) conduction [1]. In their study, 177 consecutive patients
were randomised to treatment with one of three rate-adaptive pacemakers:
AAIR, DDDR with a short atrioventricular delay (110–150 ms) (DDDR-s), or
DDDR with a fixed long atrioventricular delay (≥ 250 ms) (DDDR-l).

During a mean follow-up of 3 R pacing caused increased LA diameter,
and DDDR-s also caused decreased LVFS. These results clearly demonstrate
how a high proportion of RV pacing (90% in DDDR-s arm vs 17% in DDDR-l
arm) may provoke a decrease in LV function. Atrial fibrillation was also
more common in the DDDR group, indicating that ventricular desynchroni-
sation promotes atrial fibrillation, probably through LA dilation. These data
underline, as demonstrated elsewhere, that what is achieved via improved
rate-responsive and atrioventricular synchrony is countered by the more fre-
quent delivery of single-site ventricular stimulation [2, 3].

Harmful consequences of RVA pacing were also evident in the DAVID
trial that provided important insight into negative effect of RVA pacing on
LV performance behind some of the current thinking [4].

In this randomised clinical trial, the efficacy of dual-chamber rate-
responsive pacing at 70/min (DDDR-70) was compared with back-up ven-
tricular pacing at 40/min (VVI-40) in patients with standard indication for
ICD implantation but without indication for antibrady pacing. All enrolled
patients (506) had an ejection fraction ≤ 40% and were on optimal medical
therapy for LV dysfunction. At the end of the study, there was a strong trend
toward higher mortality and hospitalisation for new or worsened congestive
heart failure in the DDDR-70 arm. In this group, the AV delay was not opti-
mised in order to preserve intrinsic AV contraction, so nearly 60% of all ven-
tricular beats were paced compared with 1% in the VVI-40 group.

The results of the DAVID trial were consistent with those of the recent
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MOST study, which demonstrated an association between the percentage of
RVA pacing (while maintaining AV synchrony) and heart failure and atrial
fibrillation in patients affected with sick sinus syndrome and non-enlarged
QRS [5, 6].

In the Multicenter Automatic Defibrillator Implantation II trial (MADIT
II), the incidence of new or worsened heart failure was 14.9% in the control
group vs 19.9% in those implanted with a device (P = 0.09) [7].

In retrospective, post-hoc analysis of the MADIT-II database, approxi-
mately 40% of the ICD-treated patients had dual-chamber devices (mostly
set at DDD 60–70 beats/min) and 60% had single-chamber ones (mostly set
at VVI 60 beats/min). Patients with dual-chamber ICD paced the ventricle
about 85% of the time, whereas those with single-chamber units paced the
ventricle only 15% of the time. The slightly increased occurrence of heart
failure was clearly associated with dual-chamber ICD units having a higher
frequency of ventricular pacing.

Pathophysiology of Right Ventricular Pacing

After RV pacing, in the early stimulated territory, there is initial shortening
at low chamber stress (small pressure load) because this motion is principal-
ly converted to pre-stretch of the opposite region, i.e. the still-inactive mus-
cle. As systole progresses, the late-activated region must develop higher load,
re-lengthening the early-activated muscle. The net result of this mechanism
is a decline in ejection and depression of systolic chamber function.
Furthermore, higher end-systolic volumes cause a right shift of the pres-
sure–volume loop, with reduced width (stroke volume) and area, and of the
end-systolic pressure/volume relation [8]. This phenomenon was first
demonstrated in animals in 1985 by Park et al. [9] and, subsequently, by Pak
et al. [10] in a study on humans.

There are also important regional and global metabolic/energetic conse-
quences that arise from dyssynchrony; in fact, the prematurely activated
myocardium develops less overall work, consuming less energy, while the
late-activated free wall operates under a higher load, with larger metabolic
demand, with the net consequence of a compromise of systolic function and
reduced energetic efficiency.

Recently, Prinzen et al. [11] used magnetic resonance tagging methods to
asses circumferential strain, regional external work, and regional total work
in normal canine hearts under sinus rhythm and RV apex vs LV basal pre-
excitation. Reciprocal increases and decreases in strain and work were
observed, with reduced values in the early-activated myocardium and higher
values in the late-activated regions.
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Moreover, van Oosterhout et al. demonstrated that dyssynchronous con-
traction due to RVA pacing generated myocardial hypertrophy in the territo-
ry remote to the pacing site. Regional dyssynchrony also rapidly generated
regional blood-flow gradients, with higher flow in the late-activated higher-
stress region; later, however, the flow became more homogeneous, with the
development of hypertrophy and adaptive changes [12]. Inhomogeneous
contraction is also a mechanism for delaying muscle relaxation and likely
contributes to diastolic dysfunction. Furthermore, papillary muscle discoor-
dination following the altered ventricular activation sequence leads to mitral
valve dysfunction with mitral regurgitation [13–15].

These functional abnormalities of ventricular pacing appear to have
potentially deleterious effects over time, leading to ventricular remodelling.
Experimental studies have demonstrated that long-term RV apical pacing
induces anomalous histologic changes (myofibrillar disarray) and molecular
abnormalities not observed in ‘normal’ heart failure, such as marked reduc-
tion in protein expression for gap junction connexin, excitation–contraction
coupling proteins, and increased stress kinase expression/activation in the
late-activated lateral endocardium [16–18].

Selective Site Pacing

Current data indicating that even patients with underlying ventricular dys-
function but minimal symptoms can be adversely affected by discoordinated
ventricular activity due to RVA pacing have led electrophysiologists to focus
on an alternative pacing site, especially in sites close to the native conduc-
tion system (such as the RV outflow tract and His bundle).

There is a great deal of interest in RV septal pacing despite some very
confusing results. In 16 patients with chronic atrial tachyarrythmia and
complete AV-block, Victor et al. evaluated the long-term functional and
haemodynamic effects of right ventricular outflow tract (RVOT) vs RVA pac-
ing. After 3 months of RVOT pacing, no symptomatic improvement or
haemodynamic benefit was observed, also in those patients with an ejection
fraction < 40% [19].

Similar results were obtained in the Right Ventricular Outflow Versus
Apical Pacing (ROVA) trial, which enrolled patients with chronic AF, heart
failure, and LV systolic dysfunction. There was no consistent incremental
benefit associated with long-term RV outflow tract or dual-site RV pacing
either in patients following AV nodal ablation or in those receiving pharma-
cologic heart rate control [20].

Opposite results were obtained by others authors. De Cock et al. com-
pared nine studies (217 patients) with regarding the haemodynamic effect of
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RVOT pacing. The data from this meta-analysis suggested that RVOT pacing
may offer a modest but significant benefit over RVA [21].

As for His bundle pacing, only studies with a small number of patients
have been published. Desmuckh demonstrated the feasibility and safety of
this approach in a group of 14 patients with chronic heart failure and chron-
ic AF who were candidates for the ablate-and-pace strategy. Direct His bun-
dle pacing led to a decrease in left ventricular end-diastolic diameter
(LVEDD) and left ventricular end-sistolic diameter (LVESD) and in New York
Heart Association (NYHA) class and to an increase in LV ejection fraction
[22]. Perhaps the major problem, accounting for the inconsistent findings, is
that these trials have not used the same pacing site.

Conclusions

As discussed above, the more frequently the RV apex is paced, the more like-
ly cardiac performance will be compromised. This explains why, although
maintenance of AV synchrony afforded by conventional DDDR is intuitively
superior to VVIR, this has been surprisingly difficult to prove. Large ran-
domised clinical trials have reached a consensus that there is no survival
benefit in patients conventionally DDDR paced; furthermore, DDDR pacing
may be associated with an increased risk of death among ICD patients.

These trials have highlighted the importance of developing sophisticated
pacemakers and ICDs capable of minimising, in patients without AV block,
RV pacing, thus preserving normal ventricular activation while providing
physiologic pacing support.

A reliable alternative to RV pacing may well be biventricular pacing,
which seems to be a valid option to preserve LV function in patients who
present with LV dysfunction and heart failure symptoms. In addition, there
is the option to use CRT for ‘primary prevention’ in selected patients who
require ventricular pacing for electrical reasons.
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The Importance of Minimising Right Ventricular Pacing in

Patients with Sick Sinus Syndrome: Why and How?

A.B. CURTIS, S.S. BAROLD, B. HERWEG

Introduction

It is now generally accepted that the avoidance of left ventricular (LV) dyssyn-
chrony explains the remarkable long-term haemodynamic benefit of AAI com-
pared with VVI pacing in patients with sick sinus syndrome. This finding was
documented in two Danish studies carried out in 1997 and 1998 [1, 2].
Compared to the AAI group (with normal LV depolarisation), the VVI group
(with LV dyssynchrony) exhibited a higher incidence of congestive heart fail-
ure (CHF), a significant reduction in LV fractional shortening, a larger left atri-
al (LA) diameter, and a higher cardiovascular mortality. A number of more
recent studies (reviewed in this chapter) have now firmly established that long-
term right ventricular (RV) pacing (mostly apical) can cause LV dysfunction
and CHF on the basis of mechanical LV dyssynchrony [3–13]. Consequently,
minimising potentially harmful RV pacing has become an important goal in
treating patients with sick sinus syndrome, since they generally have less
cumulative need for pacing over time than patients with AV block.

The Dual-Chamber and VVI Implantable Defibrillator (DAVID) Trial

The DAVID trial compared the clinical effectiveness of dual-chamber
implantable cardioverter defibrillators (ICDs) programmed to the DDDR
pacing mode at 70 ppm vs the VVI mode at 40 ppm in patients with LV ejec-
tion fraction (LVEF) ≤ 40% [4, 5]. The atrioventricular (AV) delay was pro-
grammed according to the clinical judgment of the investigators and was
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commonly set at 180 ms, thereby favouring ventricular pacing in the majori-
ty of patients. The patients had no indication for antibradycardia pacing and
no persistent atrial arrhythmias. Twelve percent of the patients were in
NYHA classes III and IV. One-year survival free of the primary combined
endpoint of hospitalisation for CHF or death was lower in patients paced in
the dual-chamber mode (73.3%) than in patients randomised to ventricular
backup pacing (83.9%) (hazard ratio 1.61, 95% confidence intervals
1.06–2.44). Ventricular backup pacing produced up to 3.5% ventricular and
no atrial pacing, while dual-chamber pacing (DDDR-70) produced approxi-
mately 60% atrial- and ventricular-paced heart beats. The poor outcome in
the dual-chamber paced group correlated with the percentage of ventricular
pacing and suggested that RV pacing caused LV dyssynchrony. The DAVID
study concluded that unnecessary RV apical pacing delivered as part of the
DDDR arm produced LV ventricular desynchronisation with impaired LV
haemodynamic performance that was ultimately harmful. The depression of
LV function by RV apical pacing (mean LVEF = 27% in the DAVID trial)
may be more important in ICD patients that start with poor LV function and
a common prior history of CHF.

The Mode Selection Trial (MOST)

MOST was a randomised trial of DDDR vs VVIR pacing in 2010 patients
with sick sinus syndrome who were followed for 6 years. The study demon-
strated an association between the percentage of RV pacing in the DDDR
mode (with maintenance of AV synchrony) and CHF in patients with sick
sinus syndrome and QRS < 120 ms [6]. The harmful consequences of RV
pacing in MOST appeared related to nonphysiologic LV contraction. A
cumulative percent of ventricular pacing index (Cum%VP) < 10% was asso-
ciated with lower rates of CHF-related hospitalisations, while an index >
90% was associated with higher rates.

For DDDR pacing, the risk of CHF hospitalisation increased linearly until
the Cum%VP reached 40% and then it was level from 40 to 100%. A related
analysis showed that ventricular pacing > 40% in the DDDR mode was asso-
ciated with a 2.6-fold increased risk of hospitalisation due to heart failure
compared with pacing < 40% of the time. For VVIR pacing, the risk of CHF
hospitalisation was level from 0 to 80% and increased with increased
Cum%VP from 80 to 100%. In a related analysis, ventricular pacing > 80% of
the time in the VVIR mode was associated with a 2.5-fold increased risk of
CHF-related hospitalisation compared with pacing < 80% of the time.

The MOST study also found a correlation between the Cum%VP index
and the development of atrial fibrillation presumably induced by LV dys-

558 A.B. Curtis et al.



function. The incidence of atrial fibrillation increased linearly in the DDDR
and VVIR modes up to a Cum%VP of 80–85%. The risk of atrial fibrillation
in the DDDR group was increased by 1% for each 1% increase in Cum%VP
up to 85%. In the VVIR group the risk was increased by 0.7% for each 1%
increase in Cum%VP up to 80%.

Multicenter Automatic Defibrillator Trial II (MADIT II)

A subanalysis by Steinberg et al. [7, 8] of the MADIT II data involving 567
ICD patients (54% with a single-chamber device and 46% with a dual-cham-
ber device programmed with an AV delay of 190 ± 43 ms) indicated that
the harmful effects of RV pacing were correlated with the percentage of ven-
tricular pacing, confirming the findings of MOST [4]. Steinberg et al. divided
the MADIT II ICD patients into two groups since the vast majority of them
had Cum%VP under 10% or over 90% (bimodal distribution): (1) Cum%VP
≤ 50% group 1 (N = 369) consisted of patients with very little pacing (medi-
an Cum%VP = 0.2%), and (2) Cum%VP > 50% group 2 (N = 198) consisted
of patients being paced most of the time (Cum%VP = 95.6%). Group 2
patients (30%) had a significantly higher probability of new or worsened
CHF (CHF hospitalisation) at 2 years vs only 17% in group 1 (P < 0.001). A
similar pattern emerged with the combined endpoint of CHF hospitalisation
or death (P < 0.001). Group 2 patients were also more likely to undergo ICD
therapy for ventricular tachycardia/fibrillation (P < 0.005), raising the pos-
sibility that RV pacing is proarrhythmic. It is highly unlikely that the results
can be explained solely in terms of sicker patients requiring more pacing.

The Danish AAIR vs DDDR Trial

Andersen et al. [3] reported the results of the first randomised trial compar-
ing the AAIR and DDDR modes of pacing in 117 consecutive patients who
received a first pacemaker for sick sinus syndrome [1]. The patients were fol-
lowed for 2.9 ± 1.1 years and had normal AV conduction (according to pre-
viously used arbitrary criteria by these investigators), and no bundle-branch
block. The primary endpoints were changes from baseline to last follow-up
in LA size and LV function, as determined by M-mode echocardiography.
The patients were randomised to three arms: AAIR, DDDR-s (short rate-
adaptive AV delay, 110–150 ms), and DDDR-l (fixed long AV delay, ≥ 250 ms)
modes. The AV delay was not optimised because the study was designed to
evaluate the effect of cumulative RV pacing. The AAIR group exhibited no
significant change in LA and LV diameters and LV fractional shortening.
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However, the LA diameter increased significantly in both DDDR groups
(more marked in the DDDR-s group), while LV fractional shortening
decreased significantly in the DDDR-s group but not in the DDDR-l group.

The AAIR vs DDDR trial clearly documented the detrimental effects of
LV dyssynchrony produced by long-term nonphysiologic RV pacing in
patients with sick sinus syndrome [3]. The DDDR-s group with 90% RV pac-
ing developed LA dilatation and decreased LV fractional shortening, but the
DDDR-l group with 17% RV pacing developed LA dilatation but no change
in LV fractional shortening. Atrial fibrillation (diagnosed on the basis of a
12-lead ECG at planned follow-up visits) was more common in the DDDR
group, indicating that LV desynchronisation promotes atrial fibrillation,
probably by causing LA dilatation.

The results of the AAIR vs DDDR study are in accordance with the data
from the DAVID and MOST studies and the subanalysis of the MADIT II
study (in which sequential LV function was not evaluated) with hospitalisa-
tion for CHF as the endpoints [4, 5, 8].

The New Jersey Study of Pacemakers and Heart Failure (MIDAS 9)

This study enrolled a cohort of patients with no history of CHF who under-
went initial pacemaker implantation (n = 11,426). These patients were com-
pared with a cohort of randomly selected patients without pacemakers or a
CHF diagnosis (n = 11656) [10]. The pacemakers consisted of 73% dual-
chamber and 27% single-chamber devices, the latter group probably contain-
ing < 1% single-chamber atrial pacemakers. No programming or Cum%VP
data were available. The median length of follow-up was about 33 months,
ranging from ≥ 2 years to 5 years.

During the study period, 20% of the paced group were hospitalised for
CHF hospitalisation compared with 12.5% of the control group (P < 0.0001).
Deaths from CHF were also more frequent in the paced group than in the
control group (P < 0.035). In addition, the pacemaker group had a higher
rate of the combined endpoint of first CHF hospitalisation or death from
CHF than the control group (P < 0.0001); these events began early after
implantation and persisted throughout the analysis. The difference from the
control group was more marked with single-chamber pacemakers (hazard
ratio = 1.59) than with dual-chamber devices (hazard ratio = 1.36). There
was a 32% increase in the adjusted risk for fatal or nonfatal CHF in the sin-
gle-chamber pacemaker group compared with the dual-chamber pacemaker
group [10]. Although the paced group was more likely to have heart disease
than the control group, the data point in the same direction as the results
from the aforementioned trials.
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Importance of Monitoring Left Ventricular Function in Pacemaker

Patients

The advent of cardiac resynchronisation therapy has underscored the impor-
tance of monitoring LV function in patients attending a routine pacemaker
follow-up service [14]. In this respect, O’Keefe et al. [9] evaluated the change
in the nuclear-determined LVEF over a period of approximately 18 months
(baseline 25–40%) in 207 patients with a variety of conditions. The analysis
was limited to patients with an increase of LVEF ≥ 10% (148 patients) and to
those with a decrease of LVEF ≥ 7% (59 patients). Twenty-two patients had
pacemakers (mostly DDDR): six showed an increase in LVEF, and 11 a
decrease. The strongest independent predictor of LVEF decrease was the
presence of a permanent right ventricular pacemaker (odds ratio 6.6, P =
0.002). Although the numbers were small, and the presence of a pacemaker
(no programming or Cum%VP data were provided) probably identified a
sicker group of patients at the beginning of the study, the results do high-
light the importance of careful follow-up of LV function in pacemaker
patients with the view to consider upgrading to a biventricular system for
primary prevention of CHF in selected patients.

Pacing Methodology

The results of the DAVID, MOST, MADIT II, Danish AAIR vs DDDR, and Post
AV Nodal Ablation Evaluation (PAVE) studies should be considered a wake-
up call to avoid or minimise RV pacing if possible [3–8, 15–17]. Table 1 out-
lines how RV pacing can be minimised in patients with sick sinus syndrome
using present pacemaker technology.

Algorithms involving the automatic search for AV conduction (such as AV
search hysteresis promoting functional AAIR pacing) have been refined so
that correctly programmed devices can probably reduce RV pacing by 50% or
more in suitable patients; but data are sparse [30–31]. Large trials are needed
to determine the efficacy of ‘AV conduction search’ algorithms [33–34]. New
pacing modes with automatic mode switching from DDDR to AAIR and back
to AAIR according to the status of AV conduction are now available (Figs. 1–3).
These systems virtually eliminate RV pacing in ICD patients who do not have a
clear indication for pacing [27, 35]. During antibradycardia pacing in patients
with sick sinus syndrome or paroxysmal AV block, this new pacing mode can
also reduce RV pacing but to a lesser degree [36–38]. In this respect, a multi-
centre randomised single-blind crossover evaluation was conducted in 13
European and five Canadian centres involving patients (N = 65 with 55% sick
sinus syndrome) who received a Medtronic EnRhythm Model P1501 DR pace-
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Table 1. Methodology of pacing in sinus syndrome

Method Comments

Do not pace if it is not necessary 1. Use the DDD(R) or DDI(R) mode with a long AV
delay and slow lower rate according to the behav-
iour of the spontaneous rhythm.
2. When the stable PR interval is ≥ 0.28 ms, seek 
the optimal paced AV delay by echocardiography 
to avoid more unfavourable haemodynamics relat-
ed to a very long spontaneous PR interval compa-
red to a shorter PR interval with RV pacing and LV 
dyssynchrony [19].

Alternative single-site RV pacing Pooled data from many studies suggest that RV 
outflow (or septal) pacing provides somewhat 
better acute haemodynamic performance than RV 
apical pacing [20]. An acute improvement does not 
necessarily translate into long-term improvement 
in LV function. At present, long-term studies 
involving RV pacing sites other than the apex are 
difficult to interpret and have yielded mixed 
results in terms of LV function [21].

Bifocal RV pacing (2 RV sites) Limited experience with mixed results [22–25].

AAI and AAIR modes Small risk of AV block in carefully selected 
patients (1–2% per year). Rarely used in the USA 
for fear of litigation. In Europe, AAI and AAIR 
modes are considered viable and acceptable in 
carefully screened patients without bundle-branch 
block and delayed AV conduction.

His bundle pacing Evolving technique in its infancy; technically 
demanding [26].

Programming manoeuvres Functional AAIR pacing:
1. Using the DDDR (or DDIR) mode with a fixed 
long AV delay (250–300 ms) in patients with normal
AV conduction is of limited value in preventing RV 
pacing [3, 27, 28]. During AV block, pacing occurs 
with the programmed long AV delay.
Complications: A. Long atrial refractory period 
may cause atrial undersensing and limits the 
programmable upper rate. B. Long AV delay favours 
endless loop tachycardia.C.Long AV delay may cause 
AV desynchronisation arrhythmia (repetitive non-
reentrant VA synchrony) [29] with functional loss of
atrial capture. D. Interlocks with ICDs because of
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long AV delay.E.In the DDIR mode, functional VVIR 
pacing occurs during AV block if the sinus rate is 
faster than the lower rate or sensor-driven rate.
2. AV search hysteresis (autointrinsic conduction 
search, Search AV+) in the DDDR mode [30–31]).
These algorithms allow the functional AV delay to 
be longer than the programmed AV delay as long 
as AV nodal conduction is intact. During AV block,
the AV delay is more appropriate than the above 
situation in part 1 using a fixed long AV delay.
Modest benefit in reducing Cum%VP even in 
patients without AV block but substantial data are 
not available.

Biventricular pacing Consider biventricular pacing in patients with 
LVEF ≤ 35%, especially when mitral regurgitation 
is present and Cum%VP is expected to be high.

New pacing modes in which the Pacemakers with automatic mode switching 
algorithm maintains AAI or AAIR DDDR �AAIR � DDDR according to AV conduc-
pacing.Automatic mode switching tion are effective in minimising RV pacing but
DDDR �AAIR �DDDR. Return clinical benefit and long-term results (including
to AAIR from DDDR is achieved by impact on atrial fibrillation) are unknown at this
periodic AV conduction checks by time. The algorithms allow occasional cycles of
the device monitoring for conducted second-degree AV block for a short period but an 
VS. First- and second-degree AV block occasional patient may become symptomatic.
are tolerated in the AAIR mode up to 1. Medtronic’s Managed Ventricular Pacing (MVP)
a predetermined programmable limit. has no AV interval (ending in VS) so that no
Supraventricular tachyarrhythmias ventricular pacing will occur after a long PR (AS–VS 
activate automatic mode switching or AP–VS) interval. Sustained marked 1st-degree
to the DDIR mode (AAIR �DDIR AV block may be haemodynamically important and
or DDDR �DDIR) symptomatic like retrograde VA conduction [27].

2. In ELA’s AAISafeR 2 pacemaker, ventricular 
pacing is delivered for 1st-degree AV block after a 
number of consecutive long PR (AS–VS: 350 ms) or 
(AP–VS: 450 ms) intervals. The response to 1st

degree AV block can be programmed for exercise 
(considered when the atrial rate > 100 bpm),rest or 
both [32]. There is a non-sustained switch and a 
long-lasting switch to the DDDR mode.
Both of the above systems are efficient in reducing 
RV pacing, especially in patients with ICDs who 
often do not require rate support.

AP Atrial pacing event, AS atrial sensed event, AV atrioventricular, Cum%VP cumulative
percentage of ventricular pacing, ICD implantable cardioverter-defibrillator, LV left ven-
tricular, LVEF left ventricular ejection fraction, RV right ventricular, VA ventriculoatrial,
VS ventricular sensed event
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Fig. 1. Mode switching by the AAISafeR (ELA) pacemaker in response to two consecutive
blocked P waves. (Courtesy of Roland X. Stroobandt, MD)

Fig. 2. Mode switching of the AAISafeR (ELA) pacemaker in response to three non-con-
secutive blocked P waves over 12 cycles. (Courtesy of Roland X. Stroobandt MD)



maker [36]. Patients were randomised to Managed Ventricular Pacing (MVP)
or DDDR pacing mode for one month and switched over to the alternate mode
for a second month. The MVP mode reduced RV pacing significantly in
patients with sick sinus syndrome (absolute median reduction 65.6%,
P < 0.001). It is clear that the efficacy of systems that promote functional
AAIR pacing by withholding RV pacing will depend on the selection of the
type of patients being investigated.

During pacemaker follow-up, the Cum%VP data stored in the pacemaker
memory should be carefully evaluated to determine whether it can be reduced
by altering pacemaker parameters. Unfortunately, recording of a paced event
(VP) involves several mechanisms other than a pure paced beat, such as ven-
tricular fusion and pseudofusion beats. This means that the percentage of true
ventricular paced beats has been underestimated in the various trials, making
conclusions about the harmful effects of RV pacing even more important. A
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Fig. 3. Mode switching by the AAISafeR (ELA) pacemaker in response to six consecutive,
critically long PR intervals. Note that a pacing algorithm that has no defined AR
(AP–VS) or PR (AS–VS) interval (AV interval terminating with VS) would result in pac-
ing in the AAIR mode irrespective of the duration of the AR or PR interval. Thus, a very
long AR or PR interval could produce unfavourable haemodynamics similar to those in
the pacemaker syndrome associated with retrograde ventriculoatrial conduction. AR
Atrial paced event, PR atrial sensed event-ventricular sensed event. (Courtesy of Roland
X. Stroobandt MD)



pacemaker with an appropriate algorithm and programmability could store
these paced ventricular events in its memory and display them upon retrieval
by the clinician. This would allow the mechanisms of such events to be deter-
mined and subsequently prevented. In addition, the data would help in the
design of pacemakers capable of withholding RV stimulation in a variety of
circumstances in which pacing is not warranted.

