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Clinical practice is evolving at a rapid pace, nowhere more so than in the field of
cardiology. Acute Coronary Syndromes, Sudden Cardiac Death, Heart Failure,
Atrial Fibrillation, Syncope, and Prevention of Global Cardiovascular Risk are the
main Emerging Pathologies to which many investigators are addressing their
researches. Less than 10 years ago, some of them were considered of relevance
only to internists, and some others as a common benign arrhythmia or an
ineluctable illness. Today, their prevalence amongst the population represents
one of the major public health problems at the beginning of the third millenni-
um.

The need to have a state of the art overview of the epidemiology, physiopatho-
logical and electrogenetic mechanisms, diagnosis, pharmacological or electrical
treatment, prognosis, patient management in and out of hospital, organisational
and economical implications of these emerging pathologies and the success of the
previous edition inspired us to organise the second edition of this biannual
International Meeting.

This book contains the Proceedings of the Mediterranean Cardiology
Meeting held in Taormina, Italy, 7–9 April 2005. Like the previous volume, it
boasts the participation of many nationally and internationally renowned speak-
ers in the field of clinical and interventional cardiology who will interact actively
with the delegates.

The book is divided into eight sections, each devoted to a different topic:
Emerging Concepts in the Assessment of Acute Coronary Syndromes and Global
Cardiovascular Risk; Atrial Fibrillation: the Current Clinical Approach; Cardiac
Resynchronisation Therapy: New Therapeutic and Diagnostic Perspectives in
Heart Failure Management; Managing Sudden Death: Selection of Patients, Drugs,
and Devices; New Trends in Physiological Pacing and Optimal Pacing Sites;
Haemodynamic Sensing in the Control of Pacing Function; Syncope: Practical
Issues of Diagnosis and Treatment; Latest Technologies in Cardiovascular
Imaging: An Update for the Clinical Cardiologist.

It aims to provide the latest information about the most recent and modern
aspects of the above mentioned pathologies. It is intended not only for cardiolo-
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gists, but also for those who are actively interested in the evidence-based 
approach to clinical care, such as internists, emergency and critical care clini- 
cians, physicians of general medicine, fellows, students, nurses, and technicians. It 
may also be helpful for those engaged in the development and coordination of 
research strategies in biological engineering, industry, and regulatory affairs, 
who have a high interest in the overall management of these cardiac pathologies. 

A Faculty, selected from leading Italian and foreign experts in the field, 
ensures the highest quality of this volume: the publications of many of them have 
contributed to the scientific development and influenced many of our profes- 
sional considerations and decisions. I am really most indebted to all these 
authors, who have devoted the invaluable time and effort without which this 
book would not have been completed. 

I also wish to thank the staff of Springer, and in particular Donatella Rizza, 
Executive Editor, who has facilitated the publication of this book since the first 
edition of the Mediterranean Cardiology Meeting, and who has kindly assisted 
me throughout. Special and deep words of thanks are addressed to Rita Reggiani, 
professional, tireless, and very kind Project Leader of Adria Congrex, who has 

helped and supported me in achieving the best possible organisation of this 
International Meeting, together with her staff members Silvana and Maristella. 

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

In addition, I would like to thank my co-workers Asmundo, Cacia, Compa- 
gnone, Francese, Portale, Raciti, Ragusa, Rubino, Vitale, and all the nursing staff 
of my division at the S. Luigi-S. Currb Hospital of Catania for their active col- 
laboration and support during these years of work and for the organisation of 
this Meeting. 

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

Michele Gulizia 
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Pathogenetic and Immunological Paradigm of Atherosclerotic
Plaque

G. CALCARA, C. CORNO

Atherosclerosis is the ‘mother’ of ischaemic cardiopathy, of cerebrovascular
disease, and of peripheral vasculopathy, and consequently is the indirect
cause of the majority of deaths and disability in the world. The general view
of the atherosclerotic process has changed; attention to the chronic degener-
ative aspects has been replaced by the dominant hypothesis that considers
atherosclerosis to be an inflammatory process of the arterial vascular wall [1,
2]. Atherosclerotic plaque thus represents a specific inflammatory response
of the arterial wall to various damaging phlogogenic stimuli identified in the
classical risk factors, such as hypercholesterolaemia, arterial hypertension,
diabetes mellitus, cigarette smoking, obesity, being male (men are more at
risk than women), insufficient physical activity, a history of atherosclerosis
in the family, and ageing.

The 25% of patients who suffer cardiovascular problems during youth
show none of the classical risk factors. Clinical research has identified at
least a hundred additional conditions that may better indicate a tendency to
future cardiovascular events. Among the well known and highly studied are
homocysteine, lipoprotein (a), oxidative stress, fibrinogen, factor VII, protein
C–reactive (PCR), adhesion molecules, and advanced glycation end-prod-
ucts.

Endothelial anatomical injury is not necessary for the start-up of the ath-
erosclerotic plaque, but it is a consequence of functional alteration of the
endothelium (endothelial dysfunction) [3]. The endothelium represents the
critical cellular interface that governs the homoeostasis of the arterial wall.
Under physiological conditions the effect of the paracrine endothelial sub-
stances consists in:
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− Maintenance of blood fluidity (function: anti-aggregation and anticoagu-
lant)

− Maintenance of normal vascular tone
− Control of vascular inflammatory process and smooth muscle cell prolif-

eration (function: antiphlogistic)
The endothelial activation involves a pro-coagulant effect due to a major

synthesis of tissue factor that, associated with a reduced synthesis of throm-
bomodulin, heparin, and heparan sulphate, reduces the anticoagulant poten-
tial. The reduced synthesis of tissue plasminogen activator (tPA) and the
increased level of PAI-1 reduces the fibrinolytic potential of the endotheli-
um.

The functional control alteration of the vascular tone is due to reduced
production of nitric oxide and of PGI2. The immunophlogistic effect is due
to:
− Production of endothelial chemotactic factors (M-CSF, GM-CSF), a high-

er expression of adhesion molecules (ELAM, ICAM, E-selectin) that facil-
itate the migration from the lumen to the vessel wall of inflammatory
cells (leucocytes) [4]

− Production of inflammatory cytokines (IL-1, TNF-α)
− Production of growth factors (PDGF, TGF-β, PGF-basic)

The onset, progression, and consequent clinical manifestation of athero-
sclerotic plaque represents the inflammatory process of the arterial wall acti-
vated by risk factors.

Take the low-density lipoproteins (LDL), one of the classical risk factors.
The early events of the atherosclerotic process are characterised by the
migration of monocytes from the lumen to the arterial wall [5], helped by
the endothelial expression of adhesion molecules and by the risk factors, in
this case the oxidated LDL. The involvement of the adhesion molecules in the
migration happens in three phases. The first phase is facilitated by the inter-
action between the E-selectin of the endothelium and the glycosidic ligand
cells of the monocyte membrane. It is characterised by monocyte rolling.
The second phase is facilitated by the interaction between MCP1 of the
endothelium and the monocyte serpentine receptors that cause some modi-
fications facilitating the interaction among the monocyte LFA-1, Mac-1, and
VLA-4 and ICAM, VCAM, and PECAM of the endothelium that is the basis of
the stop, flattening, and diapedesis of the monocytes (third phase).

Migrated into the vessel wall, the macrophage–monocytes express the
scavenger receptors that interact with the modified LDL, becoming trans-
formed into foam cells [6] that, activating themselves, produce proinflamma-
tory cytokine and growth factors. These interact accordingly with the
endothelial receptors and the smooth muscle cells that migrate to the intima
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and are able to secrete collagen fibres. The progression of the plaque is char-
acterised by the migration of subsets of Th1 lymphocytes assisted by adhe-
sion molecules whose increased expression is induced by cytokines (IL-1,
TNF-α) produced by the activated macrophages (Fig. 1).

Still to be clarified is the simultaneous appearance of the adhesion and
endothelial molecules that diffuse and represent traffic signals for the migra-
tion of the leucocytes from the lumen to the vessel walls. Since each gene
synthesises a single protein molecule, their ‘coordinated’ activation must be
due to the involvement of one or a few transcription factors (NF). The NF-kB
system [7] is made of heterodimeric proteins caught in the cytoplasm, linked
to a kB inhibitor (IkB), and it has been documented that the various risk fac-
tors that increase the production of the adhesion molecules act to start the
oxidative stress, producing reactive species of the O2 superoxide anion and
peroxide H. The reactive oxygen species (H2O2, O2) cause degradation of the
NF inhibitors, making them available to interaction with the promoter
region of the genes for adhesion molecule synthesis (Fig. 2) [8].

The subsequent interaction between macrophage and Th1 lymphocyte
causes the lymphocyte production of IFN-γ that has an important role in the
instability of the plaque.

5Pathogenetic and Immunological Paradigm of Atherosclerotic Plaque

Fig. 1. Early events of the atherosclerotic process



The biological effect of the IFN-γ is to attach to the macrophage and to
the smooth muscle cells, causing increased production of matrix metallopro-
teinase and inhibition of the proliferation of CML with consequently
reduced production of collagen and amorphous fundamental substance [9].

Enhanced MMP9 production by macrophages in symptomatic plaques is
caused by the enhancement in PGE2 synthesis as a result of the induction of
the functionally coupled COX2/mPGES–1. This causes early degradation of
the fibrous component which, associated with reduced production of the
fibrotic component, causes degradation of the fibrous cap and thus a fissur-
ing or rupture of the plaque (Fig. 3).

The physiopathological events responsible for transforming a fissured
plaque into a clinical manifestation are characterised by an interaction
between the tissutal factor (TF) of macrophagic source and factor VIIa,
which through the activation of factor X causes the formation of the ‘activa-
tor complex of prothrombin’ (Xa, Va, platelet membrane phospholipids,
Ca2+), with production of thrombin and consequently of fibrin and forma-
tion of thrombus. Furthermore, the increased endothelial production of PAI-
1 reduces the spontaneous fibrinolytic activity.
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The role of the platelets in the progression to and during the course of
atherosclerotic disease has recently been emphasised. The interaction
between the CD40L of platelet production and the CD40 expressed on the
endothelial cells and on the macrophages is involved in the pathogenesis of
atherosclerosis, provoking a complex of inflammatory reactions with
endothelial production of VCAM-1, ICAM-1, E-selectin, MCP1 and produc-
tion of reactive oxygen species from macrophage activation, legitimating the
role of CD40L inflammatory marker as predictive criteria risk for cardiovas-
cular events [10]. The platelet activation is preceded by recruitment and acti-
vation of polymorphonuclear neutrophils (PMNs), despite their apparent
insignificance in coronary atherogenesis, has been shown an increased
degranulation within the coronary circulation in acute coronary syndrome.

One of the principal mediators secreted on PMN activation is myeloper-
oxidase, which displays potent pro-atherogenic propert ies [11].
Myeloperoxidase can oxidise LDL cholesterol, amplifying and perpetuating
foam cell formation, activate metalloproteinase, and consume endothelium-
derived nitric oxide.
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Conclusions

Inflammation plays a key role in atherosclerosis. A number of different bio-
markers of inflammation are measurable in blood. These include cytokines,
chemokines, soluble adhesion molecules, and acute-phase reactants. The
first three of these groups of molecules are not routinely available in clinical
laboratories. In contrast, however, C-reactive protein is readily measurable,
and numerous clinical studies have demonstrated its usefulness as a marker
of atherosclerotic risk [12, 13]. Other independent predictive risk factors of
cardiovascular events are: myeloperoxidase, serum CD40L (sCD40L),
adiponectin, and vWF.

Given its pro-inflammatory properties, myeloperoxidase, produced by the
activated PMNs, could be utilised as a marker and mediator of vascular
inflammation, confirming the importance of activated PMNs in the phys-
iopathology of the acute coronary syndrome.

The different combinations of immunocompetent cells (macrophage-
–monocytes and T lymphocytes), of the vascular wall cells, of atheronecrotic
material, and of fibrous material regulated by cytokines and growth factors
produced by the same cells, allow us to say that every plaque is different
from the next. This combination is responsible for the clinical manifestations
of coronary atherosclerosis that affect only 5–10% of the individuals who
have these lesions.

This hypothesised physiopathological and pathogenetic paradigm is a
useful reference point for therapeutic strategies and prevention.
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Are a Single Measurement of Troponin-I and C-Reactive
Protein of Clinical Significance in Patients with Acute Coronary
Syndromes?

L. OLTRONA, R. PIROLA

Clinicians have become increasingly sophisticated in their application of car-
diac biomarkers in the management of acute coronary syndromes. In the
1950s, clinical investigators first reported that proteins released from necrot-
ic cardiac myocytes could be detected in the serum and could aid in the
diagnosis of acute myocardial infarction. The ensuing 40 years witnessed
progressive improvement in the cardiac tissue-specificity of biomarkers of
myocardial necrosis and a corresponding enhancement in the clinical sensi-
tivity and specificity of their use for establishing the diagnosis of acute
myocardial infarction.