The use of ‘prophylactic’ biventricular antibradycardia pacing in patients
with poor LV function has not yet found its way into the standard guidelines.
Nevertheless, some physicians believe that ventricular resynchronisation
should be used for ‘primary prevention’ at the time of initial device implan-
tation or replacement, before the development of CHF in selected patients,
regardless of QRS duration, if the LVEF is ≤ 35%, especially if there is associ-
ated mitral regurgitation and when a large Cum%VP is expected. At this
juncture, patients with sick sinus syndrome and LVEF ≤ 35% should proba-
bly receive a conventional RV pacemaker with appropriate algorithms to
minimise RV pacing if the clinical situation suggests that RV pacing is likely
to be infrequent. The question of primary prevention of LV dysfunction and
CHF with biventricular pacing needs to be addressed in large trials.
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Drug-Induced, Drug-Provoked and Drug-Associated

Bradycardia

I.E. OVSYSHCHER

Introduction

Bradycardia or bradyarrhythmia is present if the heart rate, i.e. ventricular
rate, is less than 60 bpm in the setting of sinus rhythm, a variety of atrial
rhythms, atrial fibrillation/flutter, junctional, or idioventricular rhythm [1]
and advanced atrioventricular (AV) block. Drug-induced bradycardia in
adults is frequently observed. This paper will discuss clinically significant
and symptomatic bradycardia [1], i.e. bradycardia responsible for the
development of syncope, near-syncope, and confusional state, and brady-
cardia which is  accompanied by premature ventr icular beats w ith
short–long intervals, non-sustained ventricular tachycardia, QT prolonga-
tion, low cardiac output, and/or poor left ventricular function (these
bradycardias can lead to torsades de pointes and to new onset or deteriora-
tion of previous heart failure).

Types of Bradycardia Observed in Patients Treated by Drugs Inducing

Bradycardia: Definitions

Three types of bradycardia maybe observed during therapy with drugs
inducing bradycardia:
1. Drug-induced bradycardia. In the heart with normal sinus and AV node

and normal infranodal conduction, drug-induced bradycardia may be
due to overdosage and toxic effect of medication, or to a synergistic
‘brady effect’ of several medications.
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Sheva, Israel



2. Drug-provoked bradycardia. In the heart with underlying latent disease of
the sinus and/or AV node, and/or infranodal conduction system, brady-
cardia may be due to a trigger effect of even sub-therapeutic doses of
drugs inducing bradycardia. This kind of ‘drug-induced’ bradycardia
should be classified as drug-provoked bradycardia. It is important to note
that generally drugs inducing bradycardia (β- and calcium channel
blockers and most anti-arrhythmic drugs) have no influence on infran-
odal conduction.

3. Drug-associated bradycardia. In patients with underlying latent disease
of the sinus and/or AV node, and/or infranodal conduction, significant
bradycardia may be associated with drugs inducing bradycardia but not
due to a brady effect of these drugs. Frequently the difference between
bradycardia associated with drugs is invisible and the former may be
confused with the later.

4. In patients with normal heart therapeutic doses of drugs inducing brady-
cardia generally cannot cause clinically significant bradycardia, especially
due to AV block. This suggestion is logical extension of previous three.
All definitions based on level of evidence C.

Drugs Inducing Bradycardia

Clinically significant bradycardia can be induced by β-blockers, non-dihy-
dropyridine calcium channel antagonists, digitalis, and anti-arrhythmic
drugs [1–7]. Other drugs include sympatholytic anti-hypertensives, tedis-
amil, carbamazepine, cimetidine, anti-depressants, lithium, opioid blockers,
and cocaine [3, 8]. This last group has generated relatively little data in the
literature.

Severe symptomatic bradycardia has been observed after the eating of
honey (called mad honey) produced from the nectar of rhododendrons (of
the family Ericaceae) [9]. Grayanotoxins extracted from this honey and
injected to rats cause severe bradycardia.

There are case reports regarding a toxic effect of doxorubicin and anti-
smoking remedy (herbs) leading to symptomatic bradycardia due to heart
block [10, 11].

Bradyarrhythmia develops more commonly with amiodarone, sotalol and
other β-blockers, propafenone, or flecainide than with procainamide, quini-
dine, or disopyramide; combined drug therapy increases the risk of signifi-
cant bradycardia [7, 8, 12]. Advanced age, a history of prior myocardial
infarction, decreased systolic performance, and ventricular arrhythmias (i.e.
factors strongly associated with sinus node dysfunction and supra- and
infranodal conduction disturbances) are independent predictors of brady-
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arrhythmic complications of drug therapy [3–8].
An interesting study was published recently regarding high-degree heart

block in patients treated with β-blockers and non-dihydropyridine calcium
channel antagonists [2]. During AV block, sinus rhythm was 79 ± 17 bpm
and troly ‘caused by the drugs’ was uncommon, being observed in only 8%.
The majority of patients presenting with second- or third-degree AV block
during therapy with β- or calcium channel blockers will continue to suffer
from AV block even after discontinuation of these medications. Importantly,
in most of these patients heart block was infranodal, and even when the
block resolved after the medication was discontinued, it usually recurred in
the absence of drug therapy. In fact, this would be expected because both 
β- and calcium channel blockers have no effect on infranodal conduction.

Thus, it cannot be predicted whether a patient with AV block that
appeared during therapy with bradycardia-inducing drugs can expect a
benign course after discontinuation of the ‘wrong’ medication. Moreover, was
been emphasised by the authors, in the vast majority of these patients the
‘offending’ drug cannot be blamed for AV block, but rather plays a bystander
role, i.e. in these patients AV block was drug-associated, but not drug-
induced, and only occasionally was drug-provoked AV block observed (i.e.
the drug played a trigger role in AV block initiation). It is very possible that
clinically significant and symptomatic ‘drug-induced’ bradycardia in other
patients (without heart block) is also mostly due to underlying sinus and/or
AV node disease [1, 6, 8, 12, 13]. In these cases ‘drug-induced’ bradycardia
should be classified as drug-provoked or drug-associated bradycardia.

This is of clinical importance because in the 2002 ACC/AHA/NASPE
guidelines for pacemaker implantation [14], definitions of various clinical
forms of drug-induced bradycardia are missing, and pacemaker implanta-
tion is generally considered unnecessary in patients with significant drug-
induced bradycardia.

Is Drug-Induced Bradycardia Evidence of Pro-arrhythmia?

Since many of the inducing bradycardia and anti-arrhythmic drugs have a
depressant effect on both sinus node automaticity and AV nodal conduction,
sinus bradycardia, sinus pauses, sinus arrest, and/or various degrees of
supranodal AV block may occur. It is often stated in the literature that brady-
cardia appearing during treatment by the mentioned groups of drugs is a
‘pro-arrhythmic complication’ [3–6], a term connoting aggravation of treat-
ed arrhythmia or the development of a new tachyarrhythmia [4]. However,
‘drug-induced bradycardia’ due to either sinus node dysfunction or various
degrees of both supra- and infra-nodal AV block appears more common in
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patients with underlying sinus or/and AV node diseases (usually latent),
which frequently occur in patients with structural heart disease [1–6, 12, 13].
Furthermore, true pro-arrhythmic events commonly occur within several
days from the start of drug therapy with initially relatively low doses [3–6],
whereas bradycardia usually appears after prolonged drug treatment, and
only sometimes during a loading process, as with amiodarone [6, 13], espe-
cially in the management of malignant ventricular arrhythmia.

Thus, characterisation of drug-induced bradycardia as a pro-arrhythmic
complication is inaccurate because it represents largely a manifestation of
underlying disease of the sinus and/or conduction system or drug over-
dosage. Of note, bradycardia itself may predispose to bradycardia-dependent
pro-arrhythmic tachyarrhythmias.

Bradycardia Requiring Permanent Pacing

There are no data in the literature regarding the incidence of drug-induced
bradycardia in specific cardiac conditions. According to a review of 26 pub-
lished reports, the incidence of development of drug-induced bradycardia
necessitating pacemaker implantation was estimated at 1–15% of patients on
a variety of anti-arrhythmic agents used for different indications [1, 7]. In a
recent report [13] based on a study of 8770 post-myocardial infarction
patients with recent-onset atrial fibrillation, amiodarone use was associated
with an increased risk of pacemaker insertion (odds ratio, OR: 2.14, 95%
confidence interval, CI). Digoxin was the only other medication associated
with an increased risk of pacemaker insertion (OR: 1.78, 95% CI). A strong
association between prior sinus node dysfunction or conduction distur-
bances and the need for a permanent pacemaker was also demonstrated.
(OR: 3.32, 95% CI). In another report [12] on amiodarone treatment of
patients with atrial fibrillation, bradycardia requiring permanent pacing
occurred in 1.4% of patients.

In a study of patients with atrial fibrillation treated only with sotalol,
bradycardia requiring permanent pacing was observed in 2.5% and dose
reduction in about 14% of patients [15]. Among 78 patients with a DDDR
system implanted for symptomatic bradycardia and paroxysmal or persistent
atrial fibrillation, the bradycardia was drug-induced (mostly by amiodarone
and sotalol) in 33% [7]. Before pacemaker implantation, the drug dosage had
to be reduced or the agent discontinued in these patients, owing to bradycar-
dia despite unsatisfactory rhythm and rate control. After pacemaker implan-
tation, the drug could be used again and was more effective at either the
same or an increased dosage [7].

Zeltser et al. [2] recently published a study regarding drug-induced AV
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block. They concluded that AV block is commonly ‘related to drugs’ but is
rarely ‘caused by drugs’ (see above).

The incidence of pacemaker implantation for ‘drug-induced’ bradycardia
varies considerably [1, 7]. This variability depends on several factors: drug
type, drug combination, and diversity of patient cohorts (patients with nor-
mal heart versus patients with sinus and/or AV node dysfunction and con-
duction disturbances). In addition, the need for pacemaker implantation was
decided on the basis of individual clinical judgement rather than published
guidelines.

Clinical Implications and Conclusions

‘Drug-induced bradycardia’ is a multifarious and an important but poorly
defined clinical problem. Its characterisation as a pro-arrhythmia is unwar-
ranted. ‘Drug-induced bradycardia’ is common and frequently represents a
manifestation of underlying sinus and/or AV node dysfunction and conduc-
tion disturbances, i.e. drug-provoked and drug-associated bradycardia. True
drug-induced bradycardia is caused by drug overdosage and/or drug toxicity
or combination of ‘drugs-inducing bradycardia’ in inappropriate doses due
to their synergistic effect. In patients with symptomatic or clinically signifi-
cant true drug-induced bradycardia, one must decide whether to stop or
reduce the drug therapy or to continue it if there is no acceptable alternative,
in which case pacing therapy should be considered. In patients with drug-
provoked bradycardia a similar approach should be suggested. In patients
with drug-associated bradycardia, especially due to high-degree AV block,
pacing implantation should be considered [2]. Frequently, clinical differences
between drug-induced, drug-provoked, and drug-associated bradycardias
maybe invisible and they may be poorly differentiated.

Little is known about when bradycardia discovered in patients treated
with ‘offending’ drugs merely unmasks the presence of clinically important
underlying sinus or conduction system disease or both. Little also is known
about the natural history and prognosis of patients with drug-induced
bradycardia.
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The Sleep Apnoea Syndrome: CPAP or Cardiac Pacing?

P.E. VARDAS, E. SIMANTIRAKIS, S.E. SCHIZA

Sleep apnoea syndrome is a serious health problem that according to the
National Institute of Health afflicts 18 million Americans. Its incidence is
estimated to be 4% in men and 2% in women in a population of middle-aged
adults considered to be healthy [1]. Sleep apnoea is divided into two types,
obstructive and central. Obstructive sleep apnoea syndrome is defined as
repeated episodes of upper airway occlusion during sleep with consequent
excessive daytime sleepiness, impaired quality of life, and abnormal car-
diopulmonary function. The central type of the syndrome is characterised
by simultaneous absence of inspiratory airflow and respiratory movements
due to dysfunction of the central respiratory control mechanisms. Patients
with sleep apnoea display increased morbidity and mortality, mainly
because the syndrome is linked to an increased risk of cardiopulmonary dis-
eases [2], and also have an increased risk of being involved in traffic acci-
dents [3], as well as a decline in their family, social, and professional lives [4].

Sleep Apnoea Syndrome Therapy

Central Sleep Apnoea

The central type of apnoea is often seen in patients with congestive heart
failure (CHF). Its appearance has known to be dependent on the cause and
degree of seriousness of CHF, and SAS has been recorded in 40–60% of
patients with CHF [5, 6]. Its presence is related to the patients’ prognosis [7]
and the progress of CHF, as it is associated with increased sympathetic nerve
activity, higher urinary and plasma norepinephrine concentration, and, pos-
sibly, elevated endothelin.
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The haemodynamic improvement of patients with CHF is often associat-
ed with a significant reduction of central sleep apnoea. However, in cases
where despite therapy of CHF, the patients continue to suffer from central
sleep apnoea, more drastic therapy is required. Treatment with theophylline
or the nocturnal administration of oxygen has been used, but evaluations
show that, although the seriousness of the symptoms may be reduced, the
long-term improvement of the patients’ prognosis remains an unknown quo-
tient. Continuous positive airway pressure (CPAP) therapy has been found to
increase ejection fraction and the transplant-free survival rate [7, 8], but a
number of studies have shown that patients with CHF often do not tolerate
CPAP therapy, quite apart from the fact that the ventilation device is cum-
bersome and constraining for the patient [9, 10]. The efficacy of CPAP in
CHF patients with central sleep apnoea may be related to a decrease in the
obstructive component accompanying central sleep apnoea or may be due to
some direct haemodynamic effects of CPAP.

Recently, cardiac pacing has been investigated as an alternative method
of therapy for sleep apnoea. In one well-designed study by Garrigue et al.
[11] in patients with mildly reduced function of the left ventricle who were
being paced for conventional indications, atrial pacing at a rate 15 bpm
higher than the average nocturnal heart rates significantly reduced episodes
of central type sleep apnoea. Certainly, further studies are needed to confirm
the findings and to evaluate whether the beneficial result continues over the
long-term and whether there is an improvement in the quality of life and
prognosis of such patients.

In addition, recently the role of cardiac resynchronisation therapy (CRT) as
a therapy for central sleep apnoea and Cheyne–Stokes breathing in patients
with CHF was investigated. In these patients it is known that CRT improves the
haemodynamic and functional status and reduces mortality. Concerning cen-
tral sleep apnoea, it was found that CRT led to a significant decrease in Apnoea
Hypopnoea Index (AHI) (19.2 ± 10.3 to 4.6 ± 4.4, P < 0.001) and Pittsburg
Sleep Quality Index (PSQI) (10.4 ± 1.6 to 3.9 ± 2.4, P < 0.001) without
Cheyne–Stokes respiration and to a significant increase in Sao2 min (84 ± 5%
to 89 ± 2%, P < 0.001) [12]. So, CRT led to a clear reduction of central sleep
apnoea and to an increased quality of sleep in patients with heart failure and
sleep-related breathing disorders. However, further studies are necessary to
evaluate the prognostic implications of breathing patterns and their therapy in
patients with CHF.

Obstructive Sleep Apnoea

Obstructive apnoea has been associated with numerous cardiopulmonary
diseases, particularly arterial hypertension, stroke, cardiac arrhythmias, and
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pulmonary hypertension. Our understanding of the nature and pathophysi-
ology of the disorder is very limited. Anatomical narrowing of the airway,
inversed collapsibility of the airway tissues, disturbance in reflexes that
affect upper airway calibre, and pharyngeal muscle function all contribute to
upper airway occlusion during sleep [13]. However, there is much data to
suggest that obstructive sleep apnoea is a systematic illness rather than a
local abnormality, a manifestation of a metabolic syndrome [14]. To date, a
variety of types of therapy have been used, including upper airway surgery,
weight loss, oral appliances, and nasal CPAP. From 1981, the latter has been
considered the therapy of choice and has proved to be highly effective in
alleviating symptoms, reducing morbidity and mortality, and improving
quality of life [15–17]. However, patient compliance with CPAP is a problem
and has been found to range from 65–80% , mainly because of problems with
the nasal mask interface, acceptance of treatment, and poor educational pro-
grammes before CPAP titration [18, 19]. Thus new therapeutic methods
remain the aim of ongoing research. Recently, it was found that increasing
and stabilising the cardiac rhythm during sleep by atrial pacing can be help-
ful in patients with sleep apnoea [11]. This followed the observation that
some patients who had received a pacemaker with atrial overdrive pacing to
reduce the incidence of atrial tachyarrhythmias reported a reduction in
breathing disorder after the implantation of the pacemaker. In this study,
atrial pacing at a rate of 15 bpm higher than the average nocturnal rate led
to a reduction not only in episodes of central type apnoea, but also in
episodes of obstructive sleep apnoea [11].

Similar results were reported in an earlier small study by Kato et al. [20],
which found that after physiological cardiac pacing in three patients with a
mixed type of the syndrome, AHI was reduced with the increase in the aver-
age heart rate. In such patients, it seems that cardiac pacing, by improving
cardiac function and avoiding periodic breathing that may play a role in the
pathophysiology of some cases of obstructive sleep apnoea syndrome, could
reduce the number of secondary obstructive events. It should be noted, how-
ever, that in a more recent study, Pepin et al. [21] stated that they were unable
to find beneficial effects of pacing in another, more representative popula-
tion with moderate to severe, predominantly obstructive sleep apnoea and
mean left ventricular ejection fraction of 64 ± 13% who had been paced for
conventional indications.

Furthermore, Luthje et al. [22] found in another study that in patients
with normal or impaired left ventricular function, atrial pacing had no effect
on the AHI and oxygen desaturation. In another study by our department
with a crossover design, we evaluated prospectively the effects of atrial pac-
ing after 24 h and 1 month in patients with pure obstructive sleep apnoea
syndrome and compared it with the established CPAP therapy [23]. We
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found that although CPAP therapy was highly effective, atrial pacing had no
effect on the treatment of such patients. From the findings of these studies, it
becomes obvious that correctly programmed cardiac pacing may have some
place in the therapy of patients with obstructive apnoeic episodes, but fur-
ther study is necessary to estimate which subgroups of patients stand to ben-
efit.

In conclusion, CPAP therapy, despite the limited compliance, remains the
first-line therapy for patients with sleep apnoea syndrome. The role of car-
diac pacing in the treatment of such patients still remains obscure and more
studies are needed to evaluate whether it could benefit some subgroup or
subgroups of patients.
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Rate-Responsive Pacing Controlled by the TVI Sensor in the

Treatment of Sick Sinus Syndrome

F. DORTICÓS1, M.A. QUIÑONES1, F. TORNES1, Y. FAYAD1, R. ZAYAS1, J. CASTRO1,
A. BARBETTA2, F. DI GREGORIO2

Introduction

Cardiac rate adaptation to changes in metabolic demand for blood supply is
essential for the optimisation of exercise capacity and general well-being,
especially for people inclined to an active life-style. Since patients affected by
sick sinus syndrome often present with different forms of chronotropic
incompetence [1], dual-chamber rate-responsive pacing is usually indicated
in the electrical treatment of this disease. Sensors of various kind are cur-
rently applied to regulate the pacing rate, but the ideal goal to precisely meet
the physiological needs by an artificial control system has not yet been fully
achieved [2]. Indeed, activity sensors, which are generally based on an
accelerometer, are highly sensitive and quickly reactive during dynamic
exercise, but they cannot detect conditions of isometric exercise, post-exer-
cise recovery, or mental stress, which would normally entail cardiovascular
compensation. In addition, the accelerometer indications are not specific,
since the sensor can induce a rate increase even in response to passive move-
ments. Sensors designed to record changes in physiological parameters indi-
cating exercise or fatigue, such as minute ventilation, are more specific, but
usually slow and less sensitive. Sensors of different manifestations of adren-
ergic tone, e.g. Q–T interval, pre-ejection interval, unipolar ventricular
impedance, and peak endocardial acceleration (PEA), generally provide a
good approximation of the expected rate regulation [3–6], but may require
complex hardware [7], can be affected by positive feedback from the pacing
rate itself [8], or may be unreliable under particular conditions [9].
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A new and interesting advancement in sensor technology is the applica-
tion of trans-valvular impedance (TVI) in the assessment of cardiac haemo-
dynamics. TVI is the impedance recorded between the right atrium and ven-
tricle with standard pacing electrodes that can be either in contact with the
myocardium or floating in the blood [10, 11]. It is well-known that cardiac
impedance changes in-phase with the cardiac cycle, in a fashion suggesting
an inverse correlation with the ventricular volume. This relationship can be
applied to infer relative modifications in end-diastolic volume (EDV), end-
systolic volume (ESV), stroke volume (SV), and ejection fraction (EF) from
absolute impedance measurements [12, 13]. Simultaneous monitoring of SV
and preload can account for the influence of intrinsic heart regulation on
myocardial contraction, as predicted by Starling’s law. The fraction of SV
changes that is not ascribed to the preload effect represents the adrenergic
component of inotropic regulation [14–16], which can be correlated with the
sinus rate in patients endowed with physiological chronotropic competence
[17, 18]. Impedance measurement in trans-valvular configuration is especial-
ly suitable for the practical implementation of this haemodynamic model,
since the TVI signal is quite stable and allows reliable DC recording. The the-
oretical expectation has been confirmed by previous experience demonstrat-
ing that end-diastolic TVI decreases under conditions of increased preload
and increases when preload is reduced, while end-systolic TVI and signal
peak-to-peak amplitude are increased by adrenergic stimulation [15, 17–19].

In addition to the development of advanced novel sensors, the current strat-
egy for rate-responsive pacing improvement is oriented toward matching dif-
ferent sensors together, thus extending the sensitivity to a variety of different
conditions and increasing the reliability of the system, thanks to sensor cross-
checking [20, 21]. This principle has been applied in the design of a new dual-
chamber rate-responsive pacemaker (Sophòs 100 by Medico) that is equipped
with the TVI sensor integrated by an accelerometer. Pilot implantations of this
device have been done in our center, with the aim of testing the effectiveness of
rate adaptation in patients affected by sinus node disease.

Materials and Methods

The study was approved by the local Ethical Committee and the enrolled patients
provided written informed consent.Seven patients presenting with sick sinus syn-
drome,marked bradycardia at rest,and depressed chronotropic response were im-
planted with the DDD-R pacemaker Sophòs 100 along with the atrial lead mod-
el 366 and the ventricular lead model 340 (Medico, Padua, Italy), positioned in the
right atrial appendage and the right ventricular apex, respectively. Both leads are
tined bipolar and bear porous Ti electrodes coated with Pt.
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The TVI measurement is obtained by the application of subthreshold
square-current pulses of 125-μs duration and amplitude automatically
adapted to the detected impedance, up to a maximum of 45 μA. With a dual-
lead system, TVI can either be derived between the ring atrial electrode and
the tip ventricular electrode (Ar-Vt configuration) or between the ring atrial
electrode and the ring ventricular electrode (Ar-Vr configuration). The most
appropriate recording configuration is chosen in each patient after evalua-
tion of the TVI waveform transmitted by telemetry, selecting the signal with
the most physiological timing (minimum TVI in telediastole and maximum
peak at the end of the T wave) and the best signal-to-noise ratio are chosen.
The minimum and maximum TVI in each cardiac cycle are processed to get
the current values and the reference resting values. The comparison of rest-
ing and current parameters provides information on myocardial contractili-
ty changes, which are expressed by the TVI inotropic index. Pacing rate
changes above the basic rate are proportional to the inotropic index, with a
slope specified by the individual rate-gain.

The rate-response profile of the accelerometric sensor corresponds to a
dual-slope linear increase in pacing rate as a function of the acceleration
detected in excess of a programmable threshold. The first slope is specified
by the difference between the pacing rate associated with moderate activity
(snap rate) and the basic rate, while the second slope results from the differ-
ence between the sensor upper rate and the snap rate. In the Sophòs 100 rate-
responsive system, the accelerometer and the TVI sensor are closely interde-
pendent and sensor cross-checking is applied since at the early stages of the
processing procedure, to cut down the risk of false-positive reactions. In
addition, the indications provided by each of the two sensors can be blended
in programmable proportion to obtain the final pacemaker rate.

The present study was designed to assess the effectiveness and reliability
of the pacemaker sensors in daily living and during different types of physi-
cal activity, including walking, biking, and stair climbing. The latest follow-
up check was performed at 6, 4, and 2 months from the implantation in four,
one, and two patients, respectively, and comprised technical tests of the pace-
maker, physical stress tests under controlled conditions, and 24-h Holter
monitoring. Data are presented as mean ± SD; the statistical significance of
differences was evaluated by two-tailed paired Student t test.

Results

Regular pacemaker operation was confirmed throughout the observation
period, although the entire patient group could be checked only at 2-months
follow-up, due to the different implantation times. Pacing function was test-
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ed in unipolar mode, while sensing was assessed in bipolar mode. Atrial and
ventricular pacing threshold at 2 months averaged 2.0 ± 0.7 and 1.7 ± 0.8
V, respectively. Atrial and ventricular sensing threshold averaged 1.9 ± 1.3
and 5.3 ± 2.4 mV, respectively. Neither pacing nor sensing threshold was
affected by turning on the pacemaker sensors.

The sensitivity of the accelerometric sensor was tested in standard con-
figuration during a short (3-min) fast walk. The maximal rate indicated by
the accelerometer under exercise conditions ranged from 88 to 138 bpm
(mean 109 ± 17), with the average time-course shown in Fig. 1. With stan-
dard kinetic regulation, the time taken to reach the maximal rate indicated
by the accelerometer after exercise start and to return to the basic rate after
exercise end was in the order of 90 s.

The response of the haemodynamic sensor was assessed by fast walking
for 6–15 min, which entailed a clear-cut increase in end-systolic TVI and
peak-to-peak amplitude of the TVI signal (Fig. 2). As a result, the TVI-
derived inotropic index was significantly increased with respect to resting
conditions (Fig. 3). The time-course of pacing rate adaptation in a represen-
tative patient is shown in Fig. 4. In this case, the TVI sensor was in Ar-Vt
configuration, with TVI rate gain set at 0.375 and standard kinetic regula-
tion. Little changes in rate were induced by the transition from supine to
standing up position, while the start of exercise triggered a quick rise in the
TVI-indicated rate, which was completed in less than 2 min. This fast reac-

584 F. Dorticós et al.

Fig. 1. Average accelerometer indicated rate (thick line) ± 1 standard deviation (thinner
lines) in the entire patient group during fast walk. The activity started at 1 min and
lasted for 3 min
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Fig. 3. Group mean ± 1 standard deviation of the maximum inotropic index (Inx)
recorded in the supine position, standing up at rest, and standing up at the end of a 6-
to 15-min fast walk. The exercise induced increase in Inx is statistically significant 
(*P < 0.05)

Fig. 2. Pacemaker event markers
and TVI waveform transmitted
to the programmer by teleme-
try. Upper panel DDD pacing
with the patient standing up at
rest; lower panel atrium-driven
pacing with the patient stand-
ing up still after walking for 15
min. Note the increase in maxi-
mum TVI and signal peak-to-
peak amplitude induced by
physical stress



tion was followed by a slower rate increase as a function of exercise duration.
When the patient stopped exercising, the TVI-indicated rate remained ele-
vated in the early recovery phase and progressively decreased thereafter, so
that 50% of the maximal rate increase was removed in about 4 min.

All patients also underwent a stair-climbing test (three storeys, repeated
twice), which increased the inotropic index from 0.14 ± 0.10 (maximal
value recorded at rest) to 0.85 ± 0.52 (P < 0.05). In some cases, an incre-
mental stress test with the ergometric bicycle was also performed, increasing
the exercise power in 25-W steps every 3 min. Under such conditions, the
TVI inotropic index progressively increased as a function of time, with a
response proportional to the exercise energy cost (Fig. 5).

The TVI- and accelerometer-indicated rate trends were recorded in each
patient in 24 h of daily living. The indications of the two sensors were gen-
erally consistent and allowed a clear discrimination of periods of rest and
activity (Fig. 6). Sensor blending and cross-check further improved the
specificity of the rate-responsive system (Fig. 7). Simultaneous Holter moni-
toring did not show any evidence of tachycardia due to inappropriate pacing,
thus both sensors were left permanently enabled with standard settings in all
patients.
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Fig. 4. Time-course of TVI-indicated rate in a patient undergoing a fast-walk test (same
case as in Fig. 2). The patient was lying in supine position in the first 3 min, during
which he was paced at the basic rate. In the next 3 min (interval between the first two
arrows), the patient was standing upright without moving. Thereafter, he walked at his
maximum speed for 15 min: the third arrow marks the exercise end. In the following
recovery stage, the patient was standing up again with no motion. At the end of the
stress, the acquisition was broken for few minutes to allow TVI waveform recording
(Fig. 2, lower panel). See text for details and comments
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Fig. 5. Inotropic index (Inx) as a function of time, during incremental stress test with the
ergometric bicycle. The power was increased in 25-W steps every 3 min. The Inx trend
is described by the regression line: Inx = 0.057*min – 0.028, with r2 = 0.76 and stan-
dard error of the slope = 0.004

Fig. 6. Whole group mean ± standard deviation of the rate indicated by the TVI sensor,
by the accelerometer sensor, and applied by the pacemaker (PM) after 50–50 sensor
blending, in day-time (white bars) and night-time (grey bars). All differences between
day-time and night-time rates are statistically significant (P < 0.01)



Discussion

Rate-responsive systems relying on haemodynamic sensors adapt the pac-
ing rate following changes in inotropic tone, with the aim of restoring the
correlation between cardiac rate and myocardial contractility, which is
ensured by the extrinsic regulation of the heart under physiological condi-
tions. Usually, haemodynamic sensors can detect different manifestations of
the ventricular contraction strength, like the right ventricular dP/dt, the
pre-ejection interval, the peak endocardial acceleration, and the unipolar
ventricular impedance waveform [3, 22–25]. It is well-known, however, that
contraction strength is not a univocal reflection of contractility modula-
tion, since it is also heavily affected by ventricular preload, which can
change independently of the autonomic nervous system input [14, 16]. TVI
is the first sensor that takes into account the influence of cardiac intrinsic
regulation on haemodynamic performance, by monitoring SV and preload
at the same time [17–19]. This feature improves the specificity of the rate-
responsive system, preventing undue pacing-rate modifications induced by
postural changes [9]. Integration with the accelerometer makes the dual-
sensor system even more sensitive and selective, as suggested for other
haemodynamic sensors [26].

Our experience confirms that TVI sensor shows a physiological response
to physical activity and is characterised by quick rate adaptation at exercise
onset and additional modulation reflecting increasing fatigue. After the
stress, the TVI-indicated rate decreases slowly, supporting the patient in the
recovery phase [27]. In daily life, the pacemaker rate-responsive system
effectively discriminates periods of rest and activity, avoiding at the same
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Fig. 7. Trends of the rate indicated by the accelerometer (open triangles) and the TVI sen-
sor (open circles) in a 24-h observation of a representative patient. The rate actually
applied by the pacemaker (PM) after sensor cross-checking and 50–50 blending is indi-
cated by the marked curve



time high rate pacing. The activation of the TVI sensor, which implies the
application of sub-threshold current pulses to allow impedance sampling,
does not influence the basic pacemaker functions of pacing and sensing. As a
result, the implanted device proved effective and reliable throughout the fol-
low-up.

Haemodynamic monitoring may have several applications in permanent
cardiac pacing besides rate regulation, including confirmation of ventricular
activity, optimisation of pacemaker configuration, and assessment of the
patient’s clinical condition and response to the therapy [19, 28]. These addi-
tional features will be available in forthcoming devices of the Sophòs family,
which promise to be a breakthrough in pacing technology and advanced new
tools in the medical care of pacemaker patients.
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Preliminary Test of a New Haemodynamic Pacemaker:

Evaluation of Sensor Safety

N. GALIZIO1, J. GONZALEZ1, H. FRAGUAS1, J. BARRA1, S. GRAF1, E. DE FORTEZA1,
R. CHIRIFE2, F. DI GREGORIO3

Introduction

The autonomic nervous system stimulation of the heart affects simultane-
ously chronotropism, dromotropism, and inotropism. Intracardiac haemody-
namic sensors detect changes in the performance of the heart, which
depends on the inotropic regulation of myocardial fibres. These sensors,
designed to monitor changes in ventricular volumes at every beat, look
promising since they could have an important function in haemodynamic
monitoring for physiological rate adaptation, for beat-to-beat capture confir-
mation, in patients with neurocardiogenic syncope, for the follow-up of
patients with heart failure, to indicate the best interventricular delay in car-
diac resynchronisation therapy and to identify arrhythmias and their
haemodynamic impact in automatic implantable defibrillators [1–13].

Intracardiac haemodynamic sensors include:
– Intraventricular pressure
– Peak endocardial acceleration
– Ventricular impedance
– Transvalvular impedance

Transvalvular impedance (TVI) is a measure of blood impedance
between right atrium and ventricle. The low-amplitude constant current is
driven from the source to the atrial ring and ventricular ring or tip of con-
ventional electrodes. TVI is inversely related to right ventricular volume:
TVI increases during ventricular systole, throughout the QT period, and
decreases during passive and active ventricular filling. The minimum TVI is

1 Institute of Cardiology and Cardiovascular Surgery. Favaloro Foundation, Rene G.
Favaloro University Foundation, Buenos Aires; 2 Hospital Fernández, Buenos Aires,
Argentina; 3 Medico Clinical Research, Rubano (Padua), Italy



sensitive to all conditions known to modify the preload. The maximum TVI
corresponds to end-systolic volume (ESV), which is sensitive to changes in
cardiac contractility [8, 9, 13] (Fig. 1).

TVI data have been processed to get an index of cardiac contractility cor-
rected for the intrinsic regulation effects on systolic volume, which correlat-
ed well with corresponding changes in sinus rate under adrenergic challenge
[14]. The TVI-derived inotropic index has been successfully used to control
the rate-responsive function of an experimental external pacemaker. In June
2004, the first DDD rate-responsive implantable pacemaker featuring TVI
recording (Shopós 100 Medico, Padua, Italy) was developed.

Study Objective

Since measurement of TVI requires the injection of a low-voltage pulsed car-
rier signal between the pacing electrodes [7, 15, 16], the aim of the study was
to evaluate whether TVI sensor operation could interfere with the conven-
tional pacing and sensing functions of the pacemaker, testing at the same
time the overall reliability of the pacer and the sensitivity to changes in the
inotropic cardiac state.
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Fig. 1. TVI and volume waveforms, ECG, and atrial electrogram



Methods

Animals

The experimental study was performed in three castrated adults, male,
Corrediale-Romey-Marsh sheep, aged 2.5 years, body weight 56–62 kg. The
animals had been treated for internal and external parasites (cypermethrin
5% topically; nitroxynil, 10 mg/kg s.c., Dovenix, Merial). On arrival at the
animal house the sheep were vaccinated against clostridial diseases
(Miloxan, Merial). After a quarantine period of 15 days the animals were
entered into the study protocol.

Experimental Protocol Consent

The experimental protocol was approved by the Institutional Animal Care
and Use Committee of Favaloro University and the study was conducted
according to the 1996 Guide to the Care and Use of Laboratory Animals pub-
lished by the United States National Research Council [17].

Surgical Procedures

Implantation of Subcutaneous Electrodes for Holter Recordings

Before surgery, three pairs of subcutaneous electrodes were implanted for
Holter recording. Cables were tunnelled subcutaneously to emerge at the
interscapular space and connected to the Holter recorder, which was fastened
at the back of the sheep (Fig. 2).
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Fig. 2. Holter recorder fastened
on the back of the sheep



Anaesthesia and Intraoperative Monitoring

After 24 h starvation, general anaesthesia was induced with sodium
thiopental and maintained with 1.5–2% halothane, carried in pure oxygen
(2.5 l/min) under assisted ventilation. Surface ECG and PCO2 were continu-
ously displayed in a monitor. Heart rate and blood oxygen saturation was
measured by pulse oximetry.

Data Acquisition

Blood pressure was measured using a pressure transducer (Gould 6600 series
transducer). Aortic pressure and ECG signals were registered on a six-chan-
nel-signal conditioner (Gould 5900) and simultaneously on a chart recorder
which allowed signals to be displayed on the screen of a PC monitor.

Instantaneous pressure and ECG signals were sampled and analysed off-
line on a computer equipped with a multichannel 12-bit analogue-to-digital
converter. Signals were digitised every 4 ms and stored as ASCII text files.

Surgery

With the animals in right lateral decubitus, a screw-in pacing lead (Oscor HT
52 PSBV) and a tined ventricular lead (Medico 340) were inserted via the
jugular vein and implanted in the right atrium and right ventricular apex,
respectively, guided by fluoroscopy by means of a C-arm angiographic appa-
ratus.

TVI was measured either between atrial ring and ventricular ring (Ar–Vr)
or atrial ring and ventricular tip (Ar–Vt) electrodes, whichever configuration
resulted in the best signal resolution. After that, atrial and ventricular pacing
and sensing thresholds were measured with TVI ON and OFF. The pacemaker
was then placed subcutaneously in the lateral surface of the neck.

Finally, recording of arterial pressure and ECG was performed during base-
line conditions and during intravenous infusion of isoproterenol (2 μg/ml).

Pacemaker Operation and Program

The TVI sensor was designed to work synergistically with an accelerometric
sensor.

The indications provided by the two sensors can be integrated by a blending
process, with relative weighting of each sensor programmable from 0 to 100%.

Even when the pacing rate results from the blending of the two sensors, the
pacemaker diagnostic functions allow separate storage of the TVI-indicated
rate and the accelerometer-indicated rate. In the Sophós pacemaker, TVI is
sampled at 16-ms intervals. The digital data are processed at the end of each
cardiac cycle to work out the minimum diastolic impedance and the maximum
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systolic impedance, which are the basis for calculating the inotropic index and
the TVI-indicated rate.

The pacemaker was programmed in bipolar mode for atrial and ventricular
sensing and pacing. The lower rate was set at 80 beats per minute (bpm), the
upper rate at 160 bpm and the A-V interval at 40 ms in order to obtain appro-
priate ventricular pacing.

Holter Monitoring

Holter recording was performed after 2 weeks and 4 weeks of implantation,
looking for pacemaker malfunctions (undersensing or oversensing).

Results

The TVI recording configuration was Ar–Vr in two sheep and Ar–Vt in one
sheep. The pacemaker automatically sets the intensity of the current pulses
to be applied for TVI measurement to ensure the best signal resolution. TVI
pulse amplitude was 10 μA in the Ar–Vt and 18 μA and 21 μA in Ar–Vr
configurations.

Ventricular capture thresholds showed a small increase after 2 weeks of
implantation, as usual, but there was no difference between measures with
TVI ON or OFF, neither was there any difference in ventricular sensing
thresholds (Fig. 3). The same result was obtained between measures in atrial
capture and sensing thresholds with TVI ON or OFF (Fig. 4).
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Fig. 3. Ventricular capture and sensing threshold at implantation and 2 and 4 weeks
after implantation



Figure 5 shows normal sinus rhythm before pacemaker implantation
(Fig. 5a) and normal pacemaker function after implantation (Fig. 5b).
Sporadic atrial undersensing was found after 2 weeks (Fig. 5c). This was cor-
rected by reprogramming the atrial sensitivity.
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Fig. 4. Atrial capture and sensing threshold at implantation and 2 and 4 weeks after
implantation

Fig. 5. a Normal sinus rhythm; b normal pacemaker function after implantation; c spo-
radic atrial undersensing

a

c
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Conclusions

In the present animal model study, the pacemaker Sophós 100 proved fully
reliable in a 1 month follow-up period. TVI sensor operation did not inter-
fere with conventional pacemaker functions, opening the way to its implan-
tation in human beings.
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From Analog to Digital Technology: What Are the Clinical

Benefits?

R. MANTOVAN1, G. CORBUCCI2

Introduction

In 1995, Nicholas Negroponte, theorist and researcher at MIT (Massachusetts
Institute of Technology), published ‘Being Digital,’ in which he examined
new technological developments and their impact on the world [1]. The title
of his book has now become a catch-phrase to describe a technological revo-
lution that has substantially modified our social, economic, and intercultural
conditions.

This evolving scenario is founded on the process that transforms analog-
ic signals into digital signals. Digitalisation consists of translating data into a
numerical sequence of 0s and 1s (binary system). Thus encoded, differing
signals (static or moving images, sounds, written texts) become homoge-
neous and can be handled simultaneously in a rapid and flexible manner,
while maintaining their quality and stability.

The digital ‘breakthrough’ has brought ever greater interaction-integra-
tion to sectors that for a long time developed separately. Information tech-
nology, telecommunications, media, electronics, and mathematics are now
converging to create a set of products and services that are radically chang-
ing our way of living and working [2]. Mobile telephones, CDs, Internet, elec-
tronic diaries, DVDs, MP3 players, video cameras, digital cameras, and satel-
lite and cable TV are just a few of the numerous applications of this ‘synthet-
ic’ technology.

The concept of synthesis accurately reflects the nature of these new
instruments, which are both integrated and interactive, flexible and dynam-
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ic. Likewise, it embodies increased speed in handling and transmitting data,
as seen in faster means of communication (sms, e-mail) and the greater
quantity of information exchanged as a result of data compression (by
means of specific algorithms).

The Internet is one of the greatest manifestations of the digital era.
Connecting through the web annuls distance, bringing together remote loca-
tions in business (e-commerce, on-line shopping, on-line conferences) and in
services for the citizen (outsourcing, tele-medicine, home banking).

In digital format, data are easy to handle and can be compressed without
undergoing any alteration in their contents. Bits enable a vast wealth of infor-
mation to be contained in small space, as in the case of digital libraries (on-
line or stored in memory devices such as CD-ROMs). High resolution, as evi-
denced by the ability to record or reproduce the finest details, is achieved in
both music and images. Indeed, CD-ROMs offer clearer and more subtly
nuanced sound reproduction than the old vinyl records; similarly, digital
images achieve greater definition than traditional photography. Another par-
ticular feature of digital applications is that of stability over time; CD-ROMs,
for instance, conserve their performance quality longer than vinyl records do.

The History of Digital Technology

The digital revolution is rooted in the distant past. In the 18th century [3],
French artisans were experts in weaving elaborately decorated cloth. The
looms used in this process were ‘programmed’ by means of a method that
was perfected by Joseph Jacquard at the beginning of the 19th century.
Jacquard used punched cards, in which the holes served to position the
threads according to a precise design. Each hole allowed a hook with a
thread attached to it to be inserted into the design. Where there was no hole
in the card, the hook could not pass through, and the corresponding
coloured thread could not therefore be inserted into the weave. A punched
card was provided for each single operation, and the whole set of cards con-
stituted the complete programme of the weaving process.

Jacquard’s punched cards were taken up by the manufacturers of calcu-
lating machines. In 1890, the census taken in the United States was carried
out with the aid of calculating machines designed by Hermann Hollerith,
who had adapted the system of punched cards to meet the specific needs of
the census. Hollerith added an electrical device to detect the presence of per-
forations in the cards. The data collected in the census were analysed in a
tenth of the time that the previously used method would have taken. This
success prompted Hollerith to seek other applications for this technology; he
founded a company for the production of accounting machines, which sub-
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sequently became the International Business Machine (IBM) Corporation.
After 1937, punch-card technology, together with the electrical mecha-

nisms designed by Hollerith, proved to be so efficient that many engineers
suggested combining it with the more recent model of calculating machine
that was being designed by Howard Aiken, a professor of applied mathemat-
ics at the University of Harvard. Aiken drew up a plan to develop mechanical
calculators that could work on mathematical problems in a sequential man-
ner. Subsequently, with the support of the International Business Machine
Corporation and the University of Harvard, and with the help of four co-
workers from IBM, he built the first modern computer. Named Automatic
Sequence Controlled Calculator (also known as the Harvard Mark I
computer), this machine was unveiled at Har vard in August 1944.
Instructions and data were fed into the computer by means of a punched
paper tape. The digital logical components were constructed on the basis of
electrical, electronic, and mechanical principles, while the operations were
controlled by means of switches and relays. The Mark I was capable of per-
forming 200 additions per minute, and could work out sines and cosines in
about one minute. Compared with modern computers, this machine was
huge and somewhat limited in terms of speed and flexibility. Nevertheless, it
was the first machine that truly possessed all the characteristics of a modern
computer.

The first electronic computer suitable for generic use was built in 1946 by
Eckert and Mauchly of the University of Pennsylvania. The rapid-response
electronic components used in their ENIAC (Electronic Numerical Integrator
and Computer) enabled two 10-digit numbers to be multiplied in 30 ms – a
hundred times faster than the Mark I. The ENIAC was made up of 18 000
valves and 6000 switches so that it could perform 5000 additions per second.
It was a huge machine, occupying the entire perimeter of a 9 x 15 m room,
weighing 30 tons and requiring 80 fans to prevent its components from over-
heating.

Technological progress in electronics continued to gather speed. In the
1960s and 1970s, when computers became capable of high-powered calcula-
tion, digital signal processing (DSP) began to open new doors in the world of
science.

In many cases, the signals that are of clinical and scientific interest are
produced by sensors that detect seismic vibrations, images, sound waves, etc.
DSP is a fusion of mathematics, algorithms, and the techniques used to
analyse these signals once they have been converted into digital form. This
analysis may have various objectives, such as image enhancement, speech
recognition and generation, or data compression for transmission and stor-
age.

The sectors in which DSP technology now find application are many and
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various, as are the objectives for which it is used:
• Space sector: enhancement of images from space, data compression,

analyses of data from space probes using ‘smart’ sensors.
• Commercial sector: compression of sounds and images for multi-media

presentation, special effects for films, video conferences.
• Telephone sector: compression of voice and other data, echo reduction,

signal multiplexing, filtering.
• Military sector: radar, sonar, encrypted communication.
• Industrial sector: oil and mineral prospecting, process control and moni-

toring, non-destructive testing, CAD and design instruments.
• Scientific sector: seismic recording and analysis, acquisition of various

types of signal, frequency analysis, modelling and simulation.
• Medical sector: diagnostic imaging (computerised tomography, nuclear

magnetic resonance, ultrasonography), image storage and retrieval, elec-
trocardiographic and encephalographic analyses [47].

The Analog and the Fully Digital Pacemaker

The Analog Pacemaker

Standard stimulators are only concerned with establishing whether or not
the endocavitary potential is present; no attempt is made to evaluate it quali-
tatively. The signal that the pacemaker receives from the lead is an analog
electrical signal; that is to say, it is a signal which varies over time. The ana-
log signal can assume any of the infinite values encompassed within a cer-
tain interval. Proper functioning of the pacemaker and the delivery of appro-
priate stimulation therapy depend exclusively on the exact detection of the
intrinsic cardiac signals – when they are present, of course.

In order to achieve good sensing, the hardware of the pacemaker is
equipped with filters that screen out useless signals, while the software pro-
vides a range of parameters, such as refractory period, blanking period, sen-
sitivity and polarity of sensing, in order to mask or avoid the detection of
undesired signals. The refractory periods and the blanking periods do not
eliminate the problem of the disturbance which is added to the useful signal;
they simply prevent the device from ‘seeing’ it, which, in itself, is incorrect. In
reality, the device should always be able to ‘see’ and to interpret the cardiac
rhythm in real time. In spite of the filters and careful programming of the
pacemaker, the difficulty of correctly detecting the signals remains the weak
point of the system and reveals the limits of the technology currently in use
in cardiac stimulators, which handles the signals analogically.

Pacemakers utilise very little of the information contained in the intracar-
diac signal. Indeed, illustration of how the input signal into the pacemaker is
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processed in an analog system reveals that this is the only information utilised.
The signal passes through an analog amplifier, which increases its ampli-

tude. The amplified signal passes through an analog filter that screens out
the undesired components and lets the useful ones through. Thus amplified
and filtered, the signal reaches the sensing circuit, where a comparator com-
pares it with a threshold value determined by the sensitivity programmed.
The sensing circuit is of paramount importance, in that all decisions regard-
ing the pacemaker’s stimulation therapy are based on the output from this
unit. The device decides whether to deliver the impulse, to switch the mode
of stimulation, or to activate one or more of the many functions available,
solely on the basis of sensing. Without the sensing circuit, the pacemaker
would simply be a generator of electrical impulses.

Once sensing has been carried out, the rest of the information contained
in the signal is lost, that is to say, it is not utilised, except for periodic mea-
surements of the amplitude of the atrial or ventricular signal. The signal
provides information only when it exceeds the sensing threshold (pro-
grammed sensitivity), thereby allowing the pacemaker’s microprocessor to
calculate the cardiac cycle and to establish which pacing therapy to activate.
Of the morphology of the signal, nothing remains. Some pacemakers memo-
rise intracardiac signals (EGM) only for diagnostic purposes. This memori-
sation is ‘passive,’ in that the device does not utilise the signal to ‘decide’
which therapy to deliver.

Pacemakers based on analog technology do not have the necessary equip-
ment to ‘read’ the morphology of the signal; they cannot therefore discrimi-
nate between a sinus P wave and a retrograde P wave, a tachyarrhythmia or a
ventricular far-field wave. With analog technology, cardiac events are classi-
fied solely on the basis of the time lag between consecutive sensing events.

The Fully Digital Pacemaker

The term ‘digital’ must not be confused with ‘electronic.’ The pacemakers in
current use receive analog signals, which are detected analogically.

DSP technology, as applied to cardiac stimulators, may be regarded as the
digital processing of intracardiac signals [8-10]. And this is the great innova-
tion: the input signals entering the pacemaker are converted into digital
form before any decision is taken as to the appropriate therapy to be deliv-
ered!

A digital signal is one that assumes a quantifiable number of values in a
certain interval (meaning that the values can be counted). Unlike the analog
signal, which is continuous, the digital signal is discrete.

In order to convert an analog signal into a digital one, its value needs to
be measured at regular time intervals (sampling). The result of this sampling
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is a sequence of numerical values – graphically, a sequence of equidistant
points along the time axis. The profile of the original signal is reconstructed
by ideally joining up the points obtained. The number of points, and there-
fore the degree of resolution, depends on the sampling frequency, i.e. on the
number of measurements taken during a given unit of time.

Once the intracardiac signal has been converted into digital format, the
pacemaker has to be equipped with the capability to ‘read’ the information it
contains, just as a cardiologist is able to interpret the cardiac events recorded
on an ECG. The task of enabling the pacemaker to read and put together the
information yielded by the morphology, amplitude, and duration of the digi-
tal signal is left to the software designers.

The first stage is a standard amplifier that serves to increase the ampli-
tude of the signal in order to make it compatible with the digital conversion
system: from this stage on, every analysis of the signal is based on software
algorithms. The signal is converted into digital form by means of an analog-
digital converter, which samples the input signal. The quality of the sampled
signal depends on the sampling frequency, that is to say, on the number of
samples taken per second. A high sampling frequency means high resolu-
tion, high quality of the reconstructed signal, and therefore reliability.

With DSP technology, all data are in numerical format and can be used by
a high-speed microprocessor in the pacemaker to process and bring together
information of clinical and technical interest. The results obtained have a
direct bearing on the optimisation of the follow-up in terms of quality, time,
and reliability, in that the stimulator can provide more reliable diagnostic
and therapeutic suggestions [11].

Clinical Benefits

With the increasing number of applications for devices for bradycardia,
tachycardia, and non-conventional applications, the complex arrhythmias
and signal morphologies present a challenge to analog-based systems. It
become evident that digitising of these signals opens a new word of opportu-
nities. Inappropriate classification of cardiac signals by a device leads DSP
may offer reliable recognition of local versus remote signals. In ICD therapy,
electrogram morphology discrimination offers an additional approach to
improve discrimination of supraventricular tachyarrhythmias from ventric-
ular tachycardia.

Further automation of many pacemaker functions can be realised. This is
especially true for automation of programmable parameters related to tech-
nical functioning of the device, relieving physicians from time-consuming
procedures.
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Conclusions

The advent of digital technology in implantable cardiac stimulators will
open up new frontiers for the automatic analysis and diagnosis of endocar-
dial signals. This will dramatically increase the reliability of the therapies
delivered and the amount of information that can be processed and stored
for clinical and scientific purposes. In the next few years, we can expect spe-
cific algorithms to be developed for morphological discrimination of the far-
field R-wave in the atrium and the retrograde P-wave. The use of blanking
periods will gradually be phased out, since the system will instantly classify
what it receives from the implanted electrodes, without needing to mask
undesired signals. Such devices will really and continuously monitor every
cardiac event.
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What Are the Benefits of Morphological Signal Analysis Using

Digital Technology?

R. TUKKIE

Digital technology is all around us. However only since the late 1970s has
digital technology been incorporated into cardiac pacemakers. Memory, cir-
cuits, and counters became larger, faster, and more accurate. Improvements
in sensor-driven pacing, dual-chamber pacing, and specific algorithms such
as mode switching and overdrive pacing were made possible because of the
advances in digital technology. The first microprocessors in cardiac pacing
were introduced in the DGP-1 platform made by Vitatron b.v. (Arnhem, The
Netherlands), the same company who recently introduced digital signal pro-
cessing (DSP).

Standard pacemakers will amplify the intracardiac signal, then filter the
signal using high- and low-pass filters, after which the signal is sensed by the
pacemaker if it exceeds a certain programmable threshold. However, the true
morphology of the signal is no longer present after this process and a certain
amount of information is lost. Classification of intracardiac events and
events of extracardiac origin based on timing and morphology is not possi-
ble in these analogue devices. Filters and blanking periods are a suboptimal
solution to this problem. This may result in serious adverse events for the
pacemaker patients such as undersensing of atrial arrhythmias.