In recent years, novel biochemical markers have been demonstrated to
play a pivotal role in diagnosis, risk stratification, and guidance of treatment
of acute coronary syndromes, complex clinical conditions with multiple
causes: as such, treatment is likely to be most effective when directed at the
underlying cause of the disease. Five principal causes of acute coronary syn-
dromes have been described: (1) plaque rupture with acute thrombosis, (2)
progressive mechanical obstruction, (3) inflammation, (4) secondary unsta-
ble angina, and (5) dynamic obstruction (coronary vasoconstriction) [1]. It
is rare that any of these contributors exists in isolation. However, patients
with acute coronary syndromes may vary substantially with respect to the
mixture of contributions from each of these major mechanisms and are like-
ly to benefit from different therapeutic strategies [1]. Moreover, the risk of
subsequent death and/or recurrent ischaemic events among patients with
acute coronary syndromes also varies widely, depending on the presence or
absence of irreversible myocyte injury, the haemodynamic consequences of
ischaemia and/or infarction, and the extent and tempo of atherosclerotic
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vascular disease. With the emergence of novel, sensitive biomarkers of
inflammation, myocyte necrosis, vascular damage, and haemodynamic
stress, it is becoming possible to characterise non-invasively the participa-
tion of different contributors in any individual patient.

There is solid evidence from numerous studies that the unstable patient
with elevated troponins has a nine-fold increased risk for myocardial infarc-
tion or death in the next 30 days [2]. Consequently, the American College of
Cardiology/American Heart Association guidelines [3] as well as the
European Society of Cardiology Task Force Report [4] incorporated troponin
measurements into their diagnostic algorithms for patients with acute coro-
nary syndromes.

Over the past decade, the emergence of convincing evidence for the value
of cardiac troponin in guiding therapy has dramatically accelerated the inte-
gration of cardiac biomarkers into clinical decision making for patients with
acute coronary syndromes. Concurrently, advances in our understanding of
the pathogenesis and consequences of acute coronary atherothrombosis
have stimulated the development of new biomarkers and created the oppor-
tunity for an expanded role of multiple biomarkers, some old and others
new, in the classification and individualisation of treatment for acute coro-
nary syndromes [5–7]. For example, detection of cardiac troponin in the
blood of patients with non-ST-elevation acute coronary syndromes is not
only indicative of myocardial necrosis, but is also associated with the pres-
ence of intracoronary thrombus and distal embolisation of platelet microag-
gregates [8]. These pathobiological links to elevated levels of cardiac tro-
ponin are likely to underlie, at least in part, the value of this biomarker in
targeting potent antithrombin and antiplatelet therapy.

Inflammation has an essential role in the pathogenesis of atherosclerosis
[9] and is also a consequence of myocardial damage. Elevated markers of
inflammatory activity are associated with an increased risk of future cardio-
vascular events in healthy individuals [10, 11] and in patients with stable
[12] and unstable coronary artery disease [13–16]. High-sensitivity testing
for C-reactive protein (CRP) has emerged as a convenient tool for detecting
low-level systemic inflammation that portends a higher risk of developing
atherothrombotic vascular disease [17] and poor short- and long-term prog-
nosis in patients after acute coronary syndromes [14, 16]. Although the pre-
cise mechanistic links between inflammation and risk in acute coronary syn-
dromes are not conclusively established, it is plausible that elevated levels of
circulating markers of inflammation reflect an intensification of focal
inflammatory processes that destabilise vulnerable plaques [17]. Moreover,
growing evidence implicates CRP as a mediator, in addition to a marker, of
atherothrombosis [18].

However, many practical aspects of optimising the sampling protocols in
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the emergency unit and combining troponin measurements with other
markers in the clinical routine setting still need to be clarified. There is gen-
eral consent that a single test for troponins on the arrival of the patient to
the hospital is insufficient because a single test can miss 10–15% of at-risk
patients. The timing of the second test has not yet been clearly defined. The
European Society of Cardiology (ESC) recommends repeating troponin test-
ing 6–12 h after arrival in the emergency unit [4]. The American version
asks for a repeat test 8–12 h after the onset of pain – a minor, but sometimes
decisive difference in perception in the work-up of the individual patient [3].
Previous studies before the era of troponins had suggested a 12-h rule-out
strategy [19]. Troponins have helped to shorten and to improve the diagnos-
tic work-up. A prospective study using troponin T and troponin I bedside
tests proposed an interval of 6 h to identify high-risk patients [20].

The World Health Organization (WHO) has traditionally defined myocar-
dial infarction as requiring the presence of at least two out of three diagnos-
tic criteria, namely, an appropriate clinical presentation, typical changes in
the electrocardiogram (ECG), and raised ‘cardiac’ enzymes, essentially total
CK or its MB iso-enzyme (CK-MB) activities [21]. In 2000, the ESC and
American College of Cardiology (ACC) committee published its consensus
recommendations for a new definition of myocardial infarction [22]. In par-
ticular, the ESC/ACC definition of acute myocardial infarction requires the
rise and fall of the biochemical marker of myocardial necrosis together with
other criteria, comprising ischaemic symptoms, the development of patho-
logical Q waves, ischaemic ECG changes, or a coronary artery intervention
[22]. Thus, according to the WHO definition, an acute myocardial infarction
could be diagnosed without biochemical evidence of myocardial necrosis,
while the ESC/ACC criteria stipulate that the biomarkers be elevated and
subsequently be shown to fall in the appropriate clinical context. Quite
simultaneously with the ESC/ACC re-definition of myocardial infarction,
other expert committees published companion documents, according to
which, in patients with no ST-segment elevation at ECG, but with ischaemic
symptoms, a positive cardiac troponin result identifies those who have non-
ST-segment elevation myocardial infarction (NSTEMI) and who could bene-
fit from aggressive medical therapy [3, 4]. The new consensus documents
have therefore based the new definition of myocardial infarction on bio-
chemical grounds – a choice that was guided by the advent of new markers
of myocardial necrosis, such as cardiac troponins [23–25]. The superior clin-
ical value of troponin comes from its higher sensitivity to smaller myocar-
dial injury and its virtually total specificity for cardiac damage [26]. Despite
the ability to detect quantitatively smaller degrees of myocardial necrosis,
cardiac troponins need 4–10 h after symptom onset to appear in serum, at
about the same time as CKMB elevations become detectable, and peak at
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12–48 h, then remaining abnormal for several days [27]. In applying the
results of cardiac troponin testing to the defining of myocardial infarction,
one should keep in mind that these markers actually reflect myocardial
necrosis but do not indicate its mechanism. Thus, an elevated value in the
absence of clinical evidence of ischaemia should prompt a search for other
causes of cardiac damage. Many non-ischaemic pathophysiological condi-
tions can cause myocardial necrosis and therefore elevations in cardiac tro-
ponin concentrations Strictly speaking, even in the ‘troponin era’, the diag-
nosis of myocardial infarction remains clinical. Measurement of cardiac tro-
ponin provides a valuable diagnostic test for myocardial infarction only
when used together with other clinical information. Ideally, three measure-
ments of cardiac troponin are suggested, with a sampling frequency of hos-
pital admission, 6 and 12 h later, to demonstrate changing values.

From the point of view of risk definition, too, troponin measurements
can be used less than optimally [28–30]. The data are clear and have shown
for many years that the predictive accuracy of troponin measurements
requires more than one measurement [2, 24, 31]. Thus, markers that rise ear-
lier than troponin might be more predictive than a solitary admission tro-
ponin value, but not more predictive if an additional troponin value is
included in the analysis. In some situations where immediate events are the
outcomes of interest, such a strategy might be reasonable [7].
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New Strategies for Treating Myocardial Infarctions

F. CHIARELLA, A. NICOLINO, K. PAONESSA, F. ROSSI

Sudden occlusion of the epicardial artery due to plaque rupture leads to ST
elevation myocardial infarction (STEMI). STEMI is associated with a high
rate of mortality, morbidity, and heart failure.

The past 10 years have seen a great fight against infarctions. Historically,
the weapon of choice to battle infarctions is thrombolysis, which, in the first
12 h after the onset of symptoms, has demonstrated improvement in sur-
vival; the first trials to show this were ISIS 2 and GISSI 2 [1, 2]. After strep-
tokinase (SK), the first drug used, new drugs were developed that are more
fibrinospecific. Alteplase (co-administered with aspirin and heparin) [3, 4]
demonstrated better performance in safety and effectiveness [5] than SK,
whereas others (e.g . lanoteplase) did not show a relevant benefit .
Randomised studies give us important information about better medical
therapy, and also about pathophysiology and picking new research direc-
tions. For example, GUSTO 1 and GISSI 1 sub-analyses demonstrated the
importance of ‘time to treatment’ (1% increase in mortality for every 1 h
delay), and the angiographic GUSTO 1 sub-study demonstrated the impor-
tance of patency of the infarction-related artery (IRA) for survival. The
importance of time led to the development of tenecteplase (TNK), which is
more rapid, more fibrinospecific, and, due to its resistance to PAI-1, has a
longer half-life and is thus easier to use (single bolus). In ASSENT 2 these
drugs demonstrated no difference in 30-day mortality versus alteplase, with
fewer non-cerebral haemorrhagic complications [6]. TNK can also be used in
association with enoxaparin (no detrimental effect versus intravenous
heparin in patients less than 75 years in age). However, data collected from
registries from 1990 to 1998 show that 30% of patients eligible for thrombol-
ysis do not receive this important treatment. The reasons for this are late
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arrival, misdiagnosis, and the concern of the physician about the adverse
effects of thrombolysis. In addition, pharmacological therapy showed failure
to achieve complete restoration of coronary flow in 45–50% of patients [7].
An increasingly used intervention for revascularisation in STEMI is angio-
plasty (percutaneous coronary intervention, PCI), called primary when done
in first 12 h from symptom onset. Primary PCI, done by a skilled and high-
volume team, can achieve thrombolysis in myocardial infarction (TIMI) flow
grade (TFG) 3 in more than 80% of patients. In a recent meta-analysis, fibri-
nolytic therapy (all drugs together) has been shown to be inferior to
catheter-based intervention in reducing death, non-fatal reinfarction, or
stroke [8]. But not all authors agree with these results, and these data need
confirmation with new controlled studies [9, 10]. The war between fibrinoly-
sis (which is available everywhere) and PCI (which is available in a few cen-
tres) led to the design of studies that compared the two therapies in several
strategies: on-site medical therapy versus transfer for PCI (PRAGUE2,
DANAMI 2), and prehospital thrombolysis versus PCI (CAPTIM). Result
from these trials gave a new importance to time from onset of symptoms to
treatment. In the first hours after MI (2 h for the CAPTIM analysis and 3 h
for the PRAGUE2 analysis) medical therapy is at least as effective as PCI
(same effect on mortality), whereas in patients who present later PCI is bet-
ter. The importance of time is supported by the recent 2004 ACC/AHA
Guidelines [11], where the invasive strategy is preferred if the onset of symp-
toms was more than 3 h before the patient presented.

Paradoxically, fibrinolytic agents may systemically activate platelets.
Fibrinolysis generates plasmin, which degrades the fibrin component of the
clot and exposes a highly active platelet-rich core. Thus, studies were done
on the association between fibrinolytic drugs and platelet inhibitors to
enhance clot lysis and prevent additional platelet aggregation on the surface
of the clot [12]. This association showed a little more IRA patency in early
angiographic follow-up, a reduction of in-hospital reinfarction, and a need
for early PCI. However, this association did not show a beneficial effect on
mortality, and bleeding complications increased in older people [13, 14].

The aim of successful reperfusion strategies – medical or mechanical or
both together – is to quickly restore the oxygen supply of the myocytes. To
do this in the best way, restoring IRA patency is very important but is not
sufficient. Data from trials have demonstrated that mortality at 1 month is
related to IRA patency on arrival in the catheterisation laboratory. Studies by
Braunwald et al. [15] demonstrated that both improved epicardial flow, TIMI
flow grade (TFG 2/3), and tissue-level perfusion [TIMI myocardial perfusion
grade (TMPG 2/3)] at 90 min after thrombolysis are independent predictors
of survival at 2 years. Another important study by Braunwald et al. [16]
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showed that, after thrombolysis, impaired TMPG is a strong predictor of
high mortality regardless of epicardial coronary flow. Patients with both nor-
mal epicardial flow (TGF3) and normal tissue-level perfusion (TMPG 3) have
an extremely low risk of mortality, but in patients with TFG 3 an impaired
TMPG is associated with the worst prognosis. The same group [17] found
that TGF, TMPG, and ST segment resolution 90 min after administration of
TNK (half dose) and eptifibatide is a powerful prognostic tool even after PCI
on the remaining stenosis. In the same study, adjunctive PCI can achieve not
only TGF 3 but also TMPG 3 in patients who have not tissue perfusion before
PCI. However, Percutaneous transluminal coronary angioplasty (PTCA) and
stent placement carry the risk of mobilising thrombotic and thrombogenic
material, causing distal embolisation and microcirculatory impairment,
which may limit the myocardial salvage gained by these techniques.
Percutaneous revascularisation techniques are being developed with inter-
esting tools [18]. For example, during primary PCI, pretreatment with the X-
sizer catheter system demonstrated, in a small number of patients, improved
epicardial flow and accelerated ST segment resolution compared with con-
ventional PCI alone [18]. Another device, PercuSurge demonstrated a sub-
stantially higher rate of immediate final TFG 3 flow in epicardial vessels and
increased the integrity of the microvasculature [19].