In the new digital pacemakers, DSP will process the analogue electrical
signals coming from the heart (atrium or ventricle) into a digital format.
After digitising the intracardiac signal, the pacemaker will use specially
designed algorithms to make certain decisions or discriminate between sig-
nals from different origins. To sample a signal reliably, a very high sampling
rate has to be achieved. The current DSP platform samples at a rate of 800
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samples per second, allowing reliable description of the signal in which all
relevant information is contained. After the signal is digitised by the ana-
logue-to-digital converter, flexible filters are used to yield the components of
the intracardiac signal, which are of clinical interest. The main engineering
challenge consisted of designing a DSP circuit without increasing the power
consumption. This has been achieved in the currently available commercial
digital pacemakers.

Now that we have DSP, numerous opportunities arise which will make
pacing more physiological and reliable. The first application, which is cur-
rently being evaluated, is discriminating far-field R waves (FFRW) from true
atrial signals. FFRW are usually managed by extending the post-ventricular
atrial blanking period. However, by doing so, we increase the risk of 2:1 sens-
ing and tracking of atrial tachyarrhythmias. In addition, FFRW sensing may
result in false detection of atrial tachyarrhythmias, leading to unnecessary
mode switches with loss of atrioventricular synchrony and incorrect diag-
nostic counters for atrial tachycardias and atrial fibrillation. A recent study
by Van Hemel et al. demonstrated that a novel DSP algorithm reliably sepa-
rated FFRW from P waves [1]. Data from 100 bipolar and unipolar intracar-
diac atrial recordings from 31 patients were collected during pacemaker
replacement and analysed off line. Sensitivity and specificity of FFRW detec-
tion were 99.3% and 100%. Moreover, no P waves were falsely classified. The
DSP algorithm is therefore capable of preventing false mode switches.
Further studies are on their way using data collected from implanted pace-
makers during 24-h external Holter recordings and bicycle exercise. These
results will provide further information on the accuracy of this specific DSP
algorithm, and ultimately this algorithm will be incorporated in future
devices.

Looking to the future, it seems that the future is digital. Numerous oppor-
tunities arise from digital signal processing, not only in pacemakers but also
in implantable cardioverter–defibrillators (ICDs). New applications of digital
morphology discrimination could be the discrimination of fusion beats,
especially in auto-capture devices. Improved sensing of supraventricular
tachycardias in ICDs could reduce the incidence of inappropriate therapies,
thereby greatly improving patient quality of life and the acceptance of ICDs.
In the coming years many of these new applications will find their way into
clinical practice.
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How Can New Technologies Help Make Follow-Up Easier?

V. LEONHARDT, C. VAN GROENINGEN

Introduction

In the Western world, health care budgets are increasingly under pressure.
With an increasingly older population, more people require more medical
care. In addition, medical standards have become higher and people are
remaining active longer and thus expecting better care. At the same time, the
relative number of people working is decreasing.

In the USA, the number of implantations of cardiac device has increased
by 7% per year, from 294 000 in 2001 to 401 000 in 2005 (pacemaker, ICD,
and CRT devices combined) and the number of follow-ups (FUs) doubled in
the same period. This rise in FUs translates into an increasing burden on
individual clinics and especially on specialised centres. For example, in our
clinic the number of implantations rose dramatically, from only 46 in 1999 to
385 in 2004, and we have now 6500–7500 FUs per year. The ever-growing
demand on medical care therefore calls for new technologies to be developed.

Increasing Follow-Up Burden

A pacemaker implantation and more specific dual chamber systems seem to
be cost-effective treatments. The reimbursement of an implantation renders
a profit when cost for staff and materials are deducted. However, clinicians’
reimbursement for FUs does not counter-balance the costs of an average 5
years of FU. This is a growing financial problem for the clinic.
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One of the reasons that FUs are a problem is that, over the years, pace-
makers have become increasingly complex. In the late 1970s, pacemaker
memories were small and only a few parameters were stored. With increas-
ing memory size, counters were added to basically store sensed and paced
events; as sensing circuits remained analog and pacing therapies remained
simple, there was no extra information to store anyway. Pacemaker FUs thus
consisted of simply checking the functionality of the pacemaker device.

The introduction of microprocessors (DPG-1, Vitatron Medical), in 1981,
created the possibility to make intelligent decisions based on rate and
rhythm information. Simultaneously, more data could be stored, and Holters
and histograms were added that stored more clinically relevant data over
longer periods of time. This meant that during FU this clinical data had to be
analysed and interpreted in order to optimise pacemaker therapy.

Over the years, memory size has continued to  increase (more counters,
Holters, and histograms) and information about relevant arrhythmic
episodes can be stored as markers or, currently, as digitally stored IEGMs. All
these developments have led to an increase in time and effort needed to
carry out proper follow-up.

Digital vs Analogue Technology

In 2003, Vitatron introduced the world’s first fully digital pacemaker. In con-
ventional pacemakers, the analogue input is digitised in an analog/digital
(AD) converter to store the IEGM, but for event sensing only the analogue
signal is used. In fully digital devices, the analogue input out of the heart is
amplified and then digitised. All subsequent steps, filtering, event detection,
IEGM storage, and signal analysis, are performed on this digital signal (Fig.
1). Digitisation allows digital signal processing (DSP) in pacemakers, a tech-
nology that has been used in many types of electronic equipment available
for the consumer for more than 15 years and which includes CDs, mobile
telephones, and handheld cameras to mention a few. This is equipment that
requires many times more energy than is available in pacemakers. A mobile
phone has a battery capacity of 0.72 mA that lasts about 1 week with the
typical current consumption of 4.2 Ah. A pacemaker battery has nearly dou-
ble the capacity (1.36 mA), but it is of course unacceptable to change pace-
makers every 2 weeks. It therefore was an impressive engineering feature to
make DSP possible while maintaining an acceptable life span for the pace-
maker. For a life span of 9 years, the power consumption had to be reduced
to 0.03 Ah.
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New Technologies Making Follow-Up Easier

The resulting digital pacemaker is able to analyse the cardiac signals based
on the morphology of the signal. Morphology analysis can be used to distin-
guish between PACs, retrograde, and physiologic atrial events, and to reduce
the detection thresholds without fear of noise, far fields, or muscle potentials
[1]. In the future, morphology will be used to reveal pathologies, for
instance, ischaemia.

The increased storage capabilities have added more data that must be
analysed at each FU. It could be considered that in this aspect digital pace-
maker technology has brought the healthcare system from bad to worse.

Automaticities

To reduce FU duration, a number of basic pacemaker settings have been
made automatic or semi-automatic. Auto-sensing and auto-capture features
make cumbersome threshold testing at each FU redundant, thus freeing-up
FU time.

Long-Distance Follow-Up

Another development is long-distance FU. Pacemaker patients can check their
pacemakers at home, and in case disturbing diagnostics are detected an alarm
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Fig. 1. a Design of conventional pacemakers. The entire signal processing is done on the
analog signal. Only the IEGM is digital. b Design of digital pacemakers. The signal is
converted as soon as possible and all signal processing is done digitally
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is sent to specialised centres or the physician in attendance. In theory, this
reduces the FU burden because patients only come to the clinic for FU when
required. However, in practice, it is yet not totally clear which problems require
the attention of a physician, and patients are often referred to the clinic ‘just in
case’, thereby increasing the FU burden. Of course, it is expected that in-home
analysis will improve as the systems performing the analysis mature over time.
An example of an expert system having this potential is the Therapy Advisor –
although currently it is only available for use in the clinic.

Therapy Advisor

In light of clinicians’ limited time available for FUs, it is annoying to realise
that a lot of FU time is spent on interrogating and adapting pacemaker set-
tings that are important for the proper functioning of the device itself and
its collection of clinically relevant data. This is a problem especially with the
devices of atrial fibrillation patients. FUs should be about patient manage-
ment and diagnostics about their treatment.

To handle the problem of the complicated and time-consuming interpre-
tation of the large amount of pacemaker data, Vitatron developed the
Therapy Advisor, which is an expert system that, in the time needed to inter-
rogate the collected diagnostic data from the pacemaker, analyses the data
for clinically relevant information. It identifies clinical issues, guides the
physician to the specific diagnostics for evaluation if desired, and provides
programming recommendations. By guiding the physician through these
complicated issues, he or she can focus on important clinical questions and
take care of them during the limited FU time.

Evaluation of the Therapy Advisor

Currently, two studies are in progress to evaluate the performance of the
Therapy Advisor and physicians’ satisfaction with its use: the C-STAR and
the T-STAR registries. Both registries are international, multi-centre,
prospective Post Marketing Studies aimed at gathering data related to the
usefulness and appropriateness of the Therapy Advisor.

C-STAR was the first study and it focuses on the general diagnostics; the
focus of T-STAR is atrial tachycardia.

C-STAR [2]

Methods

In the C-STAR registry, all patients with a class I or class II pacing indication
and a Vitatron C-series pacemaker are included. Physicians follow each
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patient per normal practice. Each of the patients receives the standard of
medical care that is typically provided by the investigator with respect to
device FU, management of co-morbidities, etc. The registry does not require
specified FU visits. However, in order to have the patient’s data contribute to
the study objectives, the data of at least two follow-ups within a different
time frame in the first 12 months following discharge are required.

In the first inter im analysis, data use was limited to the
enrolment/implant, 2-month FU, and 6-month FU, and the data passed all
validation levels. Patients were only included in this interim analysis if both
the CRF data and diskette data were available for a FU. This resulted in 96
patients with a 2-month FU being analysed and 33 of these with an addition-
al 6-month FU.

The interim analysis focuses on the opinion of the clinician regarding the
helpfulness of the Therapy Advisor in assessing the patient’s condition, mak-
ing an efficient FU, and optimising pacemaker programming and drug regi-
men.

Results

The most common diagnostic observations generated by the Therapy
Advisor are listed in Table 1. The total number of messages was 169, with
131 messages for the 2-month FU (n = 96) and 39 messages for the 6-month
FU (n = 33). Since it is possible for the Therapy Advisor to generate more
than one message per patient, this resulted in a percentage for both the 2-
month FU and the 6-month FU of more than 100%.

The investigators’ opinions about the helpfulness of the Therapy Advisor
in assessing the patient’s condition were positive to neutral; only 11.6% were
negative. Within the group of patients with both a 2- and a 6-month FU, the
percentage of positive-minded investigators increased from 36.4% at the 2-
month FU to 72.7% at the 6-month FU.
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Table 1. The five most common Therapy Advisor (TA) messages

Frequency of follow-up
Message All FUs 2-months 6-months 

(n = 129) (n = 96) (n = 33)

TA has nothing significant to report 68 48 (50%) 20 (61%)

Fast V rhythm detected 31 25 (26%) 6 (18%)

High sensed atrial rates 21 18 (19%) 3 (9%)

Retrograde conduction detected 14 8 (8%) 6 (18%)

P-wave sensing problem suspected 12 10 (10%) 2 (6%)



With regard to whether the Therapy Advisor helps to optimise program-
ming, the pacemaker investigators were mostly neutral (48.1%). Between the
2- and 6-month FU, the negative responses decreased, from 18.2% to 3.0% in
favour of positive responses, which increased from 18.2 to 42.4%.

About optimising the drug regimen, most investigators were neutral
(56.6%). Negative scores decreased from 27.3% to 18.2% when 2- and 6-
month FUs are compared.

Finally, regarding FU efficiency, physicians were again positive to neutral
(50% and 31%, respectively.) The number of positive answers increased from
36% at the 2-month FU to 67% at the 6-month FU.

In a large number of cases (50–60%), the Therapy Advisor had nothing
significant to report, and the opinion of physicians about the Therapy
Advisor in assessing the patient and FU efficiency in these cases was also
analysed. For patient assessment, more than 30% of physicians were negative
after the 2-month FU, with not a single one positive. At 6 months, there were
no negative opinions and almost 80% were positive. The same holds for FU
efficiency: the almost 25% negative answers at 2 months disappeared at the
6-month FU whereas the positive answers increased from 25% to almost 60%
(Fig. 2).
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Fig. 2. Physicians satisfaction: compared at 2- and 6-months FU physicians are clearly
more satisfied about the helpfulness of the Therapy Advisor in assessing the patient and
improving FU efficiency



Discussion

The majority of investigators rated the contribution of the Therapy Advisor
in assessing the patient and making the FU more efficient neutral to positive.
Over time, trust in the Therapy Advisor increased, as indicated by the
increase in investigator satisfaction between the 2- and 6-month FU. This
increase was particularly observed for assessment of the patient’s condition
and making the FU more efficient. Increased trust is also indicated by the
higher satisfaction with the message ‘Nothing significant to report’ during
the 6-month FU than at the 2-month FU. Apparently, the investigators did
not trust the message in the beginning and felt that it was necessary to col-
lect all diagnostic information. After doing this a couple of times, the physi-
cians learned that the message was useful and reliable.

This, it appears that, as investigators use Therapy Advisor over time, they
become acquainted with its features and increasingly appreciate its useful-
ness.

Conclusions

Pacemaker follow-ups are a burden for health budgets in general and for the
clinic in particular. A reason for this is that during the last several years
pacemakers have become increasingly complicated and able to store greater
amounts of data. Programming the pacemaker properly and analysing the
collected data for clinically relevant details have likewise become more com-
plicated. Consequently, a new field of relevant diagnostics was needed to
cope with the increased demands of digital pacemakers on clinicians’ time
during patient FU.

New technologies can bring solutions. In the case of pacemakers, auto-
maticities are taking increasing care of checking and re-programming basic
functions, such as sensing and pacing thresholds. Long-distance FU have
made it possible to spare patients coming to the clinic on schedule ‘just in
case,’ so that they now are able to come only when required. This is a promis-
ing technique although it still requires adjustment. The Therapy Advisor is a
next step. It analyses all the data collected by the pacemaker, directing the
physician to the clinically relevant issues. Again, this is a field under develop-
ment but the interim results of the C-STAR registry show a high degree of
satisfaction among physicians and a growing acceptance and trust in this
new technology. New technologies such as the Therapy Advisor thus allow
the physician to forget the technique behind the pacemaker and focus on the
clinical aspects of the pacemaker patient.

615How Can New Technologies Help Make Follow-Up Easier?



References

1. van Hemel NA, Wohlgemuth P, Egbers JG et al (2004) Form analysis using digital
signal processing reliably discriminates far-field R waves from P waves. PACE
27:1615-1624

2. Schuchert A (2004) C-STARegistry. In: Proceedings of the 11th international sym-
posium on progress in clinical pacing. Centro Scientifico Editore Rome p 5

3. Love CJ (2004) The digital pacemaker. PACE 27:707–708

616 V. Leonhardt, C. van Groeningen



Interference of Cellular Phones and Metal Detectors With

Pacemakers and ICDs: Still a Problem?

E. OCCHETTA, L. PLEBANI, M. BORTNIK, P. MARINO

Electromagnetic interference (EMI) may affect the behaviour of some med-
ical electrical equipment, including cardiac pacemakers and implanted car-
dioverter-defibrillators (ICDs) [1]. EMI occurs when an electronic device is
subjected to any electromagnetic field with an amplitude higher than the
interference threshold. The effects on the device depend on the energy of the
electromagnetic signal interfering with the normal function of the electronic
circuit, with the following possibilities:
− A temporary malfunction
− An alteration of the device during exposure to interference
− A permanent alteration of the circuit due to the interference

Electromagnetic fields may be of various natures, and their ability to
interfere with the electronic device depends mainly upon two factors:
− The frequency range of the electromagnetic field – either the carrier or

its modulation – which may fall within the operative range of the device
− The power of the electromagnetic wave, which, when relevant, can modify

the behaviour of the active device
Nowadays there are multiple sources of environmental EMI signals, e.g.

metal detector gates (airports, supermarkets, jewellers, banks, etc.), which
may generate dangerous electromagnetic fields; however, while some authors
[2, 3] have reported no interference with pacemaker functioning, other stud-
ies [4–7] have found interference, sometimes significant.

In the Spiced Teas study [7] interactions between acoustomagnetic elec-
tronic article surveillance gates and pacemakers have been reported for vir-
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tually all the pacemakers tested (50 patients, 6 different types of pacemak-
ers). Interactions included asynchronous pacing, atrial and ventricular over-
sensing, and even paced beats resulting from the direct induction of current
in the pacemaker. Other modern applications have also been investigated,
such as automatic toll payment radiofrequency systems: in this case no inter-
ference effect on pacemakers was found [8].

Although the effects of electromagnetic interference on cardiac pacemak-
ers have been widely studied, there are still many perplexities about the con-
sequences on more sophisticated devices such as ICDs. Fetter et al. [9] evalu-
ated the electromagnetic interference generated in a working environment
by large welding machines and motors on patients with implanted ICDs;
they did not observe any interference with normal ICD functional operation.

The Spiced Teas study [7] has reported the absence of interference
between electronic article surveillance devices and correct functioning of
ICDs. The authors suppose that this immunity to electromagnetic interfer-
ence is due to complex detection algorithms and programmable rate cut-off
parameters, which of course are not present in pacemaker sensing systems.

Mathew et al. [10] and McIvor [11], on the other hand, have reported
inappropriate discharge of ICDs as a result of exposure to electromagnetic
interference from electronic article surveillance devices, perhaps because of
complex interference between arrhythmia detection and automatic gain
control.

In 1989, Karson et al. [12] reported a case of inadvertent ICD activation
by a magnet located in the loudspeaker of a stereo system. Other anecdotal
reports have been published of inappropriate ICD shocks caused by EMI
from a magnetic bingo wand [13], remote controls of toys [14], slot machines
[15], and an electric razor [16]; in this last case, EMI was caused by defective
insulation of the electrode and could not be evoked with an intact electrode.
Most of the previous reports of EMI in ICDs involved earlier, less sophisti-
cated devices with epicardial screw-in sensing leads. Theoretically, endocar-
dial leads should be better protected from EMI, because of both the spatial
orientation of the endocardial bipole and the endocardial location itself [17].

Another common medical source of EMI is transcutaneous electric nerve
stimulation (TENS), a widely used method of relieving various muscu-
loskeletal pains. Several well-documented cases of spurious shocks triggered
by TENS application in patients with a variety of lead configurations and
sensing algorithms have been described [18, 19].

An ever more common source of electromagnetic waves in today’s envi-
ronment is cellular phones; they may be clinically relevant sources of EMI
and may affect pacemaker and ICD function [20–23]. Patients with an
implanted pacemaker or ICD are so alarmed at the interference phenomenon
that there have been urgent calls for studies to evaluate the problem [24–29].
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Currently there are no standards prescribing limits for pacemaker com-
patibility. The IEC standard 601–1-2 [30] is not adequate, recommending
testing with an electric field of 3 V/m modulated sinusoidally with 1 KHz
when digital mobile phones with 2 W output may produce up to an ampli-
tude of 120 V/m at a 2 cm distance [20]. There is an European standard to
which pacemakers designers conform, named EN 50061/A1 [31]. This norm
specifies voltages as a function of frequency below which (30 MHz) pace-
makers must function undisturbed. Although the standard of 30 MHz does
not cover the mobile phone frequencies, Irnich [20] found that most pace-
makers were resistant to 2 W digital GSM (Global System for Mobile
Communication) fields, suggesting that most manufacturers have developed
resistant models without having mobile phone compatibility as a design cri-
terion.

Cellular phones may be divided in two different systems utilised in
Europe and North America:
1. Analogue transmission: transmission passes through a continuous wave

which has modulation variations in frequency. The carrier frequency in
this system may be about 450 MHz (NMT 450) or around 900 MHz
(NMT 900, European TACS, and American FDMA).

2. Digital transmission: several simultaneous conversations are allowed on
the same line; to do this, a carrier frequency of around 900 MHz for the
European GSM system and 800–900 MHz for the American NADC,
TDMA, and CDMA systems is coded. In digital transmission systems the
signal is coded and modulated at a frequency which on the GSM system
is around 217 Hz. The system also has an energy saving mechanism,
called DTX, which is activated when the user is in the listening mode,
with an additional modulation of 2 Hz and 8 Hz.
All these systems operate on a power of 0.6–1 W in the USA and from 20

mW to 2 W in Europe, with a mean value of 0.8 W. It is, therefore, theoreti-
cally possible that a mobile phone operating near enough to a pacemaker may
cause interference in its working condition. Numerous studies have been car-
ried out on this matter both in vitro [25, 32] and in vivo [27, 28, 33–36], which
discuss the question of the significance and nature of the interference: briefly,
it was shown that interference was around 20–30%, always with the telephone
in close proximity, within 20 cm. In the majority of cases the interference was
considered insignificant, with brief inhibition, conversion to asynchronous
mode, and synchronisation of atrial-triggered stimulation; in each case inter-
ference took place when the phone was placed on the pacemaker itself, the
sensitivity of the pacemaker was at its maximum, the device used GSM digital
technology, and interference occurred almost exclusively when the phone was
in the calling or receiving mode.
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Less clear is the question of interference by cellular telephones in the
operation of more sophisticated devices such as the ICDs [23, 24, 26, 29]. An
electromagnetic field interfering with an ICD may alter its working mecha-
nisms in the following ways:
− By not allowing for correct recognition of an arrhythmia (undersensing),

resulting in failure to deliver cardioversion or defibrillation therapy
− By generating false recognition of an arrhythmia (oversensing), which

may induce inappropriate delivery (most uncomfortable for the patient),
or may even induce a serious arrhythmia such as ventricular fibrillation

− By inhibition of pacing, which of course may be very dangerous after
shock delivery.
The few data presently available indicate that shielding by the body is an

important element of protection from external interference [26]. Bassen et
al. [37] documented an in vitro inappropriate delivery of therapy induced by
digital telephone signals. In vivo studies by Chiladakis et al. (36 patients)
[26], Stanton et al. (25 patients) [38], Wilke et al. (50 patients) [39], and
Altamura et al. (200 patients) [40] investigated different types of telephones,
analogue and digital. They found that no interference was produced when
the telephone antenna was kept directly over the ICD, and there was no inter-
ference effect on recognition of induced ventricular fibrillation, pacing/sens-
ing functions, or telemetry data.

Notwithstanding these findings, some ICD today are equipped with spe-
cial filters which may reduce EMI from mobile telephones. Interesting results
emerged when these filters were tested on pacemakers and ICDs [41]. A pre-
vious study by ourselves [29] evaluated quite a large cohort of ICD models
on today’s market. Using either analogue (TACS) or digital (GSM) European
phone systems, patients were monitored by means of surface ECG and tele-
metric intracardiac electrogram with sensing markers, using an identical
protocol for each group (Fig. 1):
1. Telephone in direct contact with both the ICD and the programming

head of the programmer
2. Telephone in direct contact with the ICD alone (head of the programmer

moved away)
3. Telephone positioned in the area of the pacing/sensing ventricular lead
4. Telephone held in patient’s hands

Following manoeuvres were carried out for each position:
1. Telephone in receiving and calling mode (frequency around 900 MHz)
2. Telephone in active conversation (speaking, frequency around 900 MHz

modulated at 217 Hz)
3. Telephone in passive conversation mode (listening, with activation for

the digital transmission phone of the discontinuous transmission mode –
DTX – frequency modulated at 2–8 Hz)
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In no patient there was any interference induced by the electromagnetic
field from a cellular phone causing false arrhythmia recognition, even under
the maximum limit condition, with the telephones placed in direct contact
with the ICD. Conversely, for both the analogue and the digital system, con-
stant interference on telemetric transmission between the programmer and
the ICD was observed when the phone in receiving or calling mode was in
direct contact with the telemetric head. Sometimes the interference was so
great to cause loss of telemetric monitoring of the intracardiac ECG, even if
there was no inappropriate reprogramming.

In a subgroup of five patients, we also evaluated the presence/absence of
interference caused by cellular phones during ventricular arrhythmia induc-
tion and recognition. There was no evidence of interference with arrhythmia
detection. The implanted system recognised the arrhythmia correctly and
appropriately delivered a defibrillation shock. No difference was observed
when we compared timing of ICD discharge with cellular phones operating
versus inactive (Fig. 2).

621Cellular Phones, Pacemakers and ICDs

Fig. 1. Protocol of cellular phone evaluation: 1 the telephone in direct contact with both
the ICD and the programming head of the programmer; 2 the telephone in direct con-
tact with the ICD alone (head of the programmer moved away); 3 the telephone posi-
tioned in the area of pacing/sensing ventricular lead; 4 the telephone placed in the
hands of the patient



Conclusions

1. Patients with an implanted pacemaker or ICD may safely use a cellular
phone, provided they do not use it in closer range than 20 cm to the
device when in receiving and conversation mode. This means: it is advis-
able for the patient not to keep the cellular telephone in the breast pocket
of his/her jacket, on the same side as the device.

2. Use of a cellular telephone could be permitted, even in cardiac environ-
ments where programming and telemetric checking up of pacemakers
and defibrillators is being carried out, if it is kept at least 1 m away from
electronic devices.

3. If the patient has a cellular telephone, it would be useful to determine any
possible interference effect on his/her own pacemaker/ICD in order to
give psychological reassurance and allow resumption of work in industri-
al facilities [42].
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Fig. 2a, b. Test performed during Defender ICD (Ela Medical) implantation. a During
the first ventricular fibrillation induction a GSM phone was active (ringing in receiv-
ing mode): the time before the 13 J shock was 7 s. b During a second ventricular fib-
rillation induction without GSM (phone OFF) the time before the shock was very
similar (8 s)

a

b
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Can Patients With Implanted Pacemakers/ICD Undergo

Magnetic Resonance Imaging?

S. SERMASI, M. MARCONI, M. MEZZETTI, G. PIOVACCARI

Introduction

Magnetic resonance imaging (MRI) is a rapidly expanding diagnostic tool
used in a wide range of clinical applications, such as oncology, musculoskele-
tal disorders, and pathologies of the central nervous and cardiovascular sys-
tems. About 35 million MRI studies are performed yearly worldwide [1]. In
addition, the use of innovative cardiac-device-based therapies, including
pacemakers and ICDs, with new indications for primary prevention of sud-
den cardiac death and heart failure, is also rapidly increasing, resulting in an
estimated 50–75% probability of a patient being indicated for an MRI over
the lifetime of their device. In the USA, about 200 000 device recipients
could have benefited from MRI in 2004 [2]. However, current pacemakers
and ICDs and their connected leads have not been designed to be MRI safe.
Moreover, there is a great difference among MRI scanners and devices, some
of which may be state-of-the-art but connected to old leads when newer
pacemakers or ICDs are replaced. Although the problem persists, MRI manu-
facturers’ are working with the Food and Drug Administration (FDA) in the
USA to modify the situation [3–7]. Nonetheless, current labelling for pace-
makers and defibrillators systems includes a warning against MRI proce-
dures for patients with such devices.

Background

The use of MRI in clinical practice has been gaining in popularity since the
early 1980s. At that time, there was concern that any implanted metal object

Department of Cardiovascular Diseases, Operative Unit of Cardiology, Infermi Hospital,
AUSL Rimini, Rimini, Italy



might be pulled out of the body or damaged by the very strong magnetic
field generated by MRI. However, both pacemakers and ICDs utilise nonfer-
rous metals, and there are no reports of devices being ripped out the body
[8]. In contrast, animal studies, in vitro and in vivo, and anecdotal reports on
humans have revealed several potential problems affecting the implanted
system when exposed to the magnetic fields generated by MRI.

Potential Risks

Several studies have addressed the potential risks of using MRI in patients
with pacemakers and ICDs. First, the magnetic field was shown to potentially
induce a current in the lead, causing rapid cardiac stimulation [7]; however,
since the applied currents are mostly subthreshold they are without clinical
consequences [9]. Second, the reed switch in a pacemaker or ICD does not
necessarily remain closed in response to strong magnetic fields (0.5, 1.5, 3.0
Tesla), and the state of the reed switch may not be predictable with certainty
under clinical conditions [8, 10]. Third, magnetic fields inhibit or trigger
pacemakers, resulting in patients having their ICD disabled during MRI or in
false detection of tachyarrhythmias, leading to inappropriate ICD interven-
tion [11]. Arrhythmogenic risks depend on scan parameters, patient, device
position [12–14], and the design of the device, i.e. modern devices are less
prone to the effects of MRI because of better built-in electromagnetic inter-
ference (EMI) protection circuitry [6, 15, 16]. Finally, MRI may produce con-
siderable heading at the tip of the lead and changes of pacing parameters in
long-term experiments [17–19].

Comments

When there is a strongly appropriate clinical justification for an MRI study
in a patient with a pacemaker or an ICD, general medical opinion is that
many possible risks can be avoided or managed by an expert clinical team,
appropriate device programming, and close monitoring of the patient both
during the scan and after the study.

While the FDA recognises that MRI is a very powerful diagnostic tool
that may be safe for application in pacemaker and ICD recipients, it will not
remove the warnings and contraindications for this population until there is
better knowledge of the mechanisms associated with the potential risks of
complications.

MRI safety for device patients is important and will become increasingly
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relevant with time. The majority of manufacturers are actively involved in
designing devices that do not interfere with a multiplicity of EMI generators,
including MRI [4–6]. The goal is the development of a truly MRI-compatible
device. In the meantime, one possible solution is to replace the pacemaker’s
wire cable with a fibre-optic lead and to use an implantable low-power semi-
conductor laser for sensing and regulating heartbeat [20].
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SYNCOPE:
EVALUATION AND THERAPIES



Syncope in Children and Adolescents: What Are the Peculiar

Features?

W. WIELING1, N. VAN DIJK1, K.S. GANZEBOOM1, J. P. SAUL2

Epidemiology

Syncope can be defined as a temporary loss of consciousness and postural
tone secondary to lack of adequate cerebral blood perfusion. The incidence
of syncope coming to medical attention is increased in two age groups, the
old and the young (Fig. 1). An incidence peak occurs around the age of 15
years, with the incidence in females being more than twice that in males [1,
2]. A lower peak occurs in older infants and toddlers, most commonly
referred to as ‘breath-holding spells’ [3].

The incidence of syncope in young subjects coming to medical attention
varies between approximately 0.5 and 3 cases per 1000 (0.05–0.3%) [2].
Syncopal events which do not reach medical attention occur much more fre-
quently. In a survey of students averaging 20 years of age, 20% of male and
50% of female students report having experienced at least one syncopal
episode [4]. By comparison, the prevalence of seizures in a similar age group
is about 5 per 1000 (0.5%) [5]. Cardiac syncope is even less common. The
most common cause of syncope in young subjects is reflex syncope and in
particular a vasovagal faint [2–4], which is diagnosed in about 80% of the
paediatric patients presenting with syncope [6].

Clinical Characteristics of Reflex Syncope

The term ‘reflex syncope’ is used to label a heterogeneous group of disorders
characterised by episodic vasodilation and/or bradycardia resulting in a transient

1Academic Medical Center, University of Amsterdam, Amsterdam, The Netherlands;
2Medical University of South Carolina, Charlston, SC, USA



failure of blood pressure (BP) control [7]. The circumstances surrounding reflex
syncopal events often include a change in posture, but may be associated with a
wide variety of common situations (Table 1) and physical factors. The more com-
mon forms of reflex syncope seen in young subjects are described below [1].
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Fig. 1. Frequency of fainting as a reason for encounter in general practice in the Nether-
lands. Data obtained from the general practitioners’ transition project in an analysis of 93
297 patient-years. Arrow indicates that a small peak occurs between 6 and 18 months of
age (breath-holding spells)

Table 1. Typical reflex syncope triggers

Prolonged standing, especially in combination with warm temperature, confined spaces,
or crowding (‘church syncope’)

Emotional circumstances, pain (e.g. venipuncture, sight of blood)

Fasting, lack of sleep, fatigue, menstruation, illness with fever

Micturition

Directly after intense exercise

Hyperventilation and straining (self-induced syncope)

Stretching, coughing

Standing quickly, arising from squat

Rapid weight loss

Certain medications, alcohol, and illegal drugs (must be distinguished from intoxication)



Vasovagal Syncope

A combination of peripheral arterial and venous vasodilation followed close-
ly by relative bradycardia is the most common physiological scenario
observed during syncope in young subjects [7]. Two clinical scenarios in par-
ticular are known to provoke vasovagal faints in the young. First are situa-
tions that increase pooling of venous blood, such as standing motionless.
The second are situations of intense emotion or pain.

The clinical presentation of vasovagal syncope varies widely both within
and among young patients. They often, but not always, experience prodromal
symptoms (Table 2). Episodes may occur without an identifiable trigger,
even in patients who are sitting or going about normal daily exercise. Events
that occur in these patients while supine in the absence of an emotional
stimulus are unlikely to be vasovagal [1].

Initial Orthostatic Hypotension

(Pre)syncope upon standing is observed much more commonly in the young
than in adults. Almost all teenagers and adolescents are familiar with feel-
ings of lightheadedness within a few seconds of standing up quickly, which
typically resolves spontaneously within 30 s [8]. The transient fall in pres-
sure is caused by vasodilatation in active muscles during standing up, and is
not seen upon a passive head-up tilt (Fig. 2). Patients with severe complaints
tend to be tall with an asthenic habitus and poorly developed musculature.
The mechanism underlying the excessive fall in pressure in these patients
remains to be established.
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Table 2. Typical premonitory symptoms of reflex syncope

Lightheadedness, dizziness

Palpitations

Weakness

Dimming or blurred vision

Nausea, epigastric distress

Feeling warm or cold

Facial pallor

Sweating, dilated pupils



Postural Orthostatic Tachycardia Syndrome

Postural orthostatic tachycardia syndrome (POTS) is defined by symptoms
of cerebral and retinal hypoperfusion and an excessive increase in heart rate
(HR) in the upright posture with a low normal arterial BP [9]. Reduced cere-
bral blood perfusion has been documented. In the average adolescent, an
increase in HR of more than 35 bpm or a rise to more than 120 bpm after 2
min of standing can be considered excessive [10].

POTS is more common in females, with a ratio of about 4:1. Actual loss of
consciousness occurs in a minority of the subjects. The prevalence of POTS
in the general population is probably low.

Fainting ‘Larks’

Hyperventilation decreases CO2, causing cerebral vasoconstriction and pre-
syncope. Straining impedes venous return and also decreases cerebral blood-
flow. These adjunctive influences, in combination with orthostatic stress,
have been applied by young subjects for self-induced fainting as entertain-
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Fig. 2. Changes in HR and BP in a patient with a history of 10 years of almost daily near-
syncope and occasional syncope upon standing up. Note the marked initial fall in finger
BP with lightheadedness on standing and right panel after head-up tilt, but not with
passive head-up tilt



ment or for avoiding an undesirable task, such as a school examination
(‘fainting lark’) [1].

Autonomic Failure

Primary global autonomic neuropathy as a cause of syncope is extremely
rare in young subjects. It has been reported in association with a variety of
syndromes [11] and may also occur in the setting of chronic diseases, or in
patients using vasoactive medications.

Breath-Holding Spells

Syncope may occur in toddlers during crying [2, 3, 7]. The spells have been
described in two varieties: pallid, which seems to be the result of sudden
transient asystole, typically after a short cry, and cyanotic after a more pro-
longed cry, which mechanism most likely is similar to the fainting lark, as
the hyperventilation of crying is combined with the straining of a prolonged
silent cry. The onset is typically between 6 months and 2 years of age, and the
spells are generally self-resolving by the age of 3–4 years. Though frighten-
ing, these spells have not been associated with serious outcomes such as sud-
den infant death.

Associated Syndromes

Psychogenic (Pseudo-syncope)

A conversion reaction is a rare cause of transient loss of consciousness, but
may occur in adolescents, especially females. The diagnosis should be con-
sidered when the number of events is high (up to several times a day) and
there is no associated physical injury. The duration of the unconsciousness is
often prolonged (10–30 min) despite a supine posture. During an episode,
the eyes may be tightly closed with a lid flutter, while during true syncope or
epilepsy the eyes are often open and deviated. An unusual posture may be
assumed. Passive lifting and dropping of an extremity rarely demonstrates
limpness or unawareness of pain [12]. When BP is monitored, it is normal or
elevated. Typically, patients use the events to (un)consciously avoid an
unpleasant emotional situation. Illicit substance abuse, in particular alcohol
and cocaine, are also associated with unexplained episodes of syncope.

Migraine

When related to the basilar artery, migraines can be a cause of syncope [12].
Although specific cerebral flow deficits have not been documented, prodro-
mal symptoms can suggest brainstem or cerebellar ischaemia. Attacks may
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start with bilateral visual symptoms, dysarthria, vertigo, diplopia, nystag-
mus, and/or ataxia, may progress to syncope, and may be followed by a more
typical migraine headache (not always present). Arterial pressure is typically
normal or mildly elevated. A (family) history of migraines is common both
in patients with syncope and in those with basilar migraine.

Diagnostic Evaluation

Basic Assessment

Reflex syncopal disorders have an excellent prognosis, but may have a dra-
matic impact on quality of life. Diagnosing these disorders, therefore, is of
great importance. A detailed patient and family history is the most crucial
part of the initial work-up. In young patients without known heart disease, a
typical history (Tables 1-3) combined with a normal physical examination
and ECG can be used to diagnose reflex syncope and to determine whether
the episode might be due to a non-syncopal condition or has a potentially
malignant aetiology. Physical exam should focus on the heart and BP. HR
and BP should be assessed with the patient in supine position and again
after 3 minutes standing.

Extended Assessment

History and physical examination should be used to guide the subsequent
diagnostic work-up. Otherwise, most tests are unlikely to produce diagnostic
results [13]. Ambulatory (loop) ECG recorders should be used in patients
with palpitations associated with syncope. Echocardiography should be
obtained when a heart murmur is present. When syncope occurs during
physical exertion, echocardiography and an exercise test should be per-
formed. Syncope occurring in the cool-down phase after exercise is likely to
be neural ly mediated, but should also be treated w ith suspicion.
Electroencephalography may be indicated for patients showing prolonged
loss of consciousness, seizure activity, or a significant post-ictal phase of
lethargy and confusion. Electrophysiological study has a minor role in pae-
diatric patients with syncope, but may be warranted if there is a high suspi-
cion of a tachyarrhythmia.

Tilt Testing

In patients with recurrent ‘atypical’ vasovagal or unexplained syncope, tilt
table testing can be helpful. Drawbacks of head-up tilt testing are the high
false positive and false negative rates. Tilt testing is therefore not the most

638 W. Wieling et al.



appropriate tool for diagnosing patients with vasovagal syncope, but may be
reassuring and instructive to the patient. In patients with conversion reac-
tions, loss of consciousness may occur with no significant decreases in HR,
BP, or cerebral blood flow.

Distinguishing Syncope from Epilepsy

Myoclonic jerks mimicking a seizure may occur during syncope [14].
Typically, prolonged asystole of about 10 s is needed in adults before
myoclonic jerks occur. In young persons the anoxic threshold is reported to
be lower, and it is lowest in early childhood. Clinical features by which
seizure may be distinguished from syncope are summarised in Table 3.

Therapy of Reflex Syncope 

The treatment of reflex syncope is subject of ongoing research [15, 1]

Aborting the Acute Episode

For acute management of an episode, recognition of pre-syncopal symptoms
and applying physical manoeuvres, such as lying down, is usually sufficient
to avoid loss of consciousness. More subtle manoeuvres have also demon-
strated effectiveness without drawing as much attention to the patient – an
important point for many adolescents. Leg crossing and muscle tensing are
easily taught and highly effective in young patients. Squatting is even more
effective, and can be used as an emergency measure when symptoms develop
more rapidly.
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Table 3. Features distinguishing syncope from seizures

Syncope Seizure

Jerks begin after falling Jerks begin while standing

Typically pale May be cyanotic

LOC usually < 1–2 min LOC often > 5 min

Incontinence less common Incontinence more common

No tongue biting Tongue biting in about 25% of cases

Post-syncopal confusion typically mild Post-ictal confusion universal and 
or absent, but prolonged fatigue is common often prolonged

Difficult in standing until recovery Standing often possible early in 
is complete recovery 



Preventing (Pre-)syncopal Events

The most important therapy is education and reassurance. Patients should
be informed that the risk of sudden death is virtually non-existent, but that
physical injury is of some concern. Initial advice should include early recog-
nition of warning symptoms and avoidance of triggering events.

Non-Pharmacological. A low-salt diet should be avoided and hydration
status optimised. Manoeuvres can be used as a preventive measure. In highly
motivated patients with recurrent symptoms, ‘tilt training’ may reduce recur-
rences. Patient compliance may, however, limit its use in young subjects. In
patients with blood phobia, psychological deconditioning is the first choice
of therapy.

Pharmacological. Pharmacological therapy should be reserved for
patients whose symptoms recur despite non-pharmacological treatment,
since undesirable side effects often outweigh any positive effects. β-Blockers
are commonly prescribed, but have been demonstrated in most trials to be
ineffective and frequently have side effects. The mineralocorticoid fludrocor-
tisone is used in combination with high salt and fluid intake to increase
blood volume. Mild fluid retention and occasional hypertension are general-
ly the only significant side effects, making it the best tolerated agent in pae-
diatric patients. Of other medications, including β-agonists, the side effects
are often intolerable. An unresolved issue is how long prophylactic therapy
should be advised.

Pacing. Even in the instance of cardioinhibitory syncope with prolonged
asystoles, pacemaker therapy should be avoided whenever possible.
Conventional therapy is almost always possible and clearly preferable in
young patients.

Breath-holding spells. Most patients can be dealt with through reassur-
ance and instructions to maintain the child in a supine position rather than
upright during a spell. When asystole is documented, the muscarinic blocker
glycopyrollate may be helpful. Only in rare cases is pacing required.
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Syncope in Patients with Autonomic Nervous System

Disturbances: Which Diagnosis and Treatment?

C.J. MATHIAS

Introduction

Syncope is a condition in which there is transient loss of consciousness due
to reduction in cerebral blood flow. The term syncope is often used synony-
mously with fainting, blackouts, passing out, and swooning. It is a common
condition with both neurological (autonomic and non-autonomic) and car-
diac causes. Psychologic and psychiatric conditions resulting in pseudosyn-
cope are difficult to separate from true syncope [1].

There is increasing recognition that disturbances of the autonomic ner-
vous system account for a large proportion of syncope cases. This was
emphasised in a study of 641 patients with recurrent syncope and presyn-
cope, in whom major neurological (non-autonomic) and cardiac causes had
been previously excluded [2]. Following autonomic and allied investigations,
half of the patients had an autonomic cause (Fig. 1). This highlighted the role
that the autonomic nervous system plays–in part through the baroreceptor
reflex, with efferents to the heart and sympathetic efferents to blood vessels
in the heart – in the maintenance of blood pressure and thus in the causation
of syncope.

This review provides a classification of disturbances of the autonomic
nervous system that result in syncope. An outline of treatment options fol-
lows.

Neurovascular Medicine Unit, Faculty of Medicine; Imperial College London at St
Mary’s Hospital, Autonomic Unit, National Hospital for Neurology & Neurosurgery,
Queen Square; Institute of Neurology, University College London, London, United
Kingdom



Diagnosis and Evaluation

Autonomic disturbances resulting in syncope may be intermittent (neurally
mediated syncope and the postural tachycardia syndrome) (Table 1), due to
drugs (Table 2), or the result of damage to the autonomic nervous system as
a result of primary or secondary autonomic failure [3, 4] (Table 3). Diagnosis
is dependent on a precise history, detailed clinical examination, and appro-
priate tests [5, 6] (Table 4).
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Fig. 1. Flow diagram showing investigations and diagnosis in 641 patients with recurrent
syncope and presyncope. (Adapted from [2])

Table 1. Intermittent disturbances of the autonomic nervous system that cause syncope

Neurally mediated syncope
Vasovagal syncope
Carotid sinus hypersensitivity
Miscellaneous causes (situational syncope)

Postural tachycardia syndrome (PoTS)
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Table 2. Mechanisms by which drugs, chemicals, poisons, and toxins may cause syncope.
(adapted from [3])

By decreasing sympathetic activity
Centrally acting

Clonidine, reserpine, anaesthetics

Peripherally acting via
Sympathetic nerve endings (guanethidine, bethanidine)

α-Adrenoceptor blockade (phenoxybenzamine)
β-Adrenoceptor blockade (propranolol)

By increasing cardiac parasympathetic activity
Organophosphates
Ciguatera (reef fish) poisoning

By vasodilatation
Jellyfish and marine animal venoms

By a first-dose effect
Prazosin, Captopril

By causing an autonomic neuropathy
Alcohol, thiamine (vitamin B1) deficiency
Vincristine, perhexiline maleate

Table 3. Disorders of the autonomic nervous system that cause syncope (adapted from
[4]).

Primary autonomic failure
Acute/subacute dysautonomias

Pure pandysautonomia
Pandysautonomia with neurological features

Chronic autonomic failure syndromes
Pure autonomic failure
Multiple system atrophy (Shy-Drager syndrome)
Autonomic failure with Parkinson’s disease

Secondary autonomic failure
Congenital

Nerve growth factor deficiency

Hereditary
Autosomal dominant trait

Familial amyloid neuropathy

continue ➝
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Autosomal recessive trait
Familial dysautonomia, Riley-Day syndrome
Dopamine beta-hydroxylase deficiency

Metabolic
Diabetes mellitus
Chronic renal failure
Chronic liver disease
Alcohol-induced

Inflammatory
Guillain-Barre syndrome
Transverse myelitis

Infections
Bacterial: Tetanus
Viral: Human immunodeficiency virus infection

Neoplasia
Brain tumours, especially of the third ventricle or posterior fossa
Paraneoplastic, including adenocarcinomas of lung and pancreas

Trauma
Cervical and high thoracic spinal-cord transection

Table 3. continue

Table 4. Outline of investigations used in the evaluation of syncope due to disturbances
of the autonomic nervous system (adapted from [6])

Head-up tilt (60°)a; standinga; Valsalva manoeuvrea

Pressor stimulia (isometric exercise, cold pressor, mental arithmetic)

Heart rate responses to: deep breathinga, hyperventilationa, standinga, head-up tilta

Liquid meal challenge

Modified exercise testing

Carotid sinus massage

aIndicates screening autonomic tests used in our London Units
Additional autonomic and allied tests, as described in [6], may need to be performed if
relevant to diagnosis and management



Treatment of Syncope Caused by Autonomic Nervous System

Disturbances

The key components of treatment revolve around non-pharmacological mea-
sures, drug treatment when appropriate, and the introduction of interven-
tions such as cardiac pacemaker when relevant.

Neurally Mediated Syncope

This depends upon the cause, the most common being vasovagal syncope
(Fig. 2). Reducing or preventing exposure to precipitating causes is of impor-
tance, along with educating the patient about the disorder. A combination of
non-pharmacological approaches, especially if supine blood pressure is low,
should include a high-salt diet; fluid repletion; exercise to strengthen lower
limb muscles; measures that activate the sympathetic nervous system, such
as sustained hand grip, the use of the calf muscle pump to prevent pooling;
and various manoeuvres such as leg crossing [8–11]. Patients who have
symptoms suggestive of an oncoming attack should sit and ideally lie head
down, if needed with the legs upright. Pharmacological measures are used
when non-pharmacological measures alone are not successful, especially if
the supine blood pressure is low. These include low-dose fludrocortisone and
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Fig. 2. Blood pressure and heart rate with continuous recordings from the Portapres II in
a patient with the mixed (cardio-inhibitory and vasodepressor) form of vasovagal syn-
cope. (Adapted from [7])



the sympathomimetics ephedrine and midodrine. 5-Hydroxytryptamine
uptake release inhibitors have been used with varying success. In the cardio-
inhibitory form of vasovagal syncope, a cardiac demand pacemaker is of
value [12]. In some patients, especially those with phobias, cognitive behav-
ioural psychotherapy is recommended.

In carotid sinus hypersensitivity, which is diagnosed more often in older
patients, a cardiac pacemaker often is of benefit, both in the cardio-inhibito-
ry and in the mixed forms (Fig. 3). In the vasodepressor form, non-pharma-
cological and drug treatment as outlined above for vasovagal syncope often
is needed. In unilateral hypersensitivity, denervation of the carotid sinus
nerves has been employed.

In the miscellaneous (situational) group of syncope cases, treatment is
tailored to the provoking cause. Thus, in patients with high spinal cord
lesions on an artificial respirator, vagal activity is not opposed by sympathet-
ic activity and tracheal stimulation can cause bradycardia and syncope; ade-
quate oxygenation, atropine and, in some patients, a temporary cardiac
demand pacemaker is indicated [14, 15]. In micturition-induced syncope,
avoidance of precipitating factors, such as alcohol, and advice to empty the
urinary bladder while sitting rather than standing may be all that is
required.
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Fig. 3. Continuous blood pressure and heart rate measured non-invasively (by Portapres
II) in a subject with falls of unknown cause. Left carotid sinus massage caused a fall in
both heart rate and blood pressure. The findings indicate the mixed (cardioinhibitory
and vasodepressor) form of carotid sinus hypersensitivity. (Adapted from [13])



Postural Tachycardia Syndrome

In this condition (Fig. 4), non-pharmacological measures are of particular
importance and include avoiding hypovolaemia and contributory factors
such as hyperventilation. Drugs such as fludrocortisone and midodrine are
of value in some patients. Beta-adrenergic blockers, especially those that are
cardioselective, reduce tachycardia. Specific approaches may be needed
depending upon the cause and association; thus, in the joint hypermobility
syndrome, the underlying collagen disorder (Ehlers-Danlos type III) needs
to be addressed.

Drug-Induced Syncope

The pharmacological effect of drugs, their interactions with other agents,
and modification of their actions in certain disease states, need to be borne
in mind when syncope results from drugs. The ideal is withdrawal of drugs,
but this may not always be possible, as in the treatment of parkinsonian syn-
dromes (Table 5). Drugs such as alcohol and perhexiline maleate cause an
autonomic neuropathy, and withdrawal alone may not result in recovery.
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Fig. 4. Blood pressure and heart rate measured continuously before, during, and after 60°
head-up tilt by Portapres II in a normal subject (uppermost panel) and in a subject with
postural tachycardia syndrome (PoTS) (lowermost panel). (Adapted from [16]). The
middle panel is from a subject with orthostatic hypotension due to autonomic failure



Primary and Secondary Autonomic Failure

These conditions usually require a combination of approaches. The original
disorder needs to be addressed, and orthostatic hypotension (Fig. 4 middle
panel), which is the usual cause of syncope, must be treated. A combination of
approaches often is needed (Table 6). Drugs used for the treatment of ortho-
static hypotension act in different ways and frequently can be combined in
lower dosages to provide benefit while reducing side effects (Table 7).

650 C.J. Mathias

Table 5. The causative or contributory causes of syncope in a patient with parkinsonism
(adapted from [5])

Side effects of anti-parkinsonian therapy:
L-DOPA, bromocriptine, pergolide
Combination of L-DOPA and COMT inhibitors (tolcapone)
MAO ‘b’ inhibitor, selegiline

Coincidental disease causing autonomic dysfunction
Diabetes mellitus

Coincidental administration of drugs for an associated condition
Antihypertensives
α-Adrenoceptor blockers (for benign prostatic hypertrophy)
Vasodilators (for ischaemic heart disease)
Diuretics (for cardiac failure)
Sildenafil (for erectile failure)

Autonomic failure
Multiple system atrophy (Shy-Drager syndrome)
Parkinson’s disease with autonomic failure
Diffuse Lewy body disease

Table 6. Non-pharmacological and major pharmacological measures used in the man-
agement of neurogenic orthostatic hypotension (adapted from [17])

Non-pharmacological measures

To be avoided
Sudden head-up postural change (especially on waking)
Prolonged recumbency
Straining during micturition and defaecation
High environmental temperature (including hot baths)
‘Severe’ exertion
Large meals (especially with refined carbohydrate)
Alcohol
Drugs with vasodepressor properties

continue ➝
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To be introduced
Head-up tilt during sleep
Small frequent meals
High salt intake
Judicious exercise (including swimming)
Body positions and manoeuvres

To be considered
Elastic stockings
Abdominal binders
Water ingestion

Pharmacological measures

Starter drug: Fludrocortisone
Sympathomimetics: Ephedrine, midodrine
Specific targeting: Octreotide, desmopressin, erythropoietin

Table 6. continue

Table 7. Outline of the major actions by which a variety of drugs may reduce orthostatic
hypotension (adapted from [17])

Reducing salt loss/plasma volume expansion
Mineralocorticoids (fludrocortisone)

Reducing nocturnal polyuria
V2-receptor agonists (desmopressin)

Vasoconstriction: sympathetic
On resistance vessels (ephedrine, midodrine, phenylephrine,

noradrenaline, clonidine, tyramine with monoamine
oxidase inhibitors, yohimbine, L-dihydroxyphenylserine)

On capacitance vessels (dihydroergotamine)

Vasoconstriction: non-sympathomimetic
V1 receptor agents – terlipressin

Ganglionic nicotinic-receptor stimulation
Anticholinesterase inhibitors: pyridostigmine

Preventing vasodilatation
Prostaglandin synthetase inhibitors (indomethacin, flurbiprofen)
Dopamine receptor blockade (metaclopramide, domperidone)
Beta2-adrenoceptor blockade (propranolol)

continue ➝
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Organisation of Syncope Management Units: The North

American Experience

D.G. BENDITT, F. LU, K.G. LURIE, S. SAKAGUCHI

Introduction

European Society of Cardiology (ESC) guidelines provide a structured
approach to the diagnosis and treatment of patients with syncope [1].
Among its recommendations, the ESC Syncope Task Force favoured wider
use of specialised multifaceted medical units to improve the management of
syncope patients. In essence, whether a physical space or a ‘virtual’ unit, the
syncope management unit (SMU) would bring to bear appropriate multidis-
ciplinary skills and experience more efficiently than has typically been the
case [1-3].