A good way to restore flow in the infarct area (epicardial vessels and
microvessels) is a combined pharmaco-invasive approach that starts phar-
macological reperfusion as soon as possible, followed by PCI to consolidate
the results and prevent reinfarction [20]. An important subject for study will
be the correct pharmacological therapy (TNK, platelet inhibitor, or both?)
for every class of risk (TIMI risk and haemorrhagic risk). The ongoing trials
on combined PCI will give important information on how to improve flow
restoration. These trials are:
− ADVANCE-MI (epfitibatide vs epfitibatide + TNK; both treatments ran-

domised to enoxaparin vs unfractionated heparin)
− FINESSE (placebo vs abciximab vs abciximab + reteplase and then

angiography)
− TIGER (enoxaparin vs epfitibatideparin)
− CARESS (reteplase + abciximab and then randomisation to immediate

PCI vs rescue PCI)
− ASSENT-4 PCI (ASA + unfractionated heparin vs ASA + unfractionated

heparin + TNK and then immediate PCI)
We can save time and myocytes not only with powerful and fast drugs but

also with good logistical organisation and a prehospital and interhospital
net. Good organisation for prehospital thrombolysis allows fibrinolytic
drugs to be given earlier; meta-analysis showed a 17% reduction in mortality
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[21]. As a high-volume, full-time catheterisation laboratory cannot be devel-
oped in every hospital, an interhospital net would be useful for sending
high-risk patients (high TIMI risk score) to a centre that has one.

In conclusion, the new challenge is to find the right treatment (combined
treatment, fibrinolysis alone, or PCI alone) for every STEMI patient on the
basis of time from onset of angina to treatment, haemorrhagic risk, response
to treatment, and the availability of resources.

References

1. Gruppo Italiano per lo Studio della Streptochinasi nell’Infarto Miocardico (GISSI)
(1986) Effectiveness of intravenous thrombolytic treatment in acute myocardial
infarction. Lancet 22:397–402

2. ISIS-2 (Second International Study of Infarct Survival) Collaborative Group (1988)
Randomised trial of intravenous streptokinase, oral aspirin, both, or neither
among 17,187 cases of suspected acute myocardial infarction: ISIS-2. Lancet
2:349–360

3. GISSI-2 (1990) A factorial randomised trial of alteplase versus streptokinase and
heparin versus no heparin among 12490 patients with acute myocardial infarction.
Lancet 336:65–71

4. The GUSTO Investigators (1993) An international randomised trial comparing
four thrombolytic strategies for acute myocardial infarction. N Engl J Med
329:673–682

5. Every NR, Parsons LS, Hlatky M et al for the TIMI Study Group (1985) The
Thrombolysis in Myocardial Infarction (TIMI) trial: phase I findings. N Engl J Med
312:932–936

6. Assessment of the Safety and Efficacy of a New Thrombolytic (ASSENT-2)
Investigators (1999) Single-bolus tenecteplase compared with front-loaded altepla-
se in acute myocardial infarction: the ASSENT-2 double-blind randomised trial.
Lancet 354:716–722

7. Topol EJ (1998) Toward a new frontier in myocardial reperfusion therapy.
Circulation 97:211–218

8. Keeley EC, Boura JA, Grines CL (2003) Primary angioplasty versus intravenous
thrombolytic therapy for acute myocardial infarction: a quantitative review of 23
randomised trials. Lancet 361:13–20

9. Auer J, Berent R, Weber T et al (2003) Primary angioplasty or thrombolysis for
acute myocardial infarction? (Letter to the editor). Lancet 361:965–966

10. Melandri G (2003) Primary angioplasty or thrombolysis for acute myocardial
infarction? (Letter to the editor). Lancet 361:966

11. Management of Patients With ST-Elevation Myocardial Infarction ACC/AHA
Pocket Guideline Based on the ACC/AHA Guidelines for the Management of
Patients With ST-Elevation Myocardial Infarction, from American Heart
Association website, July 2004

12. Gibson CM, Jennings LK, Murphy SA for the INTEGRITI Study Group (2004)
Association between platelet receptor occupancy after eptifibatide (integrilin) the-
rapy and patency, myocardial perfusion, and ST-segment resolution among
patients with ST-segment-elevation myocardial infarction: an INTEGRITI

20 F. Chiarella et al.



(Integrilin and Tenecteplase in Acute Myocardial Infarction) substudy. Circulation
110:679–684

13. Savonitto S, Armstrong PW, Lincoff AM et al (2003) Risk of intracranial hae-
morrhage with combined fibrinolytic and glycoprotein IIb/IIIa inhibitor therapy
in acute myocardial infarction. Dichotomous response as a function of age in the
GUSTO V trial. Eur Heart J 20:1807–1814

14. Lincoff AM, Califf RM, Van de Werf F et al for the Global Use of Strategies To Open
Coronary Arteries Investigators (GUSTO) (2002) Mortality at 1 year with combina-
tion platelet glycoprotein IIb/IIIa inhibition and reduced-dose fibrinolytic therapy
vs conventional fibrinolytic therapy for acute myocardial infarction: GUSTO V ran-
domized trial. JAMA 288:2130–2135

15. Gibson CM, Cannon CP, Murphy SA et al for the TIMI Study Group (2002)
Relationship of the TIMI myocardial perfusion grades, flow grades, frame count,
and percutaneous coronary intervention to long-term outcomes after thrombolytic
administration in acute myocardial infarction. Circulation 105:1909–1913

16. Gibson CM, Cannon CP, Murphy SA et al for the TIMI (Thrombolysis In
Myocardial Infarction) Study Group (2000) Relationship of TIMI myocardial per-
fusion grade to mortality after administration of thrombolytic drugs. Circulation
101:125–130

17. Giugliano RP, Sabatine MS, Gibson CM et al (2004) Combined assessment of
thrombolysis in myocardial infarction flow grade, myocardial perfusion grade, and
ST-segment resolution to evaluate epicardial and myocardial reperfusion. Am J
Cardiol 93:1362–1367, A5-A6

18. Beran G, Lang I, Schreiber W et al (2002) Intracoronary thrombectomy with the X-
Sizer catheter system improves epicardial flow and accelerates ST-segment resolu-
tion in patients with acute coronary syndrome: a prospective, randomized, control-
led study. Circulation 105:2355–2360

19. Wu CJ, Yang CH, Fang CY et al (2004) Six-month angiographic results of primary
angioplasty with adjunctive PercuSurge GuardWire device support: evaluation of
the restenotic rate of the target lesion and the fate of the distal balloon occlusion
site. Catheter Cardiovasc Interv 64:35–42

20. Antman EM, Van de Werf F (2004) Pharmacoinvasive therapy: the future of treat-
ment for ST-elevation myocardial infarction. Circulation 109:2480–2486

21. Morrison JL, Verbeek PR, McDonald AC et al (2000) Mortality and pre-hospital
thrombolysis for acute myocardial infarction: a meta-analysis. JAMA
283:2686–2692

21New Strategies for Treating Myocardial Infarctions



Tirofiban and NSTE-ACS: The Current Perspective

C. CAVALLINI

Acute coronary syndromes without persistent ST segment elevation (NSTE-
ACS) are common manifestations of coronary artery disease and represent
one of the most important reasons for emergency medical care and hospital-
isation, accounting for approximately 2.5 million hospital admissions annu-
ally worldwide [1]. Although conventional antithrombotic therapy (e.g.
unfractionated heparin and aspirin) have proved to reduce the incidence of
ischaemic complications, a substantial burden of death and (re-)infarction
still remains.

Considerable progress has been made recently in the optimal manage-
ment of these patients, particularly with regard to (1) the introduction of
new powerful antiplatelet drugs (mainly the IIb/IIIa platelet receptor
inhibitors) and (2) the demonstration that, in selected cases, an aggressive
approach with early coronary angiography and percutaneous coronary inter-
ventions (PCI) can be safely performed with low risk of procedural compli-
cations and with improved in-hospital and long-term outcome.

IIb/IIIa Platelet Receptor Inhibitors

It has recently been shown that the addition of glycoprotein (GP) IIb/IIIa
receptor inhibitors to unfractionated heparin and aspirin further improves
the clinical outcome of patients with NSTE-ACS [2]. From basic research on
the congenital platelet defect involved in Glanzmann thrombasthenia and
the identification of the mechanisms responsible for fibrinogen binding to
GP IIb/IIIa receptors, a chimaeric monoclonal antibody was developed by
Coller [3], tested in a randomised double-blind placebo-controlled study [4],
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and subsequently approved for clinical use. Shortly thereafter, peptide and
non-peptide compounds mimicking the RGD or KGD amino acid sequence
responsible for fibrinogen binding to the GP IIb/IIIa receptor were synthe-
sised. The three GP IIb/IIIa antagonists developed for parenteral use and
extensively examined in clinical studies include the monoclonal antibody
abciximab, the cyclic peptide eptifibatide, and the non-peptide tirofiban.

Several clinical trials have demonstrated a clear benefit from the use of
GP IIb/IIIa inhibitors in reducing ischaemic complications in patients
undergoing PCI and in patients with medically managed NSTE-ACS.
Boersma et al. carried out a meta-analysis of all six large randomised place-
bo-controlled trials of GP IIb/IIIa antagonists, which involved 31 402
patients with unstable angina or non-ST-elevation myocardial infarction
(UA/NSTEMI) not routinely scheduled to undergo coronary revascularisa-
tion [5]. A small reduction in the odds of death or myocardial infarction
(MI) in the active treatment arm was observed (11.8% vs 10.8%, OR = 0.91,
95% CI 0.84 to 0.98, P = 0.015).

Although not scheduled for coronary revascularisation procedures, 11
965 of the 31 402 patients (38%) actually underwent PCI or coronary artery
bypass graft (CABG) within 30 days, and in this subgroup the OR for death
or MI in the patients assigned to GP IIb/IIIa antagonist treatment was 0.89
(95% CI 0.80 to 0.98). In the other 19 416 patients who did not undergo
coronary revascularisation, the OR for death or MI in the GP IIb/IIIa group
was 0.95 (95% CI 0.86 to 1.05, NS). Thus, GP IIb/IIIa inhibitors are of sub-
stantial benefit in patients with NSTE-ACS who undergo PCI, whereas they
are of questionable benefit in patients who do not undergo PCI. Hence the
international guidelines recommend that a GP IIb/IIIa inhibitor be adminis-
tered, along with acetylsalicylic acid (aspirin) and unfractioned heparin
(UFH), to all of the patients with NSTE-ACS and high-risk features who are
scheduled to undergo early catheterisation [6, 7].

Among the available GP IIb/IIIa antagonists, small molecules have been
approved for medical treatment of patients with UA/NSTEMI, whereas abcix-
imab is recommended in the setting of PCI. Small molecules are the drugs of
choice for the ‘upstream’ or ‘upfront’ treatment of patients with NSTE-ACS
during the waiting time for the scheduled coronary angiography. Abciximab
is the preferred drug of this class to be used in the catheterisation laboratory
for the ‘downstream’ treatment (i.e. immediately before and in the few hours
after PCI). With contemporary trials favouring an early invasive strategy in
the management NSTE-ACS, controversy has arisen regarding whether GP
IIb/IIIa inhibitors should be started upstream for all patients or be reserved
for use only for patients selected to undergo PCI. Multiple trials have shown
that the benefit of upstream GP IIb/IIIa inhibitor therapy in NSTE-ACS is
derived very early, during the period of medical management that precedes
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revascularisation procedures – a key observation when considering strate-
gies to optimise procedural outcomes in this high-risk patient population. A
meta-analysis of the PRISM-PLUS, PURSUIT, and CAPTURE trials demon-
strated a 34% reduction in the rate of death or MI with GP IIb/IIIa inhibition
during the period of initial medical stabilisation that preceded revascularisa-
tion (2.5% vs 3.8%; P = 0.001), with further benefit seen following PCI [2].

The use of tirofiban for the medical management of higher risk patients
with NSTE-ACS was explored by the Platelet Receptor Inhibition in Ischemic
Syndrome Management in Patients Limited by Unstable Signs and Symptoms
(PRISM-PLUS) trial, [8] in which 1915 NSTE-ACS patients were randomised
to receive either tirofiban/aspirin/heparin or aspirin/heparin. Patients were
treated in a medical stabilisation phase for a minimum of 48 h before possi-
ble angiography. The results of PRISM-PLUS demonstrate significant reduc-
tions in death/MI, with benefits evident as early as 48 h (during the medical
stabilisation phase) and persisting for at least 6 months.

The benefits of tirofiban in higher risk patients from PRISM-PLUS were
observed in several subgroups, notably including patients with diabetes [9],
patients with impaired renal function [10], and in the elderly [11]. In gener-
al, the higher the level of risk of the patients, the greater the benefits from
the use of the drug, as shown in the study by Morrow et al. [12].

Similar to studies with other GP IIb/IIIa antagonists, 19 strong benefits of
tirofiban were noted among patients treated with early PCI, with a 42%
reduction in death/MI noted in these patients, compared to 23% among
patients revascularised 72 h after randomisation [13].