In North America, the SMU concept has yet to be widely accepted. In
part, this may be due to absence of professional organisation advocacy. The
American College of Emergency Physicians has offered a ‘clinical policy’ cov-
ering the appropriate emergency department management of patients pre-
senting with apparent syncope [4]. However, beyond this policy statement,
there are as yet no comprehensive North American guidelines regarding the
optimal evaluation and treatment of patients with transient loss of con-
sciousness who are thought to have suffered a syncope event.

SMU Status in the US

In order to ascertain the current status of SMUs in North America, we sur-
veyed United States and Canadian medical centres in terms of their
approaches to syncope evaluation. With regard to survey target sites, since

Cardiac Arrhythmia Center, Cardiovascular  Division, Department of Medicine,
University of Minnesota Medical School, Minneapolis, Minnesota, USA



syncope evaluation has increasingly become the responsibility of cardiolo-
gists/electrophysiologists, we focused the survey on medical centres in which
that specialty was strongly represented.

In terms of the survey itself, we were specifically interested in determin-
ing:
− Factors that impact the decision to form or not to form an SMU
− What physicians currently think about the potential utility of an SMU
− The preferred nature of the SMU, were it to be formed

In a preliminary review of study findings, only 2 of 22 reporting centres
(9%) had organised an SMU. Of the two centres with an SMU, the unit was
described as a ‘physical space’ in one case and as a ‘virtual unit’ (i.e., not a
defined physical entity) in the other. In both cases the units were lead by a
cardiologist/electrophysiologist. In one unit, only cardiology/electrophysiol-
ogy participated, whereas in the second unit a variety of other specialties
were also involved, including internal medicine, neurology, paediatric cardi-
ology, and geriatrics.

Among the 20 reporting medical centres without an SMU, only 5/20
(25%) indicated that plans were being made to establish such a unit.
However, 65% of respondents indicated that they would favour establishing
an SMU. An approximately equal number indicated confidence that an SMU
would reduce the cost of establishing an appropriate diagnosis in syncope
patients. Further, in terms of the organisational make-up of the SMU, most
respondents favoured a multidisciplinary unit comprising at a minimum the
following medical specialties: cardiology/electrophysiology, internal medi-
cine, and neurology. Approximately one-half of the respondents included
psychiatric expertise as a necessary SMU element.

The vast majority of respondents (> 90%) indicated that they preferred
cardiology/electrophysiology to be the SMU ‘director’ or chief organiser.
However, given that the survey target sites were selected primarily from the
Heart Rhythm Society (formerly North American Society of Pacing and
Electrophysiology, NASPE) directory, it was inevitably heavily biased toward
this specialty, and this may account for the overwhelming preference for car-
diology/electrophysiology.

The survey also attempted to address the key reasons underlying the
absence of an SMU at those responding institutions not having such units
currently. The most common impediments were lack of leadership (55% of
respondents) and an insufficient number of interested individuals (50% of
respondents). However, while most respondents thought that an SMU would
improve syncope management efficiency, 35% of respondents evinced
ambivalence toward SMU development on the grounds that there is currently
inadequate evidence of the utility of SMUs for improving diagnostic yields
and reducing cost. Multi-centre studies comparing diagnostic and treatment
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outcomes, along with financial data, would be very helpful for promoting
adoption of the SMU concept, if SMU performance proved favourable.

Economic Issues Impacting SMU Development

Improved understanding of resource requirements for evaluation and treat-
ment of patients with cardiovascular disease is of increasing importance in
the North America [5–7]. Measurements of medical care costs rely primarily
on tracking International Classification of Diseases (ICD-9) codes [6, 7]. In
this regard, the direct and indirect costs for treatment of arteriosclerotic dis-
eases in the USA in 1993, est imated from Health Care Financing
Administration (HCFA) national health expenditures and survey data from
the National Centre for Health Statistics, were in excess of US$200 billion [7].
Clearly, even modest cost reductions in this sector would pay a substantial
dividend. In contrast, the management of syncope is estimated to be approx-
imately $1 billion annually [8]. While the syncope numbers are probably
imprecise due to sampling issues and incorrect diagnoses, they nonetheless
represent a relatively small proportion of the total cost of cardiovascular
care. Consequently, it is not surprising that relatively little attention has been
paid to issues surrounding optimisation of the management of patients who
present with syncope and other forms of transient loss of consciousness.

Impact of SMU on Costs

Many factors contribute to the cost of syncope evaluation. These include the
frequency with which syncope is the principal presenting medical problem
to hospital emergency departments and clinics, which is probably similar in
the USA to the 1% of annual emergency department visits reported from
Western Europe [1, 9]. However, of perhaps greater importance is the man-
ner in which diagnostic and treatment challenges are managed after presen-
tation at the emergency department or clinic. A recent report detailing an
Italian hospital experience quantified the extent to which low-yield, cost-
ineffective tests were requested by physicians investigating presumed syn-
cope [10]. High-yield tests were frequently overlooked. In contrast, Kenny et
al. have amply demonstrated the potential cost savings associated with a
well-organised SMU. Specifically, they demonstrated savings in excess of US
$ 4 million in one year alone at a single hospital in Newcastle, UK, due to
more efficient management of syncope and ‘fall’ patients [2]. The economic
benefit arose in large measure from reduced readmission rates and a marked
reduction of hospital in-patient days. Similar benefits may be achievable in
North America, although only rarely has such an experience been published
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[11]. The respondents to our survey, whether or not familiar with the
Newcastle experience, appear to agree with the notion that an SMU structure
offers an opportunity to reduce cost per reliable diagnosis.

Conclusions

In summary, the SMU is uncommon in North America. Furthermore, rela-
tively few arrhythmia specialty centres are contemplating establishment of
such a facility, although most survey respondents believe that an SMU would
be helpful. The survey findings suggest that establishment of such a unit is
impeded by lack of leadership, resource limitations within medical centres,
and absence of convincing published data regarding SMU effectiveness.
Thus, at least in the near term, the SMU will remain the exception rather
than the rule in North American medical practice.
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The Syncope Unit: How To Better Organise It? The European

Experience

M. BRIGNOLE

Current Syncope Management (Diagnosis and Treatment)

Syncope is a common symptom in the community and in emergency medi-
cine. For example, in the UK, syncope and collapse (ICD code 10) are the
sixth most common reason for the immediate admission of adults > 65
years to medical hospitals. Given that half of all emergency admissions
involve persons over age 65, this constitutes a large volume of activity. The
average length of stay for these admissions is 5–17 days, which reflects the
diversity of syncope management strategies and the availability of certain
tests. Hospital admission alone accounted for 74% of the cost of investigating
syncope [1].

Currently, the strategies for assessing syncope vary widely among physi-
cians as well as among hospitals and clinics. More often than not, the evalua-
tion and treatment of syncope are haphazard and unstratified. The result is a
wide variation in the diagnostic tests applied, the proportion and types of
attributable diagnoses, and the proportion of syncope patients in whom the
cause remains unexplained [1–5]. For example, in a prospective registry [3]
enrolling patients referred to the emergency department from 28 general
hospitals in Italy, carotid sinus massage was performed in 0–58% and head-
up tilt tests in 0–50% of syncopal patients. Consequently the final diagnosis
for neurally mediated syncope ranged from 10% to 79%. These disparate pat-
terns of assessment can explain why pacing rates for carotid sinus syndrome
vary, even within countries, from 1% to 25% of implants, depending on
whether carotid sinus hypersensitivity is systematically assessed in the
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investigation profile. Some authors have evaluated the impact of the intro-
duction of in-hospital protocols [2, 5]. These studies showed that it is possi-
ble to improve diagnostic rates and the use of appropriate investigations.
However, many inappropriate investigations and hospital admissions still
occur. As a consequence, costs of investigations and costs per diagnosis have
increased rather than decreased.

If the status quo for the evaluation of syncope remains unchanged, diag-
nostic and treatment effectiveness is unlikely to improve substantially.
Furthermore, the implementation of the published syncope management
guidelines will be diverse and incomplete. Thus, to maximise implementa-
tion of the guidelines it is crucial that models of care for the assessment and
management of syncope are implemented and that information about the
models within each organisation is adequately communicated to all parties
involved with syncope patients.

It is the view of the Task Force on Syncope of the European Society of
Cardiology [6, 7] that a cohesive, structured care pathway delivered either
within a single syncope facility or as part of a multifaceted service is the
optimal approach to quality service delivery (Table 1). Furthermore, consid-
erable improvements in diagnostic yield and cost effectiveness (i.e., cost per
reliable diagnosis) can be achieved by focusing skills and by following well-
defined up-to-date diagnostic guidelines.
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Table 1. Recommendations of the European Society of Cardiology for the management of
the patients with syncope

A cohesive, structured care pathway–delivered either within a single syncope facility or
as part of a more multifaceted service–is recommended for the global assessment of
patients with syncope

Experience and training in key components of cardiology, neurology, and emergency
and geriatric medicine are pertinent

Core equipment for the facility include: surface ECG recording, phasic blood-pressure
monitoring, tilt-table testing equipment, external and internal (implantable) ECG loop
recorder systems, 24-h ambulatory blood pressure monitoring, 24-h ambulatory ECG,
and autonomic function testing

Preferential access to other tests or therapy for syncope should be guaranteed and stan-
dardised

The majority of syncope patients should be examined as out-patients or as day patients



Models Provided by Existing Syncope Management Units

The service model adopted by the Newcastle group is a multidisciplinary
approach to referrals of patients with syncope or falls. All patients attend the
same facility (with access to cardiovascular equipment, investigations, and
trained staff) but are investigated by a geriatrician or cardiovascular physi-
cian according to the dominant symptom cited in the referral correspon-
dence, i.e. falls or syncope. Recently, this group showed that, over a period of
1 year, the hospital at which the day-case syncope evaluation unit was based
had 6116 fewer bed–days for ICD code 10 categories, comprising syncope
and collapse, compared to peer teaching hospitals in the UK. This reduction
translated into a significant saving in emergency hospital costs (4 million
Euros). The savings were attributed to a combination of factors: reduced re-
admission rates, rapid access to day-case facilities for accident and emer-
gency staff and community physicians, and reduced event rates because of
effective targeted strategies for treating patients with syncope and falls [1].

The service model adopted in some Italian hospitals [8] consists of a
functional unit managed by cardiologists within the Department of
Cardiology, with dedicated medical and support personnel. Patients admit-
ted to the Syncope Unit have preferential access to all other facilities and
investigations within the department, including admission to cardiology
wards or the intensive care unit if indicated. When appropriate, patients are
jointly managed with other specialists, e.g. neurologists. The patients are
referred to the Syncope Unit (SU) from the emergency department or from
in-patient or out-patient clinics, but SU personnel are not usually involved in
the initial evaluation of the patient. This approach substantially improved
the overall management of syncope compared to peer hospitals without such
a facility [8] and reduced the number of unnecessary investigations.
Moreover, the appropriateness of indications and the diagnostic yield of tests
increased; for example, in 66% of the patients, less than two tests were neces-
sary for diagnosis [9].

Professional Skills Needed for the Syncope Evaluation Facility

It is probably not appropriate to be dogmatic regarding the training needs of
personnel responsible for a dedicated syncope facility. These skills will
depend on the pre-determined requirements of local professional bodies, the
level of screening evaluation provided prior to referral, and the nature of the
patient population typically encountered in a given setting. In general, expe-
rience and training in key components of cardiology, neurology, and emer-
gency and geriatric medicine are pertinent to the assessment and diagnosis
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of syncope, in addition to access to other specialties, such as psychiatry,
physiotherapy, occupational therapy, Ear Nose and Throat specialties, and
clinical psychology.

Core medical and support personnel should be involved either full time
or most of the time in management of the syncope unit, and should interact
with all other stakeholders in the hospital and in the community.

Staff responsible for the clinical management of the facility should be
conversant with recent guidelines on syncope management. A structured
approach expedites clinical audit, patient information systems, service devel-
opments, and continuous professional training.

Equipment

Core equipment for the syncope evaluation facility includes: surface ECG
recording, phased blood-pressure monitoring, tilt-table testing equipment,
external and internal (implantable) ECG loop recorder systems, 24-h ambu-
latory blood-pressure monitoring, 24-h ambulatory ECG monitoring, and
autonomic function testing. The facility should also have access to echocar-
diography, intracardiac electrophysiological testing, stress testing, cardiac
imaging, computed tomography and magnetic resonance imaging head
scans, and electroencephalography.

Patients should have preferential access to hospitalisation and to any
eventual therapy for syncope, namely pacemaker and defibrillator implanta-
tion, catheter ablation of arrhythmias, etc.

Dedicated rooms for assessment and investigation are also required.

Setting

The majority of syncope patients can be investigated as out-patients or day
patients. Indications for hospital admission are defined in the guidelines [6, 7].

The role of a local integrated syncope service is to set standards for the
following in keeping with the objectives of the Guidelines on Syncope of the
European Society of Cardiology and other appropriate guideline publica-
tions:
1. The diagnostic criteria for causes of syncope
2. The preferred approach to the diagnostic work-up in subgroups of

patients with syncope
3. Risk stratification of the patient with syncope
4. Treatment to prevent the recurrence of syncope
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A major objective of the syncope facility is to reduce the number of hos-
pitalisations by offering the patient a well-defined, quick, alternative evalua-
tion pathway.

When establishing a newly structured service, current experience sug-
gests that careful audit of the activity of the syncope unit activity and its
performance will rapidly justify the initial resource allocation and requests
for additional funding, fuel further service development, and provide a legit-
imate magnet for increasing patient referrals.

Implementation in Clinical Practice of a Model of Structured Care Based

on the Guidelines of the European Society of Cardiology

Recently, a prospective systematic evaluation of the strict adherence to the
care guidelines of the European Society of Cardiology was undertaken in
Italy [10]. The study consisted of consecutive patients referred for syncope to
the emergency departments of 11 general hospitals. Trained core medical
personnel both locally in each hospital and centrally who verified adherence
to the diagnostic pathway and gave advices as needed for its correction was
designated. In addition, decision-making guideline-based software was used
to quantify the data. A diagnostic work-up consistent with the guidelines was
completed in 465/541 patients (86%). A definite diagnosis was established in
98% (unexplained in 2%): neurally mediated syncope 66%, orthostatic
hypotension 10%, primary arrhythmias 11%, structural cardiac or cardiopul-
monary disease 5%, and non-syncopal attacks 6%. The initial evaluation
(consisting of a history, physical examination, and standard electrocardio-
gram) established the diagnosis in 50% of patients. Hospitalisation for the
management of syncope was appropriate in 25% and was required for other
reasons in a further 13% of patients. The median in-hospital stay was 5.5
days (interquartile range 3–9). Apart from the initial evaluation, a mean 
1.9 ± 1.1 appropriate tests per patient were performed in 193 patients. The
mean cost per patient was € 1216 (€ 2802 for those hospitalised and € 202
for those discharged from the emergency department. In conclusion, this
study showed that a structured-care approach, developed according to cur-
rent guidelines of the European Society of Cardiology, can be implemented
in clinical practice.
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Water Ingestion As Prophylaxis Against Syncope: Fact or Fancy?

J. JORDAN

Introduction

If you faint, it is likely that someone will offer you a glass of water – certain-
ly, your grandmother would. Is there a scientific rational for this home reme-
dy or is your grandmother completely off the mark? The physiological
responses to acute water ingestion has been assessed in a few studies, which
suggested that water drinking elicits acute changes in human physiology.
These changes affect different regulatory systems, including metabolism and
cardiovascular regulation, and appear to be mediated through sympathetic
activation. The cardiovascular response may be exploited to attenuate symp-
toms in patients with orthostatic hypotension, the postural tachycardia syn-
drome (POTS), or neurocardiogenic (vasovagal) syncope.

Pressor Response to Water Drinking

Patients with severe orthostatic hypotension due to autonomic failure
reported that they experienced fewer symptoms after they drank a glass of
water. Based on these anecdotes, we decided to probe the effect of water on
blood pressure in a systematic fashion. Patients with autonomic failure due
to either multiple system atrophy or pure autonomic failure (Bradbury-
Eggleston syndrome) were included. Drinking 480 ml tap water within 5
min elicited a profound pressor effect in these patients [1, 2]. Seated systolic
blood pressure increased 33 mmHg in multiple system atrophy patients and
37 mmHg in pure autonomic failure patients [2]. The pressor effect had a
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rapid onset, within 5 min after water drinking, and reached a maximum
after 30–40 min. The response was sustained for more than an hour. Our
findings in autonomic failure patients were reproduced by another group of
investigators [3, 4]. Tetraplegic patients and cardiac transplant recipients
showed a moderate pressor response to water drinking [5, 6]. Older control
subjects who ingested 480 ml water exhibited a moderate increase in systolic
blood pressure, which reached a maximum of 11 mmHg above baseline [1,
2]. In contrast, water drinking had no pressor effect in healthy young sub-
jects [2, 7].

Vasoconstriction or Volume Expansion?

One study involving autonomic failure patients suggested that the pressor
response to water drinking is mediated through increased systemic vascular
resistance [3]. In another study, in healthy young subjects, blood pressure
and systemic vascular resistance did not change after water drinking. Yet,
calf vascular resistance increased significantly [7]. The paradoxical finding
may be explained by compensatory dilatation in another vascular bed. Taken
together, the data suggest that water drinking elicits an increase in vascular
tone that contributes to the increase in blood pressure in autonomic failure
patients.

Theoretical considerations and actual physiological measurements
exclude volume expansion as the crucial mechanism explaining the haemo-
dynamic response to water drinking. Solute-free water is distributed
throughout extra- and intracellular spaces. If one assumes that a water load
(500 ml) is absorbed but not excreted, total body water would change by 1%
in a person weighing 175 lbs. Plasma volume would increase by approxi-
mately 35 ml. A substantial part of the ingested water is likely to be excreted
at the time the maximal physiological response to water is observed. Indeed,
plasma volume remained unchanged after water drinking [2]. In another
study, water drinking had no effect on thoracic impedance [8], which corre-
lates with thoracic blood volume [9]. Finally, it is difficult to explain
increased vascular resistance through volume expansion.

Involvement of Sympathetic Mechanisms in Water-Induced

Vasoconstriction?

Intuitively, one would think that the pressor response to water drinking in
autonomic failure patients is not mediated by the sympathetic nervous sys-
tem. Indeed, autonomic failure is tantamount to parasympathetic and sym-
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pathetic dysfunction. Initially, several vasoactive systems were implicated in
the pressor response. However, neither plasma renin activity nor plasma
vasopressin concentrations increased after water drinking [2]. More recent
studies suggested that sympathetic efferent function is not completely lost in
the majority of autonomic failure patients [10]. The incomplete loss in sym-
pathetic efferents explains the observation that yohimbine elicits a sympa-
thetically mediated pressor response in a large group of such patients
[11–13]. Yohimbine increases sympathetic activity through blockade of
alpha-2 adrenoreceptors in the central nervous system and at presynaptic
sites of adrenergic neurons [13]. Paradoxically, the pressor response to
yohimbine in autonomic failure patients is much greater than the response
in healthy subjects. Thus, the water-induced pressor response could also be
related to sympathetic activation.

We tested the effect of yohimbine and with water on separate days in
autonomic failure patients. In patients with a large response to water, yohim-
bine profoundly raised blood pressure, whereas patients who did not
respond to water exhibited a small pressor response to yohimbine or did not
respond at all [2]. The observation suggests that patients who are unable to
increase sympathetic activity with yohimbine do not exhibit a pressor
response to water. The idea that the water pressor response is related to sym-
pathetic activation is supported by experiments with ganglionic blockers.
Interruption of ganglionic transmission with trimethaphan abolished the
water-induced pressor response in two autonomic failure patients [2].
Furthermore, alpha-adrenoreceptor blockade with phentolamine attenuated
the pressor effect of water drinking in animals [14]. Finally, water drinking
has been shown to increase muscle sympathetic nerve traffic [7] and venous
plasma norepinephrine concentrations in healthy subjects [2, 7, 15]. Thus,
water drinking increases sympathetic activity.

Why is the pressor effect of water drinking enhanced in autonomic fail-
ure patients? One possible explanation is that autonomic failure patients
were hypersensitive to the released norepinephrine. The hypersensitivity
may be related to loss of baroreflex blood pressure buffering [16] and/or
increased vascular sensitivity [17].

The sympathetic nervous system is not only involved in cardiovascular
regulation, it also regulates metabolism. Thus, water-drinking-induced
increases in sympathetic activity should also influence metabolism, in par-
ticular energy expenditure. We assessed the effect of drinking 500 ml water
on energy expenditure and on carbohydrate and lipid oxidation rates in
healthy young subjects using whole-room indirect calorimetry [18]. Water
drinking caused a 30% increase in metabolic rate. In men, lipids mainly fuelled
the increase in metabolic rate, while in women carbohydrates were mainly
used as energy source. The total thermogenic response was about 100 kJ.
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The time course of the metabolic response resembled that of the haemody-
namic response. Systemic beta-adrenoreceptor blockade with metoprolol
almost completely attenuated the increase in energy expenditure after water
drinking [18]. Taken together, these findings suggest that water drinking
increases sympathetic activity, which, in turn, drives the pressor and the
thermogenic responses.

Sympathetic Activation Through a Spinal Mechanism?

Activation of the sympathetic nervous system may involve a brainstem- or
spinal-reflex-like mechanism. It is less likely that water directly modulates
the activity of postganglionic sympathetic neurons. In multiple system atro-
phy patients, the lesion to the autonomic nervous system is located in the
brainstem [19]. More distal efferent sympathetic structures are, at least in
part, intact [10, 20, 21]. In patients with high spinal cord injury, spinal sym-
pathetic structures are intact but mechanically disconnected from brainstem
input. In these patients, postganglionic sympathetic neurons can be activated
through spinal reflexes. For example, bladder distention or muscle spasms
below the spinal lesion may profoundly raise blood pressure. Water drinking
increases blood pressure in multiple system atrophy patients [2] and in
patients with high spinal cord injury [6]. These observations suggest that the
activation of sympathetic efferents may not be explained by a brainstem
mechanism. Instead, we speculate that sympathetic efferents are activated
through a spinal mechanism.

What Stimulates the Sympathetic System?

The exact stimulus that triggers water-drinking-induced sympathetic activa-
tion is not known. Initially, we thought that water might elicit an ‘internal
cold pressor response.’ However, the response to water drinking in autonom-
ic failure patients was similar when patients ingested water at different tem-
peratures [2]. Moreover, studies on the thermogenic effect of water drinking
suggested that only 40% of the response could be explained by the energy
that is required to warm the water to 37°C [18]. Drinking 37°C water also
increased the metabolic rate. Clearly, water temperature is probably not the
crucial stimulus of water-drinking-induced sympathetic activation.

Gastric distention increases sympathetic activity in humans [22]. The
maximal response to water drinking is observed at a time when only 25% of
the ingested water remain in the stomach [23]. In some autonomic failure
patients, volumes of water as small as 120 ml elicit a substantial and sus-
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tained pressor response. Gastric stretch does not fully explains the sympa-
thetic activation after water drinking. When fluids with different osmolari-
ties were infused into the stomachs of dogs, distilled water was shown to
cause a two-fold greater increase in blood pressure than normal saline [24].
In humans, infusion of hypo-osmolar solutions through a gastric tube causes
a greater increase of sweat production, a sympathetic response, than infusion
of isosmolar solutions [24]. Recently, we conducted similar studies in multi-
ple system atrophy patients. In these patients, 500 ml water or isotonic saline
were administered through a nasogastric tube. Water elicited a greater pres-
sor response than saline [25].

Studies in animals have demonstrated the presence of osmoreceptive
afferent nerve fibres [26]. Currently, we are exploring the possibility that
water-drinking-induced sympathetic activation is related to stimulation of
osmosensitive afferent nerves in the portal tract or in the liver.

Therapeutic Utility of Water Drinking in Autonomic Failure Patients

Water drinking was shown to improve standing blood pressure and orthosta-
tic tolerance in a large subgroup of autonomic failure patients [27]. In that
study, systolic blood pressure was 83 mmHg after 1 min of standing without
water drinking. Upright systolic blood pressure increased to 114 mmHg 35
min after drinking 480 ml water. Water taken just before a meal prevents
postprandial hypotension. In six patients, the maximal tolerated standing
time increased from 5.1 min before to 11 min after water drinking. Water
drinking also  improved postprandial hypotension in autonomic failure
patients [27]. After a meal, blood pressure decreased by 43/20 mmHg with-
out water drinking, compared with 22/12 mmHg with drinking.

Water Drinking Attenuates Orthostatic Tachycardia

Water drinking may have therapeutic utility in postural tachycardia syn-
drome. Among other names, the syndrome is also referred to as POTS, idio-
pathic orthostatic intolerance, and chronic orthostatic intolerance. The syn-
drome is much more prevalent than autonomic failure, and, true to its name,
it is characterised by orthostatic tachycardia rather than orthostatic
hypotension [28–30]. Water drinking decreases upright heart rate in these
patients by 15 beats per minute after 3 min of standing and by 10 beats per
minute after 5 min of standing [27]. The effect of water drinking on ortho-
static tachycardia compares favorably with established therapies, such as
alpha-adrenoreceptor agonists or volume loading [29–31].
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Prevention of Neurocardiogenic (Vasovagal) Syncope

So far, water drinking has not been tested in patients with spontaneous neu-
rocardiogenic syncope. However, water drinking has been shown to delay or
prevent neurocardiogenic presyncope or syncope in healthy subjects under-
going head-up tilt testing [8, 32]. In one study, subjects who tolerated stand-
ing on the head-up tilt table were subjected to incremental lower-body nega-
tive pressure while remaining in the upright position, the so-called Leeds
protocol [8]. The time to presyncope or syncope was taken as a measure of
orthostatic tolerance. Testing was conducted after subjects had ingested
either 50 or 500 ml water. Drinking 500 ml water increased orthostatic tol-
erance by 5 min, which is a substantial improvement considering the supra-
physiological orthostatic stress. In this study, water drinking also lowered
upright heart rate, increased cardiac stroke volume, and improved cerebral
blood flow regulation. In another study, healthy subjects with no history of
syncope underwent head-up tilt-table testing at 60° for 45 min or until pre-
syncope or syncope occurred. Participants were tested with or without 473
ml water drinking 5 min before tilt-table testing in a randomised and cross-
over fashion. During the first 30 min of tilt testing, eight of 22 subjects with-
out water experienced presyncope compared to only one of 22 who had
ingested water. On average, the time participants tolerated head-up tilt was
increased 26% with water drinking. Water drinking may also be beneficial in
patients with post-exercise syncope [33].

How To ‘Prescribe’ Water?

In patients with orthostatic hypotension, POTS, or neurocardiogenic syn-
cope, we use water in conjunction with other nonpharmacological treat-
ments before initiation of pharmacological therapy, or as an adjuvant to
pharmacological therapy. However, more studies are required to better
define the therapeutic utility of water, in particular in POTS and in neuro-
cardiogenic syncope. There are no data on the efficacy with long-term use.

In patients with autonomic failure, we usually recommend that the daily
fluid intake should be in the range of 2–3 l. However, the timing of the water
intake is of major importance. Patients should drink most of the water when
their orthostatic symptoms tend to be worst and before meals. In most
patients, symptoms are worse in the morning and improve during the day.
We tell our patients to drink a glass of water before getting up in the morn-
ing. In this setting, water may be more efficacious than commonly used pres-
sor agents, given its more rapid onset of action [12]. Water drinking potenti-
ates the effect of pressor drugs, such as phenylpropanolamine and pseu-
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doephedrine [34]. The ‘drug’ interaction can be exploited in the treatment of
orthostatic hypotension. It may also lead to dangerous elevations in blood
pressure. We suggest testing the sensitivity to pressor agents with or without
water in each autonomic failure patient. The approach is useful to find a rea-
sonable initial drug dose that is large enough to provide symptomatic bene-
fit but does not lead to excessive, potentially dangerous increases in blood
pressure. We advise patients with supine hypertension not to drink water
within an hour before bedtime [10, 35].

Excessive water ingestion might lead to water intoxication, in particular
in autonomic failure patients. However, we have not observed this complica-
tion in clinical practice.

Conclusions

Water drinking elicits a profound pressor response in autonomic failure
patients. It increases blood pressure to a lesser degree in tetraplegic patients,
cardiac transplant recipients, and older healthy subjects. Blood pressure does
not change in healthy young subjects. The haemodynamic response to water
drinking appears to be mediated through sympathetic activation via an
unknown mechanism. Water drinking improves orthostatic responses in
patients with orthostatic hypotension and orthostatic tachycardia, and
delays the onset of neurocardiogenic syncope in healthy subjects. Thus,
water drinking may be a promising and essentially cost-free intervention for
all these conditions, either as monotherapy or in conjunction with other
non-pharmacological or pharmacological treatments.
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Counter-Pressure Manoeuvres to Abort Impeding Syncope:

Are They Really Useful?

C. MENOZZI, F. QUARTIERI, N. BOTTONI, G. LOLLI

Introduction

Vasovagal reflex syncope is the most frequent cause of transient loss of con-
sciousness and is preceded by prodromal symptoms in about two-thirds of
patients [1]. Although the long-term prognosis of reflex syncopal disorders
is excellent, they may impose substantial changes in life style and cause pro-
found psychological distress. Prodromal symptoms are present in virtually
all cases of tilt-induced vasovagal syncope, which occurs, on average, 1 min
after the onset of prodromal symptoms [2]. 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 [2, 3].
Hypotension is caused by vasodilation in the skeletal muscles due to inhibi-
tion of sympathetic vasoconstrictive activity [2–7]. In normal and hyperten-
sive subjects, counter-pressure manoeuvres are able to induce a significant
increase in blood pressure, which is mediated largely by endogenous cate-
cholamine release [8, 9]. Muscle sympathetic nerve discharge and vascular
resistance increase during counter-pressure manoeuvres in healthy subjects
[10]. A major advantage of physical counter-manoeuvres is that they may be
applied at the start of hypotensive symptoms, increasing central blood vol-
ume and blood pressure, thereby giving the patient the opportunity to regain
self-confidence in provocative situations.

Cardiovascular Response to Counter-Pressure Manoeuvres

Leg crossing, combined with maximum tensing of the muscles of the legs,
abdomen, and buttock for the maximum tolerated time, until complete dis-
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appearance of symptoms is achieved, was the first manoeuvre proposed [11].
It has the advantage that it can be performed as a preventive measure with-
out much effort and without drawing much attention to the patient’s prob-
lem. The increase in orthostatic blood pressure is presumed to be due both
to mechanical compression of the venous vascular bed in the legs and to a
reflex increase in systemic vascular resistances caused by the activation of
muscle mechanosensitive receptors [12, 13].

Arm tensing consists of the maximum tolerated isometric contraction of
the two arms achieved by gripping one hand with the other and contem-
porarily abducting (pushing away) the arms for the maximum tolerated time
or until complete disappearance of symptoms [14, 15]. Handgrip consists of
the maximal voluntary contraction of a rubber ball (approximately of 5–6
cm diameter) taken in the dominant hand for the maximum tolerated time
or until complete disappearance of symptoms [12, 14, 15].

Muscle sympathetic nerve discharge and vascular resistance increase
during handgrip in healthy subjects [10]. The increase in arterial pressure
can be achieved by increased peripheral resistance alone in patients who
lack the capacity to increase handgrip or stroke volume because of surgical
cardiac denervation following cardiac transplantation [16] or pharmacologi-
cal blockade with propranolol [8]. In one study [17], there was no difference
in the magnitude of cardiovascular responses between handgrip performed
with one and with both hands; in another study [18], the magnitude of the
increase in muscle sympathetic nerve activity was greater when the exercise
was performed with two hands, but it was less than the simple sum of the
responses evoked with each arm separately, suggesting that the sympathetic
cardiovascular adjustments elicited by separate limbs are not simply addi-
tive, but rather exhibit an inhibitory interaction.

In 32 healthy volunteers (mean age 44 ± 12 years, 16 males), the physio-
logical response to 2 min of isometric contraction during handgrip, arm-
muscle tensing, and leg crossing (as described above) was evaluated. The
tests were carried out on a tilt table at 60°; ECG tracing and noninvasive
beat-to-beat arterial blood pressure (BP) were continuously recorded.
Systolic BP increased from 125 ± 18mmHg to 156 ± 26mmHg during
handgrip, from 123 ± 15 mmHg to 155 ± 24 mmHg during arm tensing,
and from 121 ± 14 mmHg to 165 ± 26 mmHg during leg crossing (P =
0.02); diastolic BP increased from 72 ± 10mmHg to 94 ± 16mmHg during
handgrip, from 73 ± 11 mmHg to 97 ± 17 mmHg during arm tensing, and
from 71 ± 12 mmHg to 95±16 mmHg during leg crossing (difference not
significant). Heart rate increased from 76 ± 14 bpm 84 ± 16 bpm during
handgrip, from 75 ± 13 bpm to 86 ± 15 bpm during arm tensing, and from
76 ± 12 bpm to 92 ± 18 bpm during leg crossing (P = 0.04) [15].

Thus, in healthy subjects systolic BP, diastolic BP, and heart rate increased
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to similar extents during both handgrip and arm tensing, whereas systolic
BP and heart rate increased more during leg crossing. Whether this greater
increase has clinical significance is unknown.

Efficacy of Manoeuvres To Abort Vasovagal Syncope

To evaluate the efficacy of isometric arm counter-pressure manoeuvres,
Brignole et al. enrolled 29 patients affected by vasovagal syncope who had:
(1) a history of three syncopal episodes in the last 2 years or at least one
syncopal spell in the last year and at least three episodes of presyncope in
the last year; and (2) syncopal episode(s) preceded by prodromal symptoms
that were recognised by the patient as symptoms of impending syncope. To
confirm the vasovagal origin of the syncope and to evaluate the amount of
prodromal symptoms, the patients underwent tilt testing according to the
Italian Protocol [19]. The patients were trained to use arm tensing and/or
handgrip in case of occurrence of symptoms of impending syncope, and
were discharged with the recommendation to self-administer these manoeu-
vres at the maximum tolerated voluntary contraction level immediately upon
the appearance of symptoms of impending syncope identical to those
reported by the patients prior to treatment, and until symptoms disap-
peared. Thereafter, the patients were seen every 3 months in the outpatient
clinic. During the follow-up of 14 ± 6 months (range 6–21), 260 episodes of
impending syncope were reported by 19 patients (median 4, interquartile
range 3–13). Counter-pressure manoeuvres were self-administered by these
patients in 98% of cases and resulted in the abortion of syncope in 99.6% of
cases. Overall, five episodes of syncope occurred in five patients (17%). In
four cases, the patients were unable to start manoeuvres because of the sud-
den onset of syncope, and in one case the patient activated the manoeuvres
but they were ineffective [14].

Krediet et al. carried out a similar study to evaluate the efficacy of leg
crossing and muscle tensing in 21 patients with positive tilt test. The patients
were instructed to perform manoeuvres at the onset of symptoms of fainting.
Acutely prodromal symptoms disappeared in all the patients, accompanied by
a significant increase in systolic and diastolic BPs. At the follow-up, 13 of 20
patients had applied manoeuvres in their everyday lives with benefit [20].

The main points of these studies is that counter-pressure manoeuvres are
feasible, safe, and well-accepted by the patient and can be proposed as a new
first-line treatment for those patients who are able to recognise prodromal
symptoms before vasovagal reflex syncope.

While this approach seems to be very helpful in everyday life, and
patients are able to implement a counter-pressure manoeuvre in the vast
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majority of attacks with a very high rate of success in relieving symptoms, it
must nevertheless be admitted that most of these episodes would have
resolved spontaneously without leading to syncope, even in the absence of
counter-pressure treatment. Owing to the open design of the follow-up
study, we were unable to establish the exact benefit of the treatment. The
Physical Counterpressure Maneuver Trial (PC Trial) is a multi-centre,
prospective, longitudinal randomised single-blind clinical trial. The main
hypothesis of the study is that, in patients with definite syncope and absence
of significant structural heart disease, physical counter-pressure manoeuvres
decrease the total syncope burden compared to standardised intensive con-
ventional therapy. Secondary endpoints are the time to first recurrence, pre-
syncope burden, and quality of life. The study population consists of 223
patients who fulfilled the following inclusion criteria: clinical diagnosis of
classical neurally mediated reflex syncope based on medical history, or a
diagnosis of non-classical neurally mediated reflex syncope and a positive
tilt-table test; three syncope episodes in the last 2 years or at least one syn-
copal spell in the last year and at least three episodes of presyncope in the
last year; recognisable prodromal symptoms; age 16–70 years. The follow-up
is performed quarterly and is currently ongoing. Preliminary results are
expected at the end of the year.
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Compression Stockings to Combat Vasovagal Syncope: What Is

the Rationale?

M. MADALOSSO, F. GIADA, A. RAVIELE

Introduction

Syncope is defined as a sudden, transient loss of consciousness and postural
tone due to cerebral hypoperfusion, followed by spontaneous recovery [1].
Syncope is a common symptom that affects up to 35–50% of the general pop-
ulation: it is the reason for 1–3% of emergency room visits and 1–6% of hos-
pital admissions [2]. Syncope may have different causes: cardiovascular, non-
cardiovascular and unexplained. The most frequent type of syncope is the
vasovagal syncope, who accounts at least 35% of loss of consciousness.

Physiopathology of Vasovagal Syncope

The vasovagal faint is a heterogeneous condition and may be triggered by
central stimuli (pain, extreme emotions, psychic stress) and peripheral stim-
uli (reduction in venous return to the heart, such as in prolonged standing,
hot environments, hypovolaemia, or redistribution of blood volume). In
daily life vasovagal syncope is common while the subject is standing [3]. On
standing, the increased gravitational forces results in pooling of 500–800 ml
of blood in the distensible veins below the level of the heart, i.e., the veins of
the legs and the splanchnic veins, thus reducing venous return to the heart.
This leads to a decrease in arterial blood pressure and cardiac output. In
normal subjects there is an autonomic compensatory reflex that keeps the
arterial blood pressure and the cardiac output almost normal, through vaso-
constriction and tachycardia, due to sympathetic activation and parasympa-
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thetic withdrawal, respectively. In patients who are prone to vasovagal syn-
cope, this compensatory reflex is inadequate. Hargreaves and Muir [4]
demonstrated, during orthostatic challenge, a larger increase in calf volume
in patients with recurrent vasovagal syncope and a trend to greater periph-
eral blood pooling and reduced venous volume variability than in normal
subjects. It has been postulated that, in patients with vasovagal syncope, the
reduction of venous return activates an abnormal reflex, similar to the
Bezold–Jarisch reflex, triggered by a vigorous contraction of an almost
empty ventricular cavity. It activates intramyocardial mechanoreceptors
inappropriately (the unmyelinated vagal C fibres), causing paradoxical sym-
pathetic inhibition (peripheral vasodilation) and parasympathetic activation
(bradycardia) with cerebral hypoperfusion and syncope [5]. However, the
pathophysiology of vasovagal syncope is probably not so schematic, and
other potential mechanisms may be responsible for this condition, such as
afferent signals arising from atrial or pulmonary baroreceptors, or even from
higher central nervous system centres.

Treatment of Vasovagal Syncope

In the majority of subjects vasovagal syncope is a benign condition that does
not represent a threat to life and does not significantly impair quality of life.
Consequently, a specific treatment is usually not indicated, and recurrence
may be easily prevented by reassurance and counselling of the patient. In a
minority of subjects, however, the syncopal episodes are much more fre-
quent and often occur in the absence of predictable circumstances or warn-
ing symptoms. These episodes may be accompanied by physical injury and
represent the so-called ‘malignant’ or ‘atypical’ vasovagal syncope. In these
cases, as also in patients with a potential occupational hazard (pilots, truck
drivers, commercial painters, roofers, and so on), a specific treatment is gen-
erally recommended.

Many forms of treatment are promoted for vasovagal syncope: non-phar-
macological/physical, pharmacological, and electrical. None of them has
been demonstrated to be surely effective in preventing syncopal recurrences.
The substantial inefficacy of currently available therapeutic options for
patients with recurrent or malignant vasovagal syncope justifies the search
for alternative treatments.
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Compression Elastic Stockings

One of the measures suggested in the past for the treatment of vasovagal
syncope, but never tested with clinical studies, is the use of compression
elastic stockings. The rationale for this therapy is the reduction in venous
pooling and the increase in venous return that compression elastic stockings
may induce.

Several studies have investigated the haemodynamic and clinical effects
of this therapy in different clinical settings, but to the best of our knowledge
no studies have been performed to evaluate the effects of compression elastic
stockings in patients with vasovagal syncope. Buhs et al. [6] studied healthy
subjects during daily activity that requires nearly continuous standing and
walking: under those conditions, it has been shown that graduated elastic
stockings had a direct anatomic effect which can be related to the transmural
pressure in the veins that preserve dilation in the deep, superficial, and per-
forating venous system of the lower leg.

In patients with chronic venous insufficiency, compression elastic stock-
ings have been shown to reduce the residual volume fraction, which is an
indicator of improving calf muscle pump function and reflux in vein seg-
ments [7]. These favourable effects of compression elastic stockings in
patients with chronic venous insufficiency seem to be a consequence of
shifting blood from the superficial to the deep venous compartment of the
legs [8]. This promotes venous return to the heart by means of blood milk-
ing caused by muscle contraction [9–17].

In patients with orthostatic hypotension caused by adrenergic failure,
compression elastic stockings reduce the decrease in standing blood pres-
sure by increasing total peripheral resistance and reducing venous capability
[18]. In daily life this leads to a reduction of hypotension-related symptoms,
such as dizziness and increased heart rhythm, and an improvement in quali-
ty of life [19].

Stic Stoc Trial

On the basis of these observations, we have planned a multi-centre, ran-
domised, placebo-controlled study, the ‘ElaSTIC STOCkings for the preven-
tion of recurrent vasovagal syncope TRIAL’ (Stic Stoc Trial).
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Aim of the Study

The aim of the study is to ascertain whether, among patients suffering from
recurrent vasovagal syncope, compression elastic stockings reduce the num-
ber affected by syncope recurrences, prolong the time to the first recurrence,
and improve quality of life.

Study Design

Enrolled patients will be randomised to active treatment (compression elas-
tic stockings) or placebo (non-compression stockings). The compression
elastic stockings exert a pressure of 20–30 mmHg around the calves, which
corresponds to class II of the European CEN classification [17]. The inactive
treatment, the placebo, looks like the elastic compression stockings, but does
not exert haemodynamic effects. The clinicians, nurses, and enrolled patients
will be blinded to the type of stockings being worn.

Inclusion and Exclusion Criteria

To be enrolled, patients will have to meet the following criteria: vasovagal
syncope and positive head-up tilt testing; at least 6 syncopal events in the
patient’s lifetime, the latest occurring no more than 6 months before enrol-
ment. The following constitute exclusion criteria: non-vasovagal syncope;
chronic venous and arterial insufficiency; recent (< 6 months) acute
myocardial infarction; chronic severe non-cardiac diseases (terminal neopla-
sia, neurological disease, etc.); pregnancy.

Other Therapies

During the study period, the use of pacemakers or drugs for the prevention
of vasovagal syncope, such as β-blockers, α1-agonists, fludrocortisone, sero-
tonin uptake inhibitors, theophylline, and scopolamine, will not be allowed.

Quality of Life

The patient’s quality of life will be evaluated through a questionnaire (SF-36)
filled out before treatment and again after 6 and 12 months.

Follow-Up

During follow-up, with a mean duration of 12 months, each enrolled patient
will wear the stockings during the day time. Patients will be asked to keep a
clinical diary, specifying the number, severity, and time of syncopal and pre-
syncopal events, the circumstances in which they occur, and any associated
traumas. Patients also have to report the days in which they do not wear the
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stockings, the reason why, and any adverse effects. Every 3 months, patients
will be clinically assessed.

Primary Endpoint

The primary clinic endpoint will be syncope, since this can be easily assessed
and has been successfully used in previous studies. Patients are examined
within 7 days of a fainting episode. To verify the syncopal episode, patients
and witnesses are asked to describe the event and the circumstances in
which it occurs, stating in particular whether there was complete loss of con-
sciousness. Patients are also examined to evaluate any severe trauma result-
ing from the event. The number of patients who experience syncope during
follow-up, the frequency of syncope (number of times per month), and the
time to first recurrence are taken as the parameters to measure the primary
clinical event.

Secondary Endpoints

The secondary endpoints will be the following: (1) the number of patients
with pre-syncopal recurrences, the frequency of pre-syncopal events, and
time to the first pre-syncopal recurrence; (2) quality of life.
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b-Blockers for Prevention of Vasovagal Syncope:

Who Benefits from Treatment?

R.S. SHELDON

Catecholamines and Vasovagal Syncope

Vasovagal syncope is a common problem that reduces quality of life [1–3]
and may be difficult to treat. Although β-adrenergic blockers are frequently
prescribed to prevent syncope, there is limited evidence for their effective-
ness. However, there is considerable evidence supporting a role for cate-
cholamine involvement in the haemodynamic response to head-up tilt, and
perhaps in the vasovagal reflex itself (for review, see [4]). Both norepineph-
rine and epinephrine increase steadily during prolonged head-up tilt, with
terminal levels of epinephrine significantly higher in patients in whom the
vasovagal reflex is induced than in those resistant to prolonged tilt testing
[4–6]. Older patients may release more epinephrine than younger subjects
[5]. The amount of the increase in norepinephrine varies considerably from
study to study. Taken together, these findings suggest that sympathetic stim-
ulation, perhaps of β-adrenergic receptors, is important in the genesis of
vasovagal syncope. Consistent with this is the ability of an isoproterenol
infusion to provoke vasovagal syncope far more quickly in patients undergo-
ing tilt tests than in those examined by simple passive prolonged head-up tilt
testing [7, 8]. Whether isoproterenol simply accelerates the onset of the vaso-
vagal reflex or identifies a subset of patients is unclear. For example, both
isoproterenol and nitrates provoke syncope on tilt tests, but do so in only
partly overlapping populations [9]. There is ample evidence that acute β-
blockade during isoproterenol tilt tests can prevent the vasovagal reflex (for
a summary, see [10]). However, they are less effective in preventing syncope
during passive head-up tilt tests [6], suggesting that while stimulation of the
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β-adrenergic receptor may be important in isoproterenol tilt tests, it is sig-
nificantly less important in the vasovagal reflex provoked by passive head-up
tilt. Finally, Dendi and Goldstein reported a meta analysis of 19 papers and
1060 patients who received β-blockade during tilt testing. They reported that
that β1-selective adrenoreceptor blockade resulted in 68% negative tilt tests,
while non-selective blockade resulted in 94% negative tilt tests. The authors
concluded that non-selective β-blockers are likely to be more effective than
β1-selective blockers in preventing vasovagal syncope [10]. Unfortunately,
the types of tilt tests were not reported, so it is not clear whether this was a
study of the physiology of isoproterenol or a study of the physiology of vaso-
vagal syncope. Whether the findings have therapeutic implications for
patients with recurrent vasovagal syncope is also not known.

Observational Studies

Three observational studies yielded conflicting information about whether
β-blockade prevents syncope. In a nonrandomised trial, Cox et al. [11]
administered a variety of β-blockers to 118 syncope patients who had fainted
a median three times and who had a positive tilt test. Control patients were
those who either refused β-adrenergic blocker treatment or discontinued it.
After 28 ± 11 months, the proportion of patients with a recurrence of syn-
cope was 10-23% in the persistently treated patients and 42-58% in the par-
tially or completely untreated patients. The estimated absolute effect size was
about 34% with a relative reduction of 68%. We studied a cohort of 153 syn-
cope patients who had positive tilt tests and a historical median of seven
syncopal spells [12]. Syncope recurred in 17 of the 52 patients who received
β-blockers and in 28 of the 101 patients who were untreated; the actuarial
probability of remaining free of syncope was the same in both groups.
Alegria et al. recently reported similar results in a large observational report
[13]. They followed 163 patients treated with β-blockers and 75 control sub-
jects treated with conservative, non-pharmacologic measures for 20 ± 13
months. Most (82%) patients who received a β-blocker took either atenolol
or metoprolol. Patients who received β-adrenergic blockers were somewhat
younger than those managed conservatively. There was a trend to a worse
outcome in patients on β-blockers; 20% of control subjects and 35% of
patients who received β-adrenergic blockers had at least one recurrence of
syncope (P = 0.056). At the very least, this study provides little evidence of a
beneficial effect of β-blockers.
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Randomised Clinical Trials

There have been five randomised clinical trials testing the efficacy or effec-
tiveness of β-adrenergic blockers for the prevention of syncope [14–18].
Although the results are not completely consistent, they do suggest strongly
that β-blockade does not prevent vasovagal syncope. Mahanonda et al. stud-
ied 42 patients with an unspecified mix of historical presyncope and syn-
cope, and a positive tilt test [14]. The patients then were randomised to
atenolol or placebo. After 1 month, 71% of patients receiving atenolol, but
only 29% of patients receiving placebo reported feeling better and had expe-
rienced fewer combined presyncopal and syncopal spells. The absolute effect
size was 42% and the relative risk reduction was 61%. The frequency of pre-
syncopal and syncopal events was 1 ± 2 vs 6 ± 9 spells per week in the
atenolol vs the placebo populations, with a relative reduction of 83%.

Madrid et al. randomised 50 patients with vasovagal syncope to treat-
ment with atenolol (50 mg daily) or placebo [15]. The subjects were selected
on the basis of a clinical diagnosis provided by the investigators and all
underwent passive prolonged head-up tilt testing. This modestly sympto-
matic study population had a median of only three lifetime syncopal spells,
and were included regardless of whether the tilt test was positive or negative.
Patients were followed for up to 1 year, during which there was a non-signif-
icant increase in the number of patients who had a recurrence of syncope in
the group taking atenolol compared to those taking placebo. There was no
significant difference in outcome in patients who had a negative or positive
baseline tilt test. The authors concluded that patients with a clinical diagno-
sis of syncope, regardless of tilt-test outcome, did not benefit from attempted
treatment with atenolol. Although this was a small study, there was not even
a trend to benefit from atenolol.

Flevari et al. carried out a prospective, randomised crossover study of
nadolol, propranolol, and placebo in 30 patients with recurrent vasovagal
syncope and a positive tilt test [16]. Each treatment arm in this Latin Square
design lasted 3 months, and the authors reported the number of presyncopal
and syncopal spells for each observation period. Nadolol was selected
because it is a hydrophilic non-selective β-blocker, while propranolol is a
hydrophobic non-selective β-blocker. There was a remarkable 80–90% reduc-
tion in all measures of presyncope and syncope in all three treatment arms
(placebo, propranolol, and nadolol), with no significant difference among the
three arms. Therefore, this small study, with short observation periods, did
not detect any clinical benefit from β-blockers above that seen with placebo.
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Ventura et al. [17] randomised 56 patients with recurrent syncope to
treatment with β-blockers or to no treatment. In a 1-year follow-up period,
syncope recurred in 71% of untreated patients but in only 29% of patients
who received β-blockers. In a subsequent Cox regression analysis, only β-
blocker treatment predicted the absence of syncope recurrence. The strength
of the conclusions of this study is compromised by its lack of placebo control
and blinding.

We carried out the Prevention of Syncope Trial, whose design was previ-
ously described [18]. This randomised, placebo-controlled, double-blind trial
was designed to assess the effects of metoprolol in vasovagal syncope over a
1-year treatment period. The primary hypothesis was that in patients at
moderate-to-high risk for frequent recurrence of vasovagal syncope, a deci-
sion to treat with metoprolol would increase the time to the first recurrence
of syncope compared to treatment with placebo. The major secondary
hypotheses were that metoprolol would reduce the frequency of recurrent
syncopal spells as well as the frequency, duration, and severity of presynco-
pal spells; and that it would improve quality of life. In addition, we hypothe-
sised that older age or the need to use isoproterenol to induce syncope pre-
dicts a beneficial clinical response to metoprolol.

Each pat ient had > 2 sy ncopal spel ls and a posit ive t i lt  test.
Randomisation was stratified according to ages < 42 and ≥ 42 years. Patients
received either metoprolol or matching placebo at best-tolerated doses from
25 to 200 mg daily. The main outcome measure was the first recurrence of
syncope. In total, there were 208 patients, mean age 42 ± 18 years who had
had a median of nine syncopal spells. This was, therefore, a group of fairly
symptomatic patients. Nearly 40% had at least one recurrence of syncope
during the 1-year observation period, as predicted in the initial power calcu-
lations, which were based on earlier epidemiologic studies from our institu-
tion [18, 19]. The likelihood of recurrent syncope was not significantly dif-
ferent between groups by either intent-to-treat or on-treatment analyses.
Therefore, metoprolol was no more effective than placebo in preventing
vasovagal syncope in the study population as a whole. Taken together with
the results of the previous four smaller studies, metoprolol, and probably β-
adrenergic receptor blockade in general, appear to be ineffective in prevent-
ing vasovagal syncope in the broad patient population.