Despite the data supporting GP IIb/IIIa inhibitors for high risk patients
with NSTE-ACS and the consensus guidelines recommending their use,
recent surveys suggest that there continues to be a low rate of use of these
agents for eligible patients. This may be related to clinician confusion about
which patients should receive GP IIb/IIIa inhibitors as well as the most
appropriate timing for the initiation of treatment with these agents. The
European guidelines suggest that in all of the patients with NSTE-ACS and
high risk features the administration of IIb/IIIa inhibitors should start as
soon as possible, in order to gain the higher benefit from the treatment [6].

Invasive Strategy

Patients with ACS undergoing early PCI are at increased risk of early
ischaemic complications. This early hazard appears to be the result of a
thrombin-mediated and platelet-dependent process that is initiated by
mechanical plaque disruption and culminates in thrombus formation at the
site of vessel injury. Distal embolisation of atherothrombotic debris into the
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coronary microcirculation may also occur as a complication of the unstable
plaque. For these reasons, early randomised trials such as the TIMI IIIB [14,
15] and VANQWISH trials [16] failed to demonstrate that routine use of an
early invasive strategy improves the outcome compared to a conservative
strategy. Furthermore, the VANQWISH trial showed a significant difference
in favour of conservative treatment in the composite end-point of death and
MI at 1-month and 1-year follow-up. In contrast, the FRISC II study showed a
significant and clinically relevant decrease in death and MI at 6-month [17]
and 1-year [18] follow-up in patients randomised to an early invasive strate-
gy. The TACTICS-TIMI 18 trial [19] confirmed these findings by showing
that in patients with ACS receiving tirofiban, an early invasive strategy with
stent implantation resulted in a significantly lower rate of the primary end-
point (death, non-fatal MI, and rehospitalisation for ACS), as well as a lower
rate of death or non-fatal MI both at 30 days and at 6 months.

An invasive strategy appears to limit the increased risk conferred by
raised levels of troponin (Tn). In both the FRISC II and the TACTICS-TIMI
18 trials, the benefit of the early invasive strategy was greater in high and
intermediate risk patients with elevated levels of TnT.

More recently, the results of the third Randomised Intervention Trial of
unstable Angina (RITA) study suggested that routine early invasive manage-
ment was effective in reducing refractory or severe angina among patients at
moderate risk of death after NSTE-ACS, but no reduction was seen in new
MI [20].

In accordance with these studies two separate sets of guidelines, released
by the European Society of Cardiology and by the American College of
Cardiology/American Heart Association, respectively, recommended careful
and prompt risk stratification in all patients with NSTE-ACS to identify
those who will benefit more from an early invasive strategy [6, 7].

Risk Stratification

Patients with NSTE-ACS represent a heterogeneous population with a wide
range of probability of cardiac events in the short and intermediate term.
Identification of subsets of patients with different risk profiles is crucial in
order to select the most appropriate therapy in each case. The patients con-
sidered to be at high risk on the basis of clinical, electrocardiographic, and
biochemical characteristics benefit more from an aggressive strategy that
includes powerful antithrombotic therapy and early angiography with revas-
cularisation, if feasible. On the other hand, low risk patients need to be iden-
tified in order to avoid unnecessary resource use and the risks deriving from
an unjustified aggressive approach. Risk stratification is a dynamic process
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that starts at the time of admission and is continuously updated with new
information obtained during the subsequent hospital stay. However, immedi-
ate risk stratification is the most important step for the appropriate manage-
ment of these patients, since the probability of events is highest in the very
early phase of the disease and progressively decreases thereafter. Simple clin-
ical data derived from the patient’s medical history and physical examina-
tion, a standard 12-lead electrocardiogram (ECG), and measurements of bio-
chemical markers of myocardial damage can be easily obtained in the emer-
gency room and serve as a guide for deciding appropriate medical manage-
ment and optimal use of available resources.

Two different models of risk stratification have been developed. The first
is based on the simple, dichotomous description of a series of variables,
whose presence, even when isolated, is sufficient to identify high risk
patients. This method is currently suggested by the ESC guidelines. The sec-
ond takes into account the prognostic information derived from a number of
clinical, electrocardiographic, and biochemical parameters, analysed in a
comprehensive manner [21]. These models have the advantage of allowing
the identification of patients at the highest risk of events.

Timing of Intervention

The optimal time to intervene is not well defined as it was significantly dif-
ferent among clinical trials comparing invasive to conservative strategy in
NSTE-ACS: this interval was 4–6 days in FRISC 2, while it was less than 48 h
in TACTICS-TIMI 18 and in RITA 3. The ESC guidelines recommend that
coronary angiography be performed within 48 h of admission, and earlier
(‘as soon as possible’) for patients at very high risk such as those presenting
with major arrhythmias, haemodynamic instability, a history of prior CABG,
or early post-MI unstable angina.

Recently, the Intracoronary Stenting with Antithrombotic Regimen
Cooling-off (ISAR-COOL) study [22] added further support to the combina-
tion of GP IIb/IIIa antagonism with early invasive management. ISAR-COOL
compared routine invasive management among a high risk NSTE-ACS
patient population treated either with prolonged medical stabilisation (with
the combination of heparin, aspirin, clopidogrel, and tirofiban for a mean of
86 h) or by proceeding directly to the catheterisation laboratory within the
first 24 h (mean 2.3 h) with the same medical therapy. The ISAR-COOL
results suggested that expedited catheterisation with GP IIb/IIIa antagonism
pretreatment was associated with a significant reduction in death/MI relative
to the delayed invasive group (5.9% vs 11.6%, P = 0.04), due entirely to
reductions in pre-PCI MI.
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These results suggest that the benefits of early invasive therapy may out-
weigh those of prolonged pharmacological pretreatment. However, whether a
strategy of immediate coronary angiography (within hours of presentation)
leads to a significant clinical benefit in comparison with the overall accepted
intervention within 48 h is unknown, and a larger randomised trial testing
the two strategy will be needed.

Conclusions

The globality of current evidence strongly suggests that in high risk patients
with ACS an early combined invasive strategy and treatment with GP IIb/IIIa
antagonists considerably improves short- and long-term outcome.

As adjunctive therapies improve, lessening the risk associated with inva-
sive cardiac procedures, we may well be moving to an era of rapid risk
assessment and triage, initial medical stabilisation with very potent
antithrombotic medications, and rapid transfer to cardiac centres of excel-
lence for diagnostic and therapeutic procedures within 48 h of presentation.
This should allow to patients admitted to peripheral hospitals to have access
to the same type of care as those patients directly admitted to tertiary cen-
tres. A unified systematic approach to NSTE-ACS that incorporates all evi-
dence-based therapies and interventions would be expected to maximise the
positive impact of such strategies on long-term clinical outcome.

How best to incorporate this new knowledge into a better process of care
for patients will need to be shown by prospective cohort studies showing
how clinicians actually deliver care to their patients in ‘real-life’.
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Acute Coronary Syndromes and Diabetes: How Much Can We
Intervene?

F. BOVENZI1, L. DE LUCA2, R. ADORISIO3

Diabetes mellitus (DM) affects 150 million people worldwide. The prevalence
of diabetes has increased by 40% in the past decade, and is expected to
increase by 165% between 2000 and 2050 [1, 2]. Therefore, one-third of the
population born in 2000 will develop DM, with the associated up to 30%
reduction in life expectancy, mostly related to atherosclerosis, which is
responsible for up to 80% of all deaths among North American diabetic
patients [3, 4]. With increasing prevalence of DM, the burden of cardiovascu-
lar disease associated with this condition will increase dramatically [5].

Diabetic patients are at an increased risk of cardiovascular events as
compared with non-diabetic patients. In a study by Haffner et al., patients
with DM had a 20% risk of first myocardial infarction (MI) or death over a 7-
year period, as compared to a risk of only 3.5% for non-diabetic patients [4].
A history of MI increased the rate of recurrent MI or cardiovascular death in
both groups (45% in diabetics and 18.8% in non-diabetics). On the basis of
these data, the risk of subsequent coronary events for patients with diabetes
but without previous MI is the same as non-diabetic patients with previous
MI [4].

In the setting of both ST-elevation MI and non-ST elevation acute coro-
nary syndromes (ACS), diabetic patients suffer increased mortality as com-
pared to non-diabetic patients. In a study of diabetic patients enrolled in the
GUSTO-I (Global Utilisation of Streptokinase and t-PA for Occluded
Coronary Arteries-I) trial, 30-day mortality was significantly higher among
patients with diabetes [10.5% in diabetics versus 6.2% in non-diabetics; odds
ratio (OR): 1.77; 95% confidence interval (CI): 1.61–1.95] [6]. In a pooled
analysis of five randomised trials of thrombolytic therapy for acute MI, the
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30-day mortality was 11.7% in diabetics as compared with 7.1% in non-dia-
betics (OR: 1.71; 95% CI: 1.60–1.83) [6]. Similarly, in a combined analysis of
the GUSTO-I, GUSTO-III, and GUSTO-V trials, diabetic patients, as com-
pared to patients without diabetes, were at greater risk of in-hospital mortal-
ity (9.5% versus 5.5%, respectively; P < 0.001) and 30-day mortality (10.4%
versus 6.0%, respectively; P < 0.001) [7].

Diabetes and Non-ST-Elevation Acute Coronary Syndromes

There is ample evidence that diabetic patients are at higher risk of subse-
quent cardiac events in the setting of non-ST-elevation ACS. In the OASIS
(Organization to Assess Strategies for Ischemic Syndromes) Registry, which
involved patients with unstable angina (UA) and non-Q wave MI, diabetes
was an independent predictor of mortality at 2 years [18% in diabetics ver-
sus 10% in non-diabetics; adjusted relative risk (RR): 1.57; 95% CI:
1.38–1.81; P < 0.001] [8]. In a more recent analysis of four randomised tri-
als of non-ST-elevation ACS, diabetes was again identified as an independent
risk factor for mortality [9]. In this report, 30-day mortality was 5.5% among
diabetic patients compared with 3.0% among non-diabetic patients (P <
0.001) [9]. Similarly, in the diabetic substudy of the FRISC-II (Fragmin and
Fast Revascularization During Instability in Coronary Artery Disease) trial,
which compared invasive versus conservative management of patients with
non-ST-elevation ACS, diabetes remained an independent predictor of death
(RR: 5.43; 95% CI: 2.09–14.1) and of death or MI (RR: 2.40; 95% CI:
1.47–3.91), even after controlling for revascularisation, extent of coronary
artery disease, and signs of myocardial damage given by serum markers
[10]. The TACTICS TIMI 18 trial, too, showed that diabetic patients had
greater benefit than non-diabetics from the early invasive assessment both in
terms of absolute (7.6% and 1.8%, respectively) and relative 6-month event
reduction (27% and 13%, respectively) [11]. Therefore, an early invasive
assessment and appropriate revascularisation should be considered the strat-
egy of choice for diabetic patients with non-ST-elevation ACS. The question
as to how early coronary angiography should be performed in this subset of
patients has no definitive answer.

Diabetes and ST-Elevation Myocardial Infarction

In a major international trial involving more than 40 000 patients designed
to evaluate four fibrinolytic strategies for the treatment of acute MI (AMI),
30-day mortality was 6.2% among patients without diabetes and 10.5%
among patients with diabetes. Indeed, pooling the data from several large
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fibrinolytic trials with a total of more than 80 000 patients, 1-month mortal-
ity was increased by 1.7 times among diabetics [12]. Notably, mortality was
highest among those treated with insulin. Undoubtedly less known is the fact
that fibrinolysis saved 37 lives per 1000 patients with diabetes at 35 days,
compared with 15 per 1000 patients without diabetes [13]. Thus, the absolute
benefit of fibrinolytic therapy is more than doubled for diabetics.

Despite its tremendous benefit, however, patients with diabetes were less
likely to receive fibrinolytic therapy [14], as evidenced in the Survival and
Ventricular Enlargement (SAVE) Study [15]. In this trial, of the 2231 patients
enrolled, fibrinolytic therapy was administered to 733 (32.9%) [15]. Diabetic
patients undergoing a percutaneous coronary intervention (PCI) exhibited
similar angiographic success rates to non-diabetic patients, but showed a
trend toward higher in-hospital mortality rates, higher rates of urgent revas-
cularisation, and greater incidence of acute coronary occlusions [15]. In a
recent study, diabetes mellitus was associted with higher incidences of death,
AMI, and repeated revascularisation at long-term follow-up after a primary
PCI [16]. Therefore, the optimal strategy for coronary revascularisation in
diabetic patients remains to be determined.

Re-stenosis and Platelet Function

The addition of stent implantation to balloon angioplasty in diabetic
patients is feasible, with favourable procedural and in-hospital success rates.
However, long-term outcomes after stenting remain worse because of a high-
er incidence of major adverse cardiac events and, above all, the re-stenosis
rate compared with that in non-diabetic patients [17]. The increased risk of
re-stenosis after angioplasty and/or stenting in diabetic patients is primarily
due to exaggerated reactive intimal hyperplasia that causes increased late
luminal loss and decreased vascular luminal area [18]. In a recent pooled
analysis of several major recent stent trials, Cutlip et al. [19] found diabetes
to be the strongest clinical predictor of re-stenosis, with an almost 50%
increased risk for target lesion revascularisation (TLR) at 1-year follow-up.
Considering the higher rate of re-stenosis and the current prevalence of dia-
betes among patients who undergo PCI (e.g. a prevalence of 18% to 30% in
most series), a simple calculation would show that 30% to 40% of the
patients who sustain clinical re-stenosis and eventually undergo target vessel
revascularisation (TVR) are those with DM [20]. Thus, reduction of the re-
stenosis rate among diabetic patients will have a major favourable impact on
the global outcome of catheter-based coronary interventions.

There is ample evidence that platelets of diabetic patients are larger and
hyper-reactive, showing increased adhesion and aggregation and increased
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platelet-dependent thrombin generation [21]. In fact, diabetes is charac-
terised by elevated concentrations of procoagulant factors, including fibrino-
gen, von Willebrand factor, and factor VII, with decreased concentration of
antithrombotic factors including antithrombin III and protein C [21]. Tissue
factor, which is the most potent trigger of the coagulation cascade [22], is
increased in patients with DM [23]. Recently, Sambola et al. [24] identified
significant reductions in tissue factor activity and blood thrombogenicity in
diabetic patients with improved glycaemic control. These observations high-
light the concept of high-risk blood in the pathophysiology of diabetic ather-
osclerosis leading to coronary thrombosis.

Moreover, in patients with type 2 diabetes, there is an association
between glycaemic control and blood thrombogenicity. Osende et al., using
the Badimon ex vivo perfusion chamber, showed that improved glycaemic
control, as indicated by ≥ 0.5% reduction in HbA1c, resulted in a significant
decrease in blood thrombogenicity [25].

Importance of Pre-procedural Glycaemic Control

Recently, a growing body of evidence has shown an association between
optimal glycaemic control and improvement in major cardiovascular events
[26]. In a meta-analysis of 95 783 patients who were observed for 12.4 years
in order to explore the relationship between glucose levels and incident car-
diovascular events, a fasting glucose of 110 mg/dl was associated with a rela-
tive cardiovascular event risk of 1.33 (95% CI, 1.06–1.67) [27]. In a study by
Khaw et al. [28], a 1% increase in HbA1c was associated with a 38% increase
in cardiovascular mortality and a 44% increase in risk of ischaemic mortali-
ty in diabetic patients. These findings are supported by the fact that pre-pro-
cedural hyperglycaemia is known to induce vascular endothelial cell dam-
age, excessive extracellular matrix formation, and increased cellular prolifer-
ation [25, 29], which could progressively contribute to the adverse outcomes
after stent implantation.

Conversely, recent studies identified poor glycaemic control as a signifi-
cant predictor of angiographic re-stenosis without any impact on mortality
[20, 30]. These results are in accordance with a study by Corpus et al. [31]
which assessed the effect of glycaemic control on TVR at the time of coro-
nary intervention among a group of 179 diabetic patients as compared with
60 non-diabetic control patients. Patients who had optimal diabetic control
had a TVR rate of 15%, compared with 34% among counterparts with hyper-
glycaemia. By multivariate analysis, poor glycaemic control was a major
independent predictor of TVR.

Interestingly, in all the above mentioned studies, the treatment with gly-
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coprotein IIb/IIIa inhibitors was not specified and intracoronary stenting
was performed only in a small percentage of diabetic patients.

Hyperglycaemia might be associated with impaired microvascular func-
tion after AMI, resulting in a larger infarct size and worse functional recov-
ery [32]. A total of 146 consecutive patients with a first AMI were studied by
intracoronary myocardial contrast echocardiography after successful reper-
fusion within 24 h after symptom onset. The no-reflow phenomenon was
more often observed in the 75 patients with hyperglycaemia (≥ 160 mg/dl)
than in those without hyperglycaemia (52.0% vs. 14.1%; P < 0.0001) [32].

Antiplatelet Drugs in Diabetic Patients

A meta-analysis by Roffi et al., including the entire large-scale trial experi-
ence of intravenous platelet glycoprotein IIb/IIIa inhibitors for the medical
management of non-ST-segment-elevation ACS, showed that these agents
may significantly reduce mortality at 30 days in diabetic patients, especially
patients undergoing PCI [33]. Another meta-analysis of three placebo-con-
trolled abciximab trials, demonstrated a reduction of mortality (from 4.5%
to 2.5%, P = 0.099) in diabetic patients treated with abciximab, with a mor-
tality reduction particularly apparent among patients treated with stents
[34]. A sub-study of the EPISTENT trial about the outcomes of 491 diabetic
patients demonstrated that abciximab, irrespective of revascularisation
strategy (stent or balloon angioplasty), resulted in a significant reduction in
the 6-month death or MI rate: 12.7% for stent–placebo, 7.8% for balloon
angioplasty–abciximab, and 6.2% for the stent–abciximab group (P = 0.029)
[35]. Moreover, among the 346 patients with diabetes enrolled in the CADIL-
LAC trial, TVR at 1 year was significantly reduced with routine stenting com-
pared with balloon angioplasty (10.3% vs 22.4%, P = 0.004), with no differ-
ences in death, reinfarction, or stroke. Angiographic re-stenosis was also
greatly reduced in diabetics randomised to stenting (21.1% vs 47.6%, P =
0.009) [35]. No beneficial effects were apparent with abciximab in diabetic
patients at 1 year [36]. Despite the improved outcomes with stenting in
patients with diabetes, 1-year mortality remained increased in diabetic
patients who received stents compared with non-diabetics (8.2% vs 3.6%,
P = 0.005) [37].

Thus, the combination of abciximab with stenting has been hypothesised
to be the optimal percutaneous revascularisation strategy [38], not only for
reducing TVR but also for improving survival to the level of placebo-treated
non-diabetic patients in elective PCI [33, 38]. Anyway, published data on dia-
betic patient sub-sets from the various glycoprotein IIb/IIIa inhibitor trials
have assessed different agents and forms of percutaneous revascularisation
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(stent versus non-stent) and used different end-points and durations of fol-
low-up.

By contrast, the ISAR-SWEET study [39] randomised to abciximab or
placebo 701 diabetic patients who underwent an elective PCI with bare metal
stents after pre-treatment with a 600-mg loading dose of clopidogrel at least
2 h before the procedure. The incidence of death or MI at 1 year was 8.3% in
the abciximab group and 8.6% in the placebo group (P = 0.91) and the inci-
dence of angiographic re-stenosis was 28.9% in the abciximab group and
37.8% in the placebo group (P = 0.01).

In patients with DM, clopidogrel has been shown to be superior to
aspirin in reducing recurrent ischaemic events [40]. The PCI-CURE study
demonstrated that a strategy of clopidogrel pre-treatment followed by long-
term therapy is beneficial in reducing cardiovascular events [41]. An analysis
of the multi-centre, randomised, double-blind CAPRIE study showed that
clopidogrel provided even greater reductions than aspirin in the risk of
recurrent ischaemic events in diabetic patients [42]. Moreover, recent evi-
dence demonstrates that a loading dose of 600 mg clopidogrel leads to more
rapid platelet inhibition than a dose of 300 mg [43] and may obviate the
need for abciximab during elective PCI in patients at low to intermediate
risk [44].

Drug-Eluting Stents and Intracoronary Brachytherapy

The advent of drug-eluting stents (DES) is a remarkable improvement in pre-
venting re-stenosis in coronary arteries after coronary angioplasty. The
RAVEL study group [45] showed a significant reduction in re-stenosis with
sirolimus-eluting stents compared with standard stents (27% vs 0%) among
238 patients with coronary artery disease. A sub-group analysis of patients
with diabetes showed that among 19 patients who received sirolimus-eluting
stents, the re-stenosis rate was 0% compared with 42% among 25 patients
who received standard stents [45]. The more recent SIRIUS trial [46] focused
on patients at higher risk of re-stenosis. Among the patients with diabetes,
the re-stenosis rate was 18% in 131 patients who received sirolimus-eluting
stents compared with 51% among 148 patients who received standard stents.
Moreover, in the diabetic cohort of the TAXUS trial, target lesion revasculari-
sation was reduced by approximately 66%, also using a polymer-based pacli-
taxel-eluting stent [47]. However, the use of DES in diabetic patients under-
going coronary stent placement cannot be considered standard of care until
larger trials confirm its safety and efficacy in this patient population.

The mechanism by which brachytherapy reduces re-stenosis (reduction
of intimal hyperplasia) could potentially be useful in diabetics treated with
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stent implantation. Recent studies demonstrate that the effectiveness of
brachytherapy in reducing re-stenosis in the context of intra-stent re-steno-
sis is especially high in diabetics [48]. These results have inspired the design
and execution of studies in which brachytherapy is applied with angioplasty
in de novo lesions in diabetics.

Conclusions

Diabetes is a source of significant morbidity and mortality resulting from
long-term micro- and macrovascular complications after coronary angio-
plasty in patients with ACS. Optimal pre-procedural glycaemic control and
inhibition of intimal hyperplasia would reduce or impede re-stenosis, result-
ing in better clinical results.
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Spinal Cord Stimulation in Refractory Coronary Artery Disease:
The Last Resort?

H. THERES1, S. EDDICKS1, M. SCHENK2, K. MAIER-HAUFF3, C. SPIES2, G. BAUMANN1

Major advances have been achieved during recent years in the treatment of
coronary artery disease (CAD) by medication, catheter intervention, and
surgery. Numerous improvements have expanded the spectrum of therapeu-
tic options, e.g., with brachytherapy, drug-eluting stents, and the like. Despite
such innovative procedures, however, it is not possible to effectively treat
angina pectoris symptomatology for all patients.

If coronary revascularisation is not feasible – either by catheter interven-
tion or by surgical placement of a bypass – and if the patient still suffers
serious symptoms despite optimal anti-angina medication, the patient is said
to suffer from refractory angina pectoris. Categorisation of the severity of an
angina pectoris symptom complex normally takes place in accordance with
the classification of the Canadian Cardiovascular Society (CCS) [1], which
was developed on the basis of the NYHA classification of stages of heart fail-
ure. Severity classification CCS III, for example, describes appreciable
restriction of normal bodily activity, e.g., climbing one flight of stairs at nor-
mal speed leads to angina pectoris. CCS IV characterises an inability to per-
form any type of bodily activity without discomfort. Patients with refractory
angina pectoris (CCS III–IV) are highly symptomatic under everyday condi-
tions, which results in massive restriction of physical functional activity.
Many patients additionally report social isolation, since friends and family
members consider frequently occurring angina pectoris attacks as particu-
larly problematic, if not to say life-threatening. These chronically ill patients,
on the whole, experience significant diminution of their quality of life. They
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receive the impression that medical science has no additional therapeutic
measures to offer them, and that they represent hopeless cases.

Since no exact epidemiological surveys have been conducted on this
topic, it is difficult to estimate the number of patients suffering from refrac-
tory angina pectoris. On the basis of Scandinavian data [2], Mannheimer et
al. [3] have estimated the incidence of refractory angina pectoris throughout
to Europe to be approx. 30 000–50 000 patients. Mukherjee et al. even esti-
mate the incidence at more than 100 000 patients annually in the USA:
patients who on the basis of a hospital survey could be considered for alter-
native anti-angina therapy [4].

Various treatment concepts have by now been developed and introduced
into clinical work: these include intermittent urokinase therapy [5], transmy-
ocardial laser revascularisation [6–8], and external counterpulsation [9].
M.R. Chester, of Britain, has developed a highly promising interdisciplinary
approach to pain therapy for patients suffering from refractory angina pec-
toris, and has published his results on the Internet (under www.angina.org).
Only recently, the Working Group for Refractory Angina Pectoris of the
European Cardiovascular Society has published an overview on refractory
angina pectoris, in which it recommends neurostimulation as therapeutic
alternative: two techniques are transcutaneous electrical nerve stimulation
(TENS) and spinal cord stimulation (SCS) [3]. Numerous studies have
demonstrated that this adjuvant therapy was associated with reduction in
the frequency of attacks, and with increase in exercise capability.

The present article presents the procedure of neurostimulation for
patients with refractory angina pectoris, with discussion on the indications,
therapeutic mechanisms, and published results of studies concerning effec-
tiveness and safety.

Indications

The indication for application of TENS or for implantation of a spinal cord
stimulator may follow from interdisciplinary procedures, e.g., interventional
cardiology, cardiosurgery, or pain therapy (including therapy by general
practitioners and psychologists). As initial step, however, all necessary
efforts should be undertaken to exclude secondary causes of angina pectoris
(e.g. anaemia or uncontrolled arterial hypertension, as well as cardiac risk
factors), by weight normalisation, cessation of smoking, and the like. In
addition to optimisation of medical therapy, primary attention should be
directed to the question of whether revascularisation by catheter interven-
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tion and/or by surgery is appropriate. For patients who have already under-
gone repeated cardiac catheter intervention procedures or bypass surgery,
risk–benefit assessment will be necessary for continuation of invasive thera-
py. From the point of view of coronary anatomy, candidates for SCS implan-
tation will primarily be found among those patients for whom diffuse alter-
ations in coronary vessels that extend into the vascular periphery have ren-
dered bypass surgery or catheter intervention inadvisable or impossible.
Implantation of such a system may also prove worth considering among
patients listed for heart transplantation in conjunction with ischaemic car-
diomyopathy and refractory angina pectoris.

For cardiac syndrome X (myocardial microangiopathy as a result of arte-
riosclerosis and/or endothelial dysfunction), positive therapeutic experience
has already been gained with neurostimulation [10]. Further experience
could likewise be profitably gained here in the context of controlled studies.

As part of patient preparation, and on an intraoperative basis, investiga-
tion is also essential to determine the possibility of interference with already
implanted pacemaker or cardioverter–defibrillator systems. One potential
danger here is back-coupling of stimulation pulses from the neurostimulator
to the sensing circuitry of the pacemaker system. This phenomenon can lead
to inhibition of the pacemaker system and, in turn, to asystole among pace-
maker users. Use of a pacemaker, however, does not automatically represent
an absolute contraindication [11, 12].

Whatever the case, it is essential that the patient be sufficiently trained in
the use of a neurostimulator. Since the system is controlled by the patient as
needed, and is activated according to pre-set time sequences, a basic under-
standing of its functioning is necessary.

The TENS technique is used in patients who cannot immediately decide
on implantation of a neurostimulator system. TENS therapy can be consid-
ered as a test phase for patients who demonstrate typical angina pectoris
symptoms with the associated coronary findings, but for whom there is no
definitive evidence of ischaemia. If these patients are identified as respon-
ders on the basis of reduction in their anginal symptom complex, definitive
treatment with an SCS system is recommended.

The procedure for establishing the indication is shown in the flow dia-
gram in Figure 1. The scope of this present article will not allow treatment of
differential therapeutic application of other methods: e.g., general pain ther-
apy or additional alternative procedures. Interested readers may consult the
work of Chester (www.angina.org), Kim [13], and Mannheimer [3], for more
details on these topics.
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Therapeutic Mechanisms

Although neurostimulation has successfully been applied in specialised cen-
tres in Europe for more than 15 years now, the highly complex physiological
and biochemical foundations of its therapeutic mechanisms have not yet
been fully elucidated. The hypothesis currently considered most probable
[14] is that, subsequent to diminution of pain, down-regulation of sympa-
thicotonia, and consequently of myocardial oxygen demand, takes place in
conjunction with optimisation of microcirculation (Fig. 2).

Anti-nociceptive Effect

In 1965 Melzack and Wall published their so-called gate control theory in the
pioneering publication on this topic [15]. Since then, many standard works
on pain therapy have cited their work. This theory postulated segmental pain
inhibition induced by neurostimulation, under the assumption that selective
activation of sensitive afferent fibres initially occurs as a result of regionally
applied electrical stimuli, with slowly increasing intensity of stimulation
below the threshold of pain [15, 16]. Melzack and Wall also postulated that
this phenomenon leads in the dorsal horn of the spinal cord (the gate) to
subsequent presynaptic inhibition of nociceptive afferents (A and C fibres),
and consequently to local analgesia [15, 17]. The gate control theory has
since undergone correction in many aspects, partly as a result of insights
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Fig.1. Indication for neuromodu-
lation for patients with the re-
fractory angina pectoris complex



gained into the modulation of important neurotransmitters. According to
these, neurostimulation elicits increased liberation of the inhibiting neuro-
transmitter γ-aminobutyric acid (GABA) in the dorsal horn and, in turn,
effects a reduction of excitatorily acting amino acids (aspartate and gluta-
mate) [18]. Eliasson et al. have reported an increase under SCS in β-endor-
phin, an endogenous agonist [19] to which a cardioprotective effect after
myocardial ischaemia is attributed [20].

Effect on Sympathicotonia

In a human study, Norrsell et al. [21] simulated cardiac stress situations with
the aid of tachycardial atrial stimulation. They reported noradrenaline liber-
ation in the body that was diminished during stimulation in comparison to
baseline. Important animal experiments conducted by Foreman et al. have
shown that neurostimulation reduces the primarily sympathetically elicited
responses to myocardial ischaemia [22]. Olgin et al. have recently attributed
frequency-reducing (parasympathomimetic) effects to neurostimulation
under conditions of sympathetic stress [23].

Effects on Myocardial Oxygen Demand

Several studies have reported the positive effects of neurostimulation on cir-
culatory processes in the context of its application for peripheral vascular
disease (PVD) [24, 25]. Kumar et al., for example, published a study on 46
patients with intractable PVD who underwent neurostimulation therapy
[26]. This study revealed an increase in perfusion (pulse volume and maxi-
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Fig. 2. Breakthrough of the chain of pain: neurostimulation leads to reduction in pain
symptoms and, in turn, to diminution of sympathetic activity, accompanied by subse-
quent reduction in the frequency of occurrence of myocardial ischaemia episodes.
Hfmax, maximum heart rate; RRsysmax, maximum systolic blood pressure
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mum flow rate), as well as an increase in transcutaneously measured partial
oxygen pressure. In the context of coronary circulation, evidence exists for
homogenisation of myocardial blood supply. Using positron emission
tomography, Hautvast et al. [27] revealed a redistribution of intramyocardial
blood flow from non-ischaemic to ischaemic regions in patients under neu-
rostimulation. Jessurun et al. [28] have published similar findings for admin-
istration of TENS. In addition to myocardial oxygen supply, oxygen con-
sumption is of course of great significance for oxygen balance. Several stud-
ies have shown reductions in myocardial oxygen demand: Mannheimer et
al., for example, have revealed a reduction in myocardial lactate production
during neurostimulation [29].

Implantation Procedure

After local anaesthetic and under sterile conditions, the conscious patient,
lying prone, undergoes puncture with a Tuohy 15-gauge needle of the
peridural space, in the area of T8–10. A quadripole electrode is then
advanced epidurally, under fluoroscopic guidance, to the level between C7
and T1. It is then positioned paramedially according to the side on which the
area of pain is felt.

The exact electrode position is then determined during careful investiga-
tion of the zone of pain. The objective is to achieve as complete coverage as
possible of the pain zone with electrically induced paraesthesia. Experience
has shown that, under conditions of successful intraoperative testing, the
response rate over the long term is sufficiently satisfactory to allow definitive
implantation, during the same session, of the neurostimulator (subcuta-
neously, under the left costal arch) [30]. The time required for the implanta-
tion is approximately 45–60 min. After surgery, the stimulation parameters
determined earlier can be transmitted to the neurostimulator by telemetry.
After tuition, the patient can use his or her own programmer unit to switch
the neurostimulator on and off, and can adjust the stimulation intensity
through a range determined by the physician. Despite the severity of their
heart disease, patients tolerate this implantation process well; no reports of
perioperative myocardial infarction exist [30]. In the most favourable cases,
discharge from hospital takes place on the same day as surgery, or the day
after.

Complications worthy of report include pocket infections (5%) and lead
fracture (3%) [31]. During the early years of this technology, slight lead dis-
location made repositioning of the stimulation electrode necessary. Today,
however, it is generally possible with the quadripole electrodes now available
to solve this problem by reprogramming the stimulation poles. Although
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there has been widespread fear among patients of intraspinal bleeding com-
plications, with paraplegia or intrathecal or intraspinal infections, no reports
of any such occurrences have so far been published [30]. The neurostimula-
tor battery will last 4–7 years, depending on intensity of use.

Study Results

Neurostimulation techniques have been used for many years as pain therapy
for a variety of indications, e.g., chronic back pain, Buerger’s disease, and
PVD. Initial reports on the effects of neurostimulation for treatment of
refractory angina pectoris were published in 1987 [32], when Murphy and
Giles determined a marked reduction in pain severity in their patient
cohorts, as well as in the number of angina attacks. In 1993 Harke et al. [33]
described for two patients the long-term, positive anti-angina effects, as well
as the appreciable enhancement of physical functional capacity. As early as
1985, Mannheimer et al. published reports on initial results gained with
TENS [34]. A long-term study revealed a reduction in the frequency of angi-
na pectoris attacks, increase in physical functional capacity, and reduction in
stress-induced ST segment depression as a result of TENS therapy. In 1999
TenVaarweck published results of a course of therapy for 517 SCS patients
[35]. A retrospective multi-centre study has also processed data from 14
implantation centres between 1987 and 1997. These patients had suffered
from angina pectoris for an average of 8.1 years; 66% had already suffered at
least one myocardial infarction, and 68% demonstrated coronary triple ves-
sel disease. Follow-up care took place over a median period of 23 months,
with the longest such care necessary for 12.5 years. On average, the angina
pectoris class of these patients improved from 3.5 to 2.1 (Fig. 3) after
implantation of a neurostimulation system.

The authors of the ESBY Study [36] pursued a more extensive approach.
A team consisting of cardiosurgeons, cardiologists, and general practitioners
(not all of whom took part in the study) identified patients with increased
risk of surgical complications. They considered the following as risk factors
in this context: cerebrovascular events experienced, complicated coronary
anatomy, diabetes mellitus, reduced ejection fraction, peripheral arterial
occlusion, previous coronary bypass operations, or renal insufficiency. A
total of 104 patients either underwent bypass surgery or received a neu-
rostimulator. Both of these patient groups experienced comparable reduc-
tion in their angina pectoris syndrome (Fig. 4). Ergometric stress testing
revealed that the bypass patients enjoyed an advantage with respect to physi-
cal functional capacity. It must be noted here, however, that neurostimula-
tion was deactivated during physical stress testing. Eight deaths took place
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Fig. 3. Course of angina pectoris symptoms, with NYHA classification, for 517 patients
(data from [35])

Fig. 4. Frequency of severe angina pectoris attacks among patients before and after sur-
gical revascularisation, and before and after implantation of a spinal cord stimulation
system, within the context of the ESBY Study (data from [29]). This study examined
patients with increased risk of surgical complications



within the first 6 months: seven within the bypass group, and one in the SCS
group. Follow-up data collected after 3 and 5 years revealed no significant
difference in survival rate between the two groups. The authors concluded
that neurostimulation therapy merited discussion as an alternative for
patients with an increased risk of surgical complications.

Safety

Does neurostimulation suppress the angina pectoris syndrome to the extent
that the patient no longer experiences the pain occurring even during a
myocardial infarction? Anderson et al. addressed this crucial question as
long ago as 1994 [37]. They monitored a total of 50 patients with implanted
SCS systems over a period from 1 to 57 months. During this observation of
patient progress, ten patients suffered acute myocardial infarctions. Nine of
these ten patients reported the thoracic pain syndrome that typically accom-
panies myocardial infarction. One patient died acutely, with loss of the rele-
vant information. Consequently, it may be stated that masking of infarction
pain did not occur.

Another frequently posed question is: do these patients, with the aid of
neuromodulation, achieve a higher level of physical functional capacity at
the cost of no longer being able to sense dangerous myocardial ischaemia?
Recently, a group working under Schwinger [38] published intermediate
results of a controlled study of, so far, 15 patients who had suffered from
refractory angina pectoris and undergone SCS. All patients demonstrated an
increase in physical stress tolerance. Eight patients (53%) further experi-
enced a reduction in myocardial ischaemia, proven by means of scintigraphy.
The remaining seven patients showed no change. Even though these were
only preliminary results, they may at least be taken as an indication that the
clinical improvement of the patients was not at the cost of exacerbated but
unperceived ischaemia. Other studies have provided further evidence by
revealing a decrease in ST segment depression under physical stress [39, 40].
Data published by Eliasson et al. have also provided positive evidence of
patient safety [41]. Their analysis of Holter ECGs revealed an increase in nei-
ther ischaemic episodes nor arrhythmias.

Risk–Benefit Analysis

Murray et al. have investigated the influence of SCS on the level of hospital
admittance [42]. Their study compared the admittance rates of 19 patients
after SCS implantation with rates before implantation. The results were 0.27
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admittances per patient per year after SCS, in contrast to 0.97 before SCS
implantation (P = 0.02). The mean bed-rest period was, analogously, 2.5
days after SCS vs 8.3 days before (P = 0.04). Patients with unstable angina
pectoris or acute myocardial infarction reported for medical care without
delay; silent myocardial ischaemia was not observed. Neuromodulation in
the form of SCS therefore reduces the number of hospital admittances, with-
out masking myocardial ischaemia or infarction. Cost savings achieved from
fewer hospital admittances recover the cost of implantations after only 3
years.
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Guidelines for Antihypertensive Treatment: The Debate on the
Choice of Antihypertensive Drugs

A. SALVETTI, L. GHIADONI, G. SALVETTI

Introduction

Data from controlled clinical trials and above all their interpretation have
strongly influenced guidelines on antihypertensive therapy, as shown by
divergent recommendations on the choice of antihypertensive drugs in the
three most widespread guidelines, namely the JNC-7 Report [1], ESH-ESC
[2], and WHO-ISH [3] Guidelines.

According to the JNC-7 Report [1], for most patients with uncomplicated
hypertension thiazide-type diuretics are the first-choice drug, either alone or
combined with drugs from other classes, while the ESH-ESC Guidelines [2]
state that the major classes of antihypertensive agents (diuretics, beta-block-
ers, calcium antagonists, ACE inhibitors, and Angiotensin-Receptor 1 (AT1) 
-receptor blockers) are suitable for initiation and maintenance of therapy.
The ESH-ESC Guidelines [2] further suggest that alpha-blockers and central
agents can also be considered, particularly for combination therapy, which
need not necessarily include diuretics. Finally, the WHO-ISH Guidelines [3]
recommend that for the majority of patients without compelling indication
for another drug class, a low dose of diuretics should be considered as first
choice of therapy.

Divergent Recommendations on the Choice of Antihypertensive Drugs:
Why?

The JNC-7 Report [1] recommendation arose from the twofold recognition
that thiazide-type diuretics have been the basis of antihypertensive therapy
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in most outcome trials and that in these trials, including the recently pub-
lished Antihypertensive and Lipid-Lowering treatment to prevent Heart
Attack Trial (ALLHAT) [4, 5], diuretics have been virtually unsurpassed in
preventing the cardiovascular complications of hypertension. Moreover,
diuretics can be useful in achieving blood pressure (BP) control as well as
enhancing the antihypertensive efficacy of multidrug regimens, and they are
more affordable than other antihypertensive agents.

The WHO-ISH Guidelines [3] acknowledge that the totality of trial evi-
dence shows the major antihypertensive drug classes to be largely equivalent
in efficacy and safety, the benefits deriving mainly from BP reduction.
However, these Guidelines preferentially indicate a low dose of diuretics on
the basis of greater availability and lower cost.

The ESH-ESC Guidelines [2] justify their liberal choice of antihyperten-
sive drugs by noting that the main benefit of antihypertensive therapy is due
to BP lowering per se. It is pointed out that drugs are not equal in terms of
side effects, particularly in individual patients, and that drug choice will be
influenced by many factors, including previous experience of patients with
antihypertensive agents, patient’s preference, patient’s risk profile, presence
or absence of subclinical target organ damage or of particular indications,
and cost of drugs. Finally, the ESH-ESC Guidelines [2] clearly state that the
emphasis on identifying the first class of drugs to be used is probably super-
seded by the need to use two or more drugs in combination in order to
achieve goal BP.

Thus, the reasons why these Guidelines diverge as to recommended first-
choice drug are, firstly, different interpretations of controlled clinical trials
undertaken for drug class comparison and, secondly, drug cost considerations.

Data from Controlled Clinical Studies: Are Diuretics Really Unsurpassed?

Placebo-controlled clinical studies have shown that the benefit of antihyper-
tensive therapy in preventing cardiovascular events with diuretics alone or
combined with a beta-blocker [6] is similar to that achieved with ACE
inhibitors and calcium antagonists [7]. Such a finding suggests that this ben-
efit is due to BP lowering per se [6, 7].

The possibility that a particular drug class may have a BP-independent
beneficial effect, thereby offering additional advantages in preventing cardio-
vascular morbidity and mortality, was evaluated in 11 controlled clinical trials
for a total of 15 drug comparisons (Table 1). Overall, these studies showed no
difference in primary endpoints among various drug classes, with the excep-
tion of two studies: the LIFE trial, in which treatment based on AT1-blockers
significantly reduced cerebrovascular events compared to that based on a
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beta-blocker [8], and the ANBP-2 trial, in which treatment based on an ACE
inhibitor reduced a composite of all cardiovascular events (both initial and
recurrent) as compared to thiazide diuretic-based treatment [9].
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Table 1. Controlled clinical studies on drug class comparison 

Study Drugs Primary end-point Relative risk (95% CI)

NORDIL Diltiazem vs diuretics/ Fatal and non-fatal 1.00 (0.87–1.15)
beta-blockers stroke, MI, other CV death

CONVINCE Verapamil vs First occurrence of stroke 1.02 (0.88–1.18)
atenolol/HCZ and MI, CV mortality

INVEST Verapamil vs atenolol CHD morbidity and 1.02 (0.92–1.15)
mortality

INSIGHT Nifedipine vs HCZ CV mortality, MI, CHF, 1.10 (0.91–1.34)
+ amiloride stroke

ALLHAT Chlorthalidone vs CHD morbidity 0.99 (0.91–1.08)
amlodipine and mortality

STOP-H 2 Diuretics/beta-blockers Fatal stroke, MI 0.99 (0.84–1.16)
vs ACE-I/Ca-A and other CV death

CAPPP Captopril vs diuretics/ CV mortality, MI, stroke 1.05 (0.90–1.22)
beta-blockers

ALLHAT Chlorthalidone vs CHD morbidity 0.98 (0.90–1.07)
lisinopril and mortality

ANBP-2 ACE-I vs diuretics CV events and 0.89 (0.79–1.00)
total mortality P = 0.05

ALLHAT Chlorthalidone vs CHD morbidity 1.02 (0.92–1.15)
doxazosin and mortality

LIFE Losartan vs atenolol CV mortality, MI, stroke 0.87 (0.77–0.98)
P = 0.021

SCOPE Candesartan vs placebo CV mortality, MI, stroke 0.89 (0.72–1.06)
(other drugs)

VALUE Valsartan vs amlodipine CHD morbidity 1.04 (0.94–1.15)
and mortality

MI, myocardial infarction; CV, cardiovascular; CHD, coronary heart disease; CHF, conges-
tive heart failure; HCZ, hydrochlorothiazide; ACE-I, ACE inhibitors; Ca-A, calcium antago-
nists
NORDIL: NORrdic DILtiazem study; CONVINCE: Controlled ONset Verapamil
INvestigation of Cardiovascular Endpoints; INVEST: International Verapamil–trandolapril
STudy; ALLHAT: Antihypertensive and Lipid-Lowering Treatment to Prevent Heart Attack
Trial; STOP-H2: Swedish Trial in Old Patients with Hypertension-2; CAPPP: CAPtopril
Prevention Project; ANBP-2: Second Australian National Blood Pressure study; LIFE:
Losartan Intervention For Endpoint reduction in hypertension; SCOPE: Study on
Cognition and Prognosis in the Elderly; VALUE: Valsartan Antihypertensive Long-term
Use Evaluation trial



In seeking to comment on these data, the following lines of reasoning
should be taken into consideration. First, the failure of these clinical trials to
demonstrate BP-independent effects might be explained by study limita-
tions. These studies may have been performed in patients at higher risk due
to age, other risk factors, or known cardiovascular disease and therefore
poorly representative of the hypertensive population [10]. Moreover, com-
parative drugs were often superimposed on other antihypertensive drugs in
the attempt to achieve goal and similar BP values [10], a target which was not
always reached as trial designs sometimes involved no-rational combination
therapies and/or favoured the antihypertensive effect of a particular drug
class as compared to others [11]. Since available data indicate that reduction
in cardiovascular morbidity and mortality rates is dependent on BP reduc-
tion, lowering BP to optimal goal levels could attenuate the difference in out-
comes resulting from specific effects of different antihypertensive drugs.
Furthermore, differences in BP among treatments may explain some differ-
ences in secondary end-points [10, 11].

These hypotheses are in agreement with the following data. A recent
meta-analysis [7] indicates a linear relationship between the change in sys-
tolic BP and reduction in morbidity and mortality for stroke, coronary heart
disease, and cardiovascular disease, with the exception of heart failure. The
analysis also makes it clear that larger reductions in BP produce larger
reductions in risk of major cardiovascular events. Differences in systolic BP
constitute a likely explanation for the greater incidence of stroke in the dox-
azosin [4] and lisinopril [5] arms of ALLHAT, in which the incidence of
stroke in the lisinopril group is accounted for by a 40% greater incidence in
black patients who showed the lowest degree of systolic BP reduction [11,
12]. Moreover, data from the VALUE trial indicate that early (within 6
months) control of systolic BP (< 140 mmHg) can significantly reduce the
incidence of cardiovascular events and above all of stroke and congestive
heart failure in high risk patients [13]. Finally, since in these trials a percent-
age of patients were either not on assigned comparative drugs or crossed
over treatments, the intention-to-treat analysis of data might have favoured
pseudo-equivalence.

The second line of reasoning to be taken into consideration is that the
claimed superiority of diuretics derives from ALLHAT [4, 5] data and a net-
work meta-analysis [14]. The strengths and limitations of ALLHAT have
been already commented on [11] and can be summarised as follows. The
main strength of this study is that with regard to primary outcomes (coro-
nary mortality and non-fatal myocardial infarction) chlorthalidone-based
treatment was equally as effective as treatment based on amlodipine or
lisinopril or doxazosin, and with regard to some secondary end-points such
as prevention of stroke it was superior when compared to doxazosin and
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lisinopril. It was also more effective in prevention of morbidity – but not
mortality – from congestive heart failure when compared to the other three
treatments [4, 5]. However, as stated above, the difference with regard to
stroke could be due to a difference in systolic BP. In contrast, the difference
with regard to congestive heart failure might be explained by poor accuracy
and/or difficulty in diagnosis; alternatively, withdrawal of previous diuretic
therapy may have unmasked congestive heart failure symptoms in patients
with left ventricular dysfunction [11]. Thus ALLHAT confirmed and
strengthened the clinical relevance of thiazide diuretics in the treatment of
hypertension but did not prove the superiority of these drugs. This conclu-
sion is in agreement with an expanded analysis of the ALLHAT data present-
ed at the American Society of Hypertension Meeting 2004, which suggests
the following interpretations [15]:
– The superiority of chlorthalidone versus lisinopril was detectable in

black, but not in white patients. Therefore, it would be reasonable to state
that, whereas diuretics remain the preferred first-line drugs for black
patients, ACE inhibitors and diuretics could be regarded as co-equal rec-
ommendations for initiating therapy in whites.

– The primary coronary end-point was not different for amlodipine com-
pared to the other two drugs, and the other major end-points of stroke
and all-cause mortality tended slightly in its favour. Therefore, for many
patients the excellent antihypertensive efficacy and tolerability of calci-
um antagonists continue to make them a popular and appropriate choice.
The latter interpretation can be reinforced by the VALUE trial data, in

which amlodipine significantly reduced the incidence of fatal and non-fatal
myocardial infarction when compared to the AT1-blocker [16]. It is further
strengthened by a recent meta-analysis indicating that calcium antagonists,
and above all dihydropiridine calcium antagonists, can reduce the risk of
stroke when compared to other antihypertensive treatments [17]. Despite
this, calcium antagonists did not decrease the risk of congestive heart failure
when compared to placebo [7] and were inferior in this respect to active
treatments based on diuretics, either alone or combined with beta-blockers
[5, 7], or based on ACE inhibitors [7]. The meta-analysis [14], which claimed
the superiority of diuretics versus all other antihypertensive drugs, not only
included data from controlled clinical studies on drug class comparison, but
also data from indirect comparative studies (active treatment versus placebo
or no treatment). On the other hand, it did not take into account differences
in BP, which can explain difference in outcomes [18].

The last issue to be discussed is whether all thiazide-like diuretics, when
used at low and/or appropriate doses [19], offer similar beneficial effects.
Attention focuses in particular on exploring whether positive results for
chlorthalidone [5, 20] can be applied to thiazide diuretics in general and
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especially to hydrochlorothiazide [21]. The superiority of chlorthalidone
versus hydrochlorothiazide is suggested by a post hoc analysis of the
Multiple Risk Factor Intervention Trial (MRFIT) and by comparison of data
from the ALLHAT and ANBP-2 studies. In MRFIT [22], which examined spe-
cial intervention versus usual care groups, coronary heart disease and total
mortality were reduced at clinics where special intervention clinicians used
chlorthalidone and increased when hydrochlorothiazide was given. This lat-
ter pattern was reversed when clinicians sw itched pat ients from
hydrochlorothiazide to chlorthalidone but at lower doses. At variance with
the above described ALLHAT data, in which chlorthalidone was certainly not
inferior to lisinopril [5], the ANBP-2 study [9] appeared to suggest that ACE-
inhibitor-based treatment (enalapril recommended) offered greater protec-
t ion from cardiovascular events than did diuretic-based treatment
(hydrochlorothiazide recommended). However, a recent meta-analysis [23]
of placebo-controlled trials of low-dose diuretics seemed to show that major
cardiovascular outcomes resulting from chlorthalidone and other thiazide-
like drugs were similar, indicating that the benefit of treatment with thiazide
diuretics is a class effect. In conclusion, the overall data reported above do
not point to a greater benefit of a particular drug class, beyond reduction in
BP values, which is actually the more likely explanation of the benefit of
antihypertensive therapy. In this setting thiazide-like diuretics can be viewed
as efficient but not superior to other antihypertensive drugs. Therefore their
preferential choice should be based principally on drug cost.

Cost-Benefit Analysis: Are Thiazide Diuretics Really Less Expensive?

Certainly thiazide-like diuretics are less expensive than newer types of anti-
hypertensive agents, and are therefore favoured in terms of cost minimisa-
tion [21]. But cost is not the sole consideration, and further cost–benefit
analyses, announced by the ALLHAT authors although not performed so far
[21], are awaited. We believe that their analysis should also take into account
the adverse metabolic effects of thiazide diuretics, consisting of an increase
in cholesterol levels, blood glucose, new-onset diabetes, and hypokalaemia
[5, 21]. While these metabolic effects did not translate to into a greater fre-
quency of cardiovascular events in the relatively short-term follow-up of
ALLHAT [5], they could have a major impact on the cost–benefit relation-
ship, because in the long term they can reduce the benefit of treatment [24,
25] and increase the cost owing to the need for further pharmacological
therapy designed to treat the metabolic abnormalities [11].
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Is the Choice of First Drug Class Relevant in Clinical Practice?

The answer to this question is yes if the choice of antihypertensive drugs is
based on the following considerations.
1. Efficacy in reducing BP and tolerability, the latter also including metabol-

ic effects.
2. The benefit of particular drug classes in patients with compelling indica-

tions such as heart failure, previous myocardial infarction, high coronary
disease risk, diabetes, chronic kidney disease, and previous stroke [1, 2].

3. Subclinical target organ damage, such as left ventricular hypertrophy [26]
or ultrasound evidence of arterial wall thickening or atherosclerotic
plaque of the carotid arteries [2] in which particular drug classes other
than diuretics are suggested.

4. Other clinical conditions not causally but frequently associated with
hypertension, such as headache, Raynaud’s phenomenon, constipation,
diarrhoea, gastrointestinal reflux, gout, renal stones, benign prostatic
hyperplasia, chronic obstructive pulmonary disease, tremor, osteoporosis
and psychiatric disorders, in which different antihypertensive drugs can
have beneficial or detrimental effects.
However, we believe that the debate on the first-choice drug class has

probably been emphasised since the above-mentioned clinical conditions
frequently occur in hypertensive patients and in the majority of patients two
or more drugs in combination are necessary in order to achieve goal BP [2].

Conclusions

Available data from controlled clinical trials comparing different drug class-
es seem to indicate a similar benefit in preventing cardiovascular morbidity
and mortality in hypertensive patients. Although some differences in sec-
ondary end-points were detected, the overall benefit of various antihyper-
tensive regimens seems to be linked to the extent of BP reduction. The cost
of antihypertensive drugs (cost minimisation) is not an overwhelming con-
sideration until cost–benefit analyses are correctly performed. Moreover,
although the cost of drugs should be taken into account both for individual
patients and for the health provider, cost considerations should not predomi-
nate over those of efficacy and tolerability in individual patients.

We therefore believe that liberality of choice among various antihyper-
tensive drugs could offer an appropriate possibility of selecting the right
drug for the right patient in order to achieve BP control, a goal which often
requires rational combinations of antihypertensive drugs.
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Aspirin and Cardiovascular Prevention in the Guidelines and in
the Real World

G. DI PASQUALE, P.C. PAVESI, G. CASELLA

Platelets play a pivotal role in the development and progress of atheroscle-
rotic vascular disease, as well as in the pathogenesis of its unstable clinical
manifestations (e.g., unstable angina, non-ST elevation myocardial infarction
(MI), ST elevation MI, and stroke) [1].

Therefore, antiplatelet therapy is an integral component in the treatment
of patients with atherosclerotic cardiovascular disease, which represents the
leading cause of death and disability worldwide.

Aspirin is the cornerstone of oral antiplatelet therapy and is effective for
the prevention and treatment of cardiovascular events [2].

The availability and cost-effectiveness of aspirin have made it the most
widely employed antiplatelet agent for the prevention and treatment of vas-
cular disease.

Mechanism of Action of Aspirin

Aspirin (acetylsalicylic acid) permanently inactivates by acetylation the
activity of prostaglandin (PG) H synthase-1 and PGH synthase-2 (also
referred to as COX-1 and COX-2) [3–6].

Platelet COX-1 inhibition leads to the prevention of thromboxane A2
(TXA2) synthesis and impairment of platelet secretion and aggregation.
Moreover, since aspirin probably inactivates COX-1 in relatively mature
megakaryocytes, and since only 10% of the platelet pool is replaced each day,
a once-a-day dose of aspirin is able to maintain a virtually complete inhibi-
tion of platelet TXA2 production, despite aspirin’s short half-life [7].

In addition, vascular endothelial cells process PGH2 to produce primarily
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prostacyclin (i.e., PGI2), which inhibits platelet aggregation and induces
vasodilation [5]. Vascular PGI2 derive both from COX-1, as short-term
changes in response to agonist stimulation (e.g. bradykinin [8]), and to a
greater extent from COX-2 [9] as long-term changes in response to laminar
shear stress [10]. Also, vascular COX-1 is sensitive to transient aspirin inhibi-
tion at conventional antiplatelet doses, while vascular COX-2 is largely insen-
sitive to aspirin inhibition at these doses. This may account for the substan-
tial residual COX-2-dependent PGI2 biosynthesis in vivo at daily doses of
aspirin between 30 and 100 mg, despite transient suppression of COX-1-
dependent PGI2 release [8]. It has never been demonstrated that a more pro-
found suppression of PGI2 formation by higher doses of aspirin may initiate
or predispose to thrombosis.

Because aspirin is approximately 50- to 100-fold more potent in inhibit-
ing platelet COX-1 than monocyte COX-2, the inhibition of COX-2-depen-
dent pathophysiological processes (e.g. hyperalgesia and inflammation)
requires larger doses of aspirin (because of decreased sensitivity of COX-2 to
aspirin) and a much shorter dosing interval (because nucleated cells rapidly
resynthesise the enzyme). Thus, there is an approximately 100-fold variation
in the daily doses of aspirin when used as an anti-inflammatory rather than
as an antiplatelet agent [7].

Aspirin in Secondary and Primary Prevention

The efficacy and safety of aspirin are documented from the analysis of approx-
imately 70 randomised clinical trials that included 115 000 patients represent-
ing the whole spectrum of atherosclerosis, from apparently low-risk individu-
als to patients presenting with acute MI or acute ischaemic stroke.

The length of trials ranges from as short as a few weeks to as long as
many years.

Long-term aspirin therapy confers a conclusive net benefit on the risk of
subsequent MI, stroke, or vascular death among patients with chronic stable
angina [11], patients with prior MI [12], patients with unstable angina
[13–16], and patients with TIA or minor stroke [17-22], as well as other high-
risk categories [12].

The effects of long-term aspirin therapy on vascular events in these dif-
ferent clinical settings are homogenous, ranging from a 20% to a 25% odds
reduction of relative risk, based on an overview of all randomised trials [12].

In terms of absolute benefit, these protective effects of aspirin translate
into avoidance of a major vascular event in 50 patients per 1000 patients
with unstable angina who had been treated for 6 months, and in 36 patients
per 1000 patients with prior MI, stroke, or TIA who had been treated for
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approximately 30 months [12].
Aspirin has been evaluated in five ‘primary’ prevention trials [23-28] in

approximately 58 000 persons with different cardiovascular risk. All these
studies, except the British Doctors’ Trial, showed a reduction in the rates of
cardiovascular events primarily driven by a reduction in the occurrence of
MI [29]. Reductions in the relative risk ranged from 4 to 44%; reductions in
the absolute risk ranged from 0.03 to 0.31% per year; and the number of
patients who would need to be treated to prevent one MI during 5 years of
treatment ranged from 65 to 667. None of the trials showed a reduction in
the risk of death from any cause or stroke, although they were not statistical-
ly powered for such analyses.

These five primary prevention trials, and a larger number of randomised,
controlled trials of secondary prevention, demonstrate that aspirin increases
rates of major and minor bleeding. In particular, the rates of major gastroin-
testinal bleedings are approximately 2 to 4 per 1000 middle-aged persons (4
to 12 per 1000 for older persons) given aspirin for 5 years [30-32].

A meta-analysis of 16 placebo-controlled trials testing aspirin use for car-
diac and other indications found that aspirin increased the absolute risk of
cerebral haemorrhage by 12 events per 30 000 person-years of follow-up
(95% confidence interval, 5 to 20) [33].

Furthermore, these controlled trials in primary and secondary preven-
tion suggest that aspirin increases rates of haemorrhagic strokes by a small
amount (0 to 2 per 1000 persons given aspirin for 5 years) [24, 25, 27].

However, such estimates are less reliable than those of gastrointestinal
bleedings, because few strokes were reported in these trials.

If one compares the absolute benefits of aspirin in people without clinical
manifestation of atherothrombosis (primary prevention), with those
achieved in the prevention of MI in patients with chronic stable angina [11],
it becomes apparent that the level of cardiovascular risk in the control popu-
lation (i.e. those receiving placebo) is a major determinant of the absolute
benefit of antiplatelet therapy. The results obtained in aspirin trials that have
recruited high-risk male and female pat ients (e.g. the Thrombosis
Prevention Trial, the Hypertension Optimal Treatment (HOT) trial [26], and
the Primary Prevention Project [28]) clearly demonstrate that proper man-
agement of modifiable risk factors by current multifactorial strategies can
reduce the actual risk of experiencing a major vascular event to a level at
which the additional benefit of aspirin does not clearly outweigh the risk of
major bleeding complications.

Additional data assessing the risk/benefit ratio of long-term aspirin pro-
phylaxis in apparently healthy persons are currently being collected by the
Women’s Health Study, an ongoing trial of low-dose aspirin therapy (100 mg
every other day) among 40 000 US female health-care professionals.
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Dose of Aspirin in Prevention

Primary and secondary prevention trials have demonstrated benefits with a
variety of regimens, including 75 mg/d, 100 mg/d, and 325 mg every other
day. There has been no primary-prevention trial to date that has compared
different doses of aspirin. However, studies of aspirin dosage and platelet
function have suggested that, for the prevention of MI, low doses of aspirin
(100 mg per day or less) are adequate. Furthermore, for other clinical pur-
poses, such as the prevention of stroke, low-dose aspirin is just as effective as
the high-dose therapy [7] and the risk/benefit profiles of the drug depend on
the dose, since its gastrointestinal toxicity is dose-dependent.

Aspirin Resistance

Recently, the issue of aspirin resistance has become relevant in clinical prac-
tice. In fact, approximately 5–10% of patients with stable coronary disease do
not have a decrease in platelet function when they are given aspirin; these
patients with aspirin resistance tend to be older and are more often women
and nonsmokers. However, clinical data on the real significance of such a
resistance are still controversial; therefore, it is not known whether aspirin
resistance predicts a worse overall prognosis or a lack of clinical benefit
from aspirin therapy [34].

Current Guidelines

Long-term use of aspirin for the secondary prevention of all forms of coro-
nary artery disease is recommended and consolidated in the guidelines [35],
while the issue of primary prevention has been recently updated [36, 37].

National guidelines in the United States have recommended primary pre-
vention with aspirin for patients with a 5-year cardiovascular risk above
3–5% [36, 38]. The risks, particularly for haemorrhagic stroke and gastroin-
testinal bleeding, may outweigh the benefits in people with a predicted car-
diovascular risk below 3%.

Moreover, the prevalence of coronary heart disease varies widely, and is
lower in many other countries than in the United States [39]. Therefore, at
the population level, the absolute benefit of a preventive therapy in these
countries would be less than the benefits observed in the United States [40].

For this reason, not only must the national guidelines consider the preva-
lence of coronary heart disease in the respective country, but also the likeli-
hood of adverse events, because in some countries the incidence of haemor-
rhagic stroke may be higher that in the United States, and the risk/benefit
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ratio of preventive therapies may differ [41].
If a country has a higher prevalence of adverse effects with aspirin, in

particular gastrointestinal bleeding or haemorrhagic stroke, the risk/benefit
ratio of aspirin may become unfavourable, except in patients with a very
high cardiovascular risk. The lack of epidemiological data about these events
in many countries limits such comparisons. For example, most epidemiologi-
cal studies comparing stroke incidence across countries have limited data
that differentiate between ischaemic and haemorrhagic stroke [42].

The threshold to recommend aspirin for primary prevention in a country
will depend on these risks and the relative prevalence of coronary heart dis-
ease. To recommend aspirin for primary prevention, national guidelines in
countries with high rates of gastrointestinal bleeding or haemorrhagic
stroke should probably modify the U.S. guidelines and use a higher threshold
to obtain a favourable risk/benefit profile [40].

For this reason, recent guidelines from the Second Joint Task Force of
European and Other Societies on Coronary Prevention emphasise the impor-
tance of estimating absolute coronary risk for designing primary-prevention
regimens [43]. These guidelines recommend 75 mg of aspirin daily in
patients with treated hypertension and in men who are particularly at risk
for coronary heart disease [43].

Finally, 1999 guidelines for the management of hypertension from the
British Hypertension Society recommend aspirin therapy for primary preven-
tion in hypertensive patients 50 years of age or older who have satisfactory con-
trol of their blood pressure (<150/90 mm Hg) and either target-organ damage,
diabetes, or a 10-year risk of coronary heart disease of at least 15% [44].

Although the risk/benefit ratio is most favourable in high-risk people
(those with a 5-year risk ≥ 3%), certain subgroups could benefit from aspirin
in primary prevention.

Hypertension

Although one of the trials on aspirin for the prevention of coronary disease
specifically focused on patients with hypertension [26], concern has been
expressed that aspirin may be less beneficial [24], or perhaps even danger-
ous, in patients with high blood pressure. According to a post hoc subgroup
analysis [45] in the Thrombosis Prevention Trial [27], aspirin led to a signifi-
cant reduction in the rate of coronary events among patients with baseline
systolic blood pressure of less than 130 mm Hg, but not among those with a
baseline systolic blood pressure of more than 145 mm Hg. Although this sub-
group analysis must be interpreted cautiously, it suggests that adequate
blood-pressure control is particularly critical among patients for whom
aspirin is prescribed for the prevention of coronary disease [45].
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Diabetes Mellitus

Diabetes mellitus is associated with a risk of fatal coronary