Baseline Clinical and Tilt-Test Variables

Part of the explanation for the discrepant conclusions about β-adrenergic
blocker effect may relate to patient selection. There may be specific baseline
variables that predict a beneficial response to β-blockers, such as age, sinus
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tachycardia preceding syncope during tilt, and the requirement for isopro-
terenol to induce syncope. We examined the effect of age on outcome of
patients taking β-adrenergic blockers in a large population whose character-
istics were previously reported [12, 19]. A multivariate analysis showed that
age was an independent risk factor for the recurrence of syncope in patients
taking β-blockers but not in untreated patients. The relative hazard of recur-
rent syncope for patients taking β-blockers was 3.0 at age 20, 1.0 at age 42,
and 0.3 at age 70. Natale et al. reported an observational study of 112 patients
who were treated with metoprolol [21]. Patients responding to metoprolol
were older (55 ± 12 years vs 42 ± 15 years, P < 0.05). Age > 42 years was
associated with a lower likelihood of syncope on metoprolol (P < 0.02). This
was an unblinded observational study, and numerous confounding factors,
such as patient selection and the placebo effect, could have biased the find-
ings.

Accordingly the placebo-controlled Prevention of Syncope Trial con-
tained a prespecified secondary analysis of the effects of age on patient
response to metoprolol [18]. Patient randomisation was stratified at age 42,
which was the age of neutral response predicted from our previous unpub-
lished work. In a stratified analysis, we found a highly significant reduction
in the likelihood of syncope in subjects ≥ 42 years old, with no detectable
benefit in younger patients. Based on these studies, it seems clear that treat-
ment with β-blockers confers no benefit on younger patients, but might be
beneficial in older patients. Both studies were retrospective secondary analy-
ses but we still lack an adequately powered study targeting older patients.

Two studies also suggested that patients who do not faint during passive
drug-free tilt tests, but do so during an isoproterenol infusion are more like-
ly to benefit from β-blockers. Natale et al. [21] used multivariate analysis to
show that isoproterenol-dependent syncope gave an odds ratio of 3.6 as a
predictor of response to β-blockers. Leor et al. [22] reported isoproterenol-
dependent syncope predicted clinical outcome with positive and negative
predictive values of 94% and 37%, respectively. As both these were observa-
tional, open-label, retrospective studies, we tested this hypothesis prospec-
tively in the Prevention of Syncope Trial (POST) [18]. A majority of the sub-
jects underwent a standardised tilt test consisting of a preliminary passive
head-up tilt for 30 min followed, if necessary, by an infusion of isopro-
terenol. The effect of metoprolol on eventual clinical outcome was analysed
in patients who fainted during passive head-up tilt and in those who
required isoproterenol to induce a vasovagal response. The need for isopro-
terenol to produce a positive tilt test did not predict subsequent benefit from
metoprolol. These substudy results from POST conflict with those of two
previous reports [21, 22]. However, as POST was a prospective, randomised,
placebo-controlled study, it seems likely that the need for isoproterenol at
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baseline tilt testing does not predict eventual clinical response to metoprolol.
Finally, two groups reported observational studies showing that sinus

tachycardia during head-up tilt predicts an eventual response to β-blockers.
Leor et al. [22] reported that during a follow-up period of 18 ± 6 months
syncope recurred in only 9% of patients who had sinus tachycardia during
the baseline tilt test compared to 54% who did not have sinus tachycardia (P
< 0.01). Development of tachycardia was a better predictor of drug efficacy
than an isoproterenol-induced positive tilt test. Klingenheben et al. [22] per-
formed baseline head-up tilt, then treated patients with metoprolol and tilt-
ed them again. Syncope occurred during the second tilt test in only 17% of
patients who had sinus tachycardia during the baseline tilt test compared to
80% who did not have sinus tachycardia (P < 0.05). These interesting pre-
liminary results await confirmation in prospective randomised studies.

Patient Selection for �-Blocker Therapy

Clearly, β1-selective blockers are not effective in patients under 40 years of
age, and thus cannot be recommended for this group. Given the weakness of
the evidence, they should not be used generally as first-line therapy. There is
some evidence from non-randomised studies and from a POST subgroup
analysis that β1-selective blockers may be effective in patients older than 40
years. They might also be effective, although the data are weak, in patients
who develop sinus tachycardia preceding syncope during tilt testing. It
would therefore be prudent to recommend β-adrenergic blockers as therapy
for the prevention of vasovagal syncope only in older patients who have
already proven resistant to at least one medical attempt, or have another pos-
sible indication for β-blocker treatment. For example, one might reasonably
suggest that β-blockers be used for patients with both recurrent vasovagal
syncope and hypertension.
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Has Psychiatric Treatment Any Role in the Management 

of Vasovagal Syncope?

F. GIADA1, I. SILVESTRI2, A. ROSSILLO1, M. MADALOSSO1, P.G. NICOTERA2, A. RAVIELE1

Introduction

Syncope is a very frequent clinical symptom. About 30% of the general popu-
lation undergo one syncopal episode in their lifetime, while at least 3% faint
more than once. In most cases, the aetiology of syncope is vasovagal [1].

Vasovagal syncope is generally a benign and isolated event which does
not need specific interventions. However, some patients have frequent faint-
ing fits, often associated with major trauma and severe impairment of quali-
ty of life. The treatment of vasovagal syncope involves behavioural measures
for all patients, drug therapy for those who are most symptomatic, and pace-
maker implantation in a very limited and selected group of patients.
However, drug therapy has yielded disappointing results and, although pace-
maker implantation seems to restore quality of life to a normal level and
offer an attractive cost-effectiveness ratio, we have insufficiently compelling
data on the real efficacy of cardiac pacing for the treatment of vasovagal syn-
cope [1]. Thus, at the present time, treatment of patients with frequently
recurrent vasovagal syncope still remains a controversial issue.

In this paper we will discuss the possible role of psychiatric and/or psy-
chological interventions in the management of severe vasovagal fainters. We
will analyse the relationship between vasovagal syncope and psychiatric dis-
orders, how to perform psychiatric evaluation in subjects with syncope, and
the data regarding the effects of psychiatric treatment on syncopal recur-
rence.

1Division of Cardiology, Cardiovascular Department, Umberto I Hospital, Mestre-
Venice, Italy ; 2Division of Neurology, Umberto I Hospital, Mestre-Venice, Italy



Relationship Between Vasovagal Syncope and Psychiatric Disorders

Various factors seem to suggest an association between vasovagal syncope
and psychological disturbances. Acute emotional stress or fear can facilitate
and/or trigger vasovagal syncope [2, 3]; some psychiatric illnesses, such as
anxiety and depression, may trigger vasovagal reactions [4]; after reassur-
ance about the benign nature of their condition, vasovagal fainters have sig-
nificantly fewer syncopal recurrences [5]; the only drug shown to be effica-
cious in preventing vasovagal syncope in placebo-controlled studies is
paroxetine, an inhibitor of serotonin re-uptake commonly used as an anti-
depressant [6].

In the international literature, data about the prevalence of psychiatric
disorders and the quality of life of patients suffering from vasovagal syncope
are rather scanty and incomplete. Some studies have reported a high preva-
lence of psychiatric disorders such as anxiety, depression, somatisation dis-
orders, and alcoholism in patients with unexplained syncope [7–13].
Moreover, some authors have found that patients with recurrent syncope of
various aetiologies also suffered a significant reduction in their quality of
life in both the physical and the psychosocial domains [14–16]. The above-
mentioned studies, however, include some bias and confounding factors:
poor homogeneity of the study population (enrolled patients had syncope of
various origins, or were suffering from unexplained syncope); patients were
very often affected by co-morbid conditions in addition to syncope (with the
possibility that these concomitant illnesses may have affected the psycholog-
ical profile and quality of life of the patients examined); lack a suitable con-
trol group that is representative of the general population.

In a recently published study, we compared the psychological profile and
quality of life in patients with severe vasovagal syncope confirmed by posi-
tive tilt testing with full symptom reproduction and no concomitant associ-
ated diseases, with those obtained in a control group made up of healthy sex-
and age-matched subjects without syncope [17]. In this study we observed a
higher prevalence of mild or moderate psychiatric disorders in patients with
vasovagal syncope than in controls, especially with regard to anxiety, mood,
and somatisation disorders. Moreover, we observed a marked reduction in
all the quality of life scales in patients with vasovagal syncope in comparison
with controls, and in patients with psychiatric disorders versus those with-
out. Finally, the presence of psychiatric disorders constituted a potent risk
factor for recurrence during follow-up.

As all the above-mentioned studies were case-controlled observational
studies, no conclusion can be drawn as to whether the psychiatric disorders
were the cause or the result of the recurrent syncopal episodes, or represent
only a co-morbidity without any role in the pathogenesis of syncope.
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Vasovagal syncope and psychiatric disorders may be linked through the
serotonin pathway or, most probably, through input coming from the cortex
to the brainstem, the site where the vasovagal reflex develops.

How to Perform Psychiatric Evaluation in Patients with Vasovagal

Syncope

In patients with syncope psychiatric evaluation is generally performed by
mean of a structured interview with a psychologist and/or specific question-
naires. Among these, one of the most used is the Minnesota Multiphasic
Personality Inventory-2 (MMPI-2) questionnaire. The MMPI-2 is a widely
recognised instrument for assessing the psychological profile of adult sub-
jects [18, 19]. Made up of over 500 items, the questionnaire uses specific
scales to explore various aspects of the individual’s personality. After psychi-
atric assessment, clinical diagnoses are formulated in accordance with the
criteria of the Diagnostic and Statistical Manual of Mental Disorders-IV
(DSM-IV) [4]. Assessment of quality of life is generally by means of specific
questionnaires. The Short-Form Health Survey (SF-36) questionnaire is an
international standardised instrument for assessing the general state of
health [20, 21]. It is often employed to evaluate the impact of syncope on the
patient’s physical and psychological functions.

Effects of Psychiatric Treatment on Syncopal Recurrence

In the literature, data regarding the effects of psychiatric interventions in the
treatment of patients with vasovagal syncope are rather limited, and consist
mostly of single case reports or case series. In these small studies psy-
chotherapy and/or pharmacotherapy were employed in patients with refrac-
tory vasovagal syncope and in those with blood/injury phobia.

Vasovagal Syncope

Cognitive behavioural therapy, like biofeedback and relaxation, is used to
teach patients to apply realistic and reassuring thoughts to physical symp-
toms they see as alarming, with the aim of developing more adaptive beliefs
about their ability to manage and cope with syncope, and to regain self-
assurance in situations that provoke syncope. McGrady et al. undertook a
randomised, controlled trial involving 22 patients with refractory vasovagal
syncope [22]. They reported a significant reduction in syncopal recurrence
in patients randomised to undergo biofeedback and relaxation therapy with
respect to controls. The treatment was most effective in younger patients
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whose syncope was associated with a strong psycho-physiological response.
Similar encouraging results were reported by Newton et al. in a case series of
9 patients with severe vasovagal syncope [23]. In this open label study, cogni-
tive behavioural therapy resulted in a dramatic reduction of syncopal
episodes.

Linzer et al. [8], in a open label study, used psychotherapy plus pharma-
cotherapy to treat 11 patients with syncope of unknown origin and psychi-
atric disorders, and obtained resolution of symptoms in the majority of
patients. Kadri et al. [24] used clonazepam, a well-tolerated benzodiazepine,
in 35 patients with refractory vasovagal syncope and anxiety or sleep disor-
ders. In this non-randomised, non-placebo-controlled observational study,
83% of patients were free of syncopal recurrence during follow-up.

Blood/Injury Phobia

Blood/injury phobia is a common psychiatric disorder (2–4.5% of children
and adults), in which fear can be triggered by seeing blood, by undergoing
an invasive medical procedure, or by sustaining an injury. It is highly famil-
ial, and is usually associated with vasovagal reaction and syncope.
Psychological deconditioning is considered the first choice therapy for this
condition. During psychological deconditioning patients are exposed to pho-
bic stimuli (such as the sight of blood) and taught to apply muscle tension.
They are generally also treated with cognitive behavioural therapy. Ost et al.
reported, during 1-year follow-up, an improvement in symptoms in 84–90%
of patients after one to five sessions of psychological deconditioning [25].
Similar good results were also reported in case series by Van Dijk et al. [26],
Hellstrom et al. [27], and Marks [28].

Conclusions

Patients with recurrent vasovagal syncope frequently display mild to moder-
ate psychiatric disorders, and the presence of psychiatric illness seem to pre-
dict the risk of recurrence. Thus, in our opinion, psychiatric evaluation
should be included in the clinical management of patients with severe vaso-
vagal syncope, because it may be valuable in identifying which subjects are
at high risk of recurrence and really need long-term treatment.

Psychiatric and psychological interventions seem to represent a promis-
ing treatment, at least in patients with refractory vasovagal syncope and in
those with blood/injury phobia. However, before becoming a first-line thera-
py for most vasovagal fainters, the positive effects of psychiatric treatment
need to be verified in larger, randomised and placebo-controlled trials.
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Familial Vasovagal Syncope: Clinical Characteristics and

Potential Genetic Substrates

A. GONZÁLEZ-HERMOSILLO, M.F. MÁRQUEZ, M. VALLEJO, K.I. URIAS, M. CÁRDENAS

Introduction

Vasovagal syncope (VVS) is a common clinical problem that has been the
subject of extensive research in recent years. In this type of syncope, which
affects all age groups, cerebral hypoperfusion develops as a consequence of
abnormal autonomic control of the circulation, leading to hypotension with
or without bradycardia. Estimates are that approximately 12–48% of healthy
young adults and 6% of older individuals suffer from recurrent syncopal
events, and the quality of life may be compromised by the condition [1].
Syncopal events that do not reach medical attention occur much more fre-
quently. In fact, recently published results of a survey of students averaging
20 years of age demonstrated that about 20% of males and 50% of females
had experienced at least one syncopal episode [2]. While the exact aetiology
and pathophysiologic processes involved in VVS have yet to be fully elucidat-
ed, a basic understanding has begun to emerge. Studies have shown that the
autonomic nervous system plays a fundamental role in the pathophysiology
of VVS [3]. Several lines of evidence indicate the presence of central and
peripheral abnormalities of sympathetic function. A better understanding of
the pathophysiology of VVS could provide a more rational basis for therapy
and help to optimise the resources currently used to obtain a diagnosis.

Under some circumstances, a diagnosis of VVS can be made based on the
clinical history and is often confirmed by tilt testing. Therapy is aimed at
preventing or reducing the recurrence of syncope.

Calkins et al. [4], in a study done at a tertiary-care centre, estimated that
up to US $16 000 of unnecessary testing may be performed on patients who
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ultimately receive a diagnosis of VVS, emphasising the difficulty of making
the diagnosis.

Family History in Vasovagal Syncope

In VVS, especially when confirmed, there is frequently a positive family his-
tory, especially when the onset is below the age of 20. A case control study by
Camfield and Camfield [5] showed that among children with VVS a signifi-
cant proportion, 27/30 (90%), had a parent or sibling with syncope, an asso-
ciation not seen in control subjects. In this study, none of the patients’ best
friends fainted, although 33% (8/24) of their friends had a first-degree rela-
tive with syncope. Mathias et al. [6] reported a familial tendency for VVS in
patients with an onset before the age of 20. A family history of VVS was
found in 57% (33/58) of these patients compared with 18% (11/61) with a
later onset. Of the 44 with a family history, 73% had a least one parent or
child with a VVS. They included four patients with a family history over
three generations, and one who had a twin sister with syncope. In 9%, a sib-
ling was the only relative with VVS; 18% had a grandparent, aunt, uncle, or
cousin with VVS. Most adult-onset patients with VVS did not have a family
history. In those with a family history, 73% had a parent or child with a his-
tory of VVS, but only 27% (n = 12) had other relatives with syncope [6].

A study from Newcastle, UK, suggested that in at least 20% of patients
with recurrent syncope, other members of the family had experienced syn-
copal symptoms, suggesting familial clustering of VVS and that this syn-
drome has a significant inheritable component [1]. From a data base of the
Royal Victory Infirmary, researchers identified 603 individuals with a diag-
nosis of VVS. Of these, 441 (81%) answered a postal questionnaire, of whom
84 (19%) described a positive family history for faints and 75 (89%) supplied
details of first-degree relatives. Overall, of the 389 first-degree relatives, 145
were affected (37.2%). The total number of siblings in affected families was
145, with 47 (32.4%) affected. The total number of offspring was 102, with 42
affected (41%) [1]. Further evidence for a genetic basis to this condition is
provided by examining haemodynamic responses to head-up tilt in first-
degree relatives of patients with VVS. Newton et al. [1] described a total of 11
first-degree relatives from six families who agreed to undergo the head-up
tilt test with nitrates provocation. Seven were affected and four unaffected.
All eleven individuals had abnormal responses to tilt testing: five out of the
11 subjects tested became hypotensive in association with symptoms, three
of these were affected subjects who had full reproduction of presyncopal
symptoms and the remaining two were unaffected subjects who experienced
symptoms that clinically resembled those experienced by ‘fainters.’ Neither
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of the latter two subjects could recall a prior similar experience. Of the
remaining six tested subjects, five became tachycardic (four previously
affected subjects experienced presyncopal symptoms and one previously
unaffected subject experienced new symptoms clinically consistent with pre-
syncope). The remaining subject who was previously unaffected developed
syncope in association with bradycardia, although he had never experienced
these symptoms before. This finding suggests that first-degree relatives of
those with VVS, even if they do not express the syncopal phenotype, still
have a vasovagal reaction tendency. Intriguingly this raises the possibility of
incomplete penetrance of a genetic disorder or ‘genetic variability’ in unaf-
fected first-degree relatives of VVS patients. One alternative explanation is
that VVS is a complex trait arising from the interaction between one or more
alleles and the environment. Environmental factors may include infectious
agents, medication, nutrition, toxins, and stress [1]. Therefore, the inherited
tendency to faint may be multifactorial but requires an environmental stim-
ulus for expression. Another alternative is that the disorder represents an
autosomal recessive condition, but with a relatively common frequency of
the recessive allele [7].

Recently [7], the findings from a family that showed VVS inheritance in at
least three generations, in absence of any cardiac or autonomic abnormali-
ties, were reported. The proband was a 10-year-old child with an 18-month
history of recurrent syncopal episodes. The proband’s sibling had developed
syncopal episodes at the age of 12. Their father had suffered from occasional
syncopal episodes, and the paternal uncle also had similar symptoms. A
child of the proband’s uncle also developed syncope at the age of 10. The
other child provided no history of syncopal events, though one possible pre-
syncopal event was noted. The paternal grandfather, and his brother and sis-
ter had all suffered presyncopal events during their early to late teens.
Although it was not possible to ascertain whether the great-grandparents
had experienced syncopal events, there was some suggestion that the great-
grandfather may have experienced them, There was no evidence for syncope
in the proband’s mother’s family. No family members had abnormal auto-
nomic function or heart-rate variability when compared with age and sex
controls. In the proband, the tilt test confirmed the diagnosis of VVS with
hypotension and reproduction of syncope. In the seven family members
originally described as affected or possibly affected, on clinical evaluation all
had symptom reproduction during tilt testing. In the three unaffected family
members who underwent tilt testing, two were normal (mother and mater-
nal grandmother).The third (paternal grandmother) had hypotension in
association with presyncope, which she had never experienced previously.
The pedigree of this family suggests that familial VVS may be an autosomal
dominant disorder with incomplete penetrance in some individuals.
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Assessment of the phenotype of this common condition allows better char-
acterisation of affected and unaffected family members and, using whole
genome scanning and linkage analysis in suitable families, will potentially
lead to identification of the responsible locus [7].

We have reported two groups of monozygotic twins, from different fami-
lies, and a family with several members affected with VVS. One set of twins
consisted of male patients with no history of syncope in their parents or rel-
atives. The other set consisted of females with a history of syncopal attacks
in their mother. Tilt testing was positive in all [8]. In another family, the
proband was a 20-year-old woman referred to our unit with a 4-year history
of recurrent syncopal episodes, the father, a brother, and two sisters were
affected and all had a positive tilt test.

These data alone strongly indicate that genetic factors play a role in the
aetiology of VVS. However, it is difficult, if not impossible to define whether
familial syncopes have a genetic basis or are due to the high frequency of
this symptom in the general population.

Mendelian Forms of Hypotension

Several genetic determinants that control blood pressure and cardiovascular
responses are known, with some being possible candidates for a gene caus-
ing familial VVS.

Identification of the molecular basis of several autosomal-dominant
forms of hypertension has permitted unambiguous identification of mutant
gene carriers, allowing the spectrum of blood pressures in gene carriers to
be assessed. Some family members who have inherited these mutations have
normal or only minimally elevated blood pressures, which suggests that, just
as there are alleles that raise blood pressure, there are likely to be alleles in
the population that lower blood pressure [9].

One approach to this problem to determining the genetic basis of VVS is
to identify mutations causing recessive forms of severe hypotension; het-
erozygous carriers of these same mutations, which will be much more preva-
lent than their homozygous counterparts, may be protected from the devel-
opment of hypertension. Once relevant mutations are identified, the hypoth-
esis that the heterozygous state lowers blood pressure can be tested [8]. Most
of the patients with VVS have a long history of arterial hypotension during
their youth. In 1996, the molecular causes of two inherited forms of hypoten-
sion were reported. Autosomal recessive pseudohypoaldosteronism type 1
(PHA-1) is characterised by life-threatening dehydration in the neonatal
period, marked hypotension, salt-wasting, a high serum potassium level,
metabolic acidosis, and marked elevation in plasma rennin activity and
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aldosterone levels. Genetic analysis of affected offspring of consanguineous
unions demonstrated linkage of this disease to segments of either chromo-
some 12 or 16, each of which contains genes encoding different subunits of
the epithelial sodium channel (ENaC). Examination of the ENaC subunit
genes in families with PHA-1 revealed mutations that result in loss of func-
tion [8]. This was previously known from familial forms of defects in renal
salt handling, such as Gitelman’s syndrome, which is due to mutations and
loss of function of the renal sodium-chloride cotransporter (NCCT) that
increase salt clearance and lead to hypotension [10]. Gitelman’s syndrome is
an autosomal recessive trait characterised by low serum potassium and high
serum bicarbonate levels, renal salt wasting, low urinary calcium excretion,
low serum magnesium levels, and an activated renin-angiotensin system.
Patients with this disorder have low blood pressure and neuromuscular
abnormalities. The gene causing Gitelman’s syndrome has been mapped to a
region of chromosome 16 that contains the gene encoding the renal thiazide-
sensitive NA-Cl co transporter, which mediates reabsorption of sodium and
chloride [11].

Genetic Catecholamine Disorders

Many syndromes associated with orthostatic intolerance show similarities to
VVS, suggesting a potential overlap and possible common aetiology [12].
Postural orthostatic tachycardia syndrome (POTS) is a disabling chronic dis-
order characterised by tachycardia, symptoms of cerebral hypoperfusion,
and sympathetic activation. Most attempts to explain the hyperadrenergic
state in these patients have focused on an increased release of norepineph-
rine (NE) in response to the change from supine to upright posture. An alter-
native explanation is an abnormality in the clearance of the NE from the
synaptic cleft. Recently, a missense mutation (converting alanine to proline)
in the human NE transporter (NET) gene A457P, located on chromosome
16q12.2, was identified in an individual and her identical twin suffering from
POTS [13]. This mutation renders the transporter nonfunctional. In these
subjects, the release of NE into the synapse is normal, but reduced amounts
are taken back up into the sympathetic nerve terminal as a result of the
decreased activity of NET. Spillover of NE into the circulation is increased,
and more NE is available in the synapse to interact with adrenergic recep-
tors. However, the A457P mutation does not explain all cases of POTS. The
mutation was not present in any of 254 unrelated persons, including normal
subjects, patients with hypertension, and other patients with orthostatic
intolerance. Furthermore, although family members who had the mutation
also had some of the physiologic and biochemical abnormalities detected in
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the proband and her twin sister, none had the full-blown syndrome.
Dopamine-β-hydroxylase (DBH) is the enzyme responsible for intraneur-

al conversion of dopamine to NE. Its deficiency results in failure of NE syn-
thesis, excessive dopamine release, orthostatic hypotension, and, sometimes,
ptosis of the eyelids. Subjects with DBH deficiency syndrome have worsen-
ing symptoms in late adolescence, including reduced ability to exercise, nasal
stuffiness, dyspnoea, nuchal discomfort, precordial pain, syncope, and fre-
quent postural symptoms [15]. The DBH gene maps to chromosome 9q34,
and several mutations of the DBH gene that cause this very rare syndrome
have now been identified. Kim et al. [14] identified seven novel variants,
including four potentially pathogenic mutations, in the human DBH gene of
two unrelated DBH-deficient patients and their families. A sole finding of
absent plasma DBH is insufficient, since about 4% of the population lacks
DBH. Once the specific enzymatic defect for DBH deficiency had been eluci-
dated, investigators were able to devise a better treatment. A favourable long-
term result has been achieved with l-dihydroxyphenylserine (l-DOPS). This
agent is a prodrug acted upon by endogenous dopa-decarboxylase to yield
NE. The administration of DOPS to DBH-deficient patients resulted in dra-
matic increases in blood pressure and in restoration of plasma and urinary
levels of NE to nearly normal [15]. The successful treatment of DBH defi-
ciency encourages us to hope that other autonomic disorders may one day
also yield to genuinely effective therapeutic intervention.

Streeten et al. [16] described a familial form of postural orthostatic
hypotension with marked rise in heart rate, syncope, and associated cuta-
neous dilatation in the face and lower limbs. The findings have been attrib-
uted to excessive bradykinin levels. Recently, DeStefano et al. [17] showed
linkage in these families to a 25cM region of chromosome 18q between
18S858 and 18S541. Whilst no specific mutations in any genes have been
described in this particular syndrome, the renal urea transporters HUT1 and
HUT2 are located in this region and polymorphism in the latter is known to
be associated with reduced diastolic blood pressure in males [18].

There are other hereditary autonomic disorders associated with orthosta-
tic hypotension. In the majority there are associated neurological deficits. It
is far beyond the scope of this chapter to review every autonomic disorder.
Interested readers are referred to an excellent text on the subject [19].

Conclusions

Disturbances in autonomic function can result in a wide variety of condi-
tions that may ultimately culminate in the loss of consciousness. Success in
identification of genes conferring susceptibility to hypotension and its clini-
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cal sequelae is expected to provide new insights into the pathophysiology of
this condition and lead to development of highly accurate genetic tests, per-
mitting identification of subjects with specific inherited susceptibility. These
insights may permit intervention at preclinical stages with therapies tailored
to underlying primary abnormalities, improving efficacy of treatment
(nowadays, mostly empirical), and reducing morbidity from these diseases.
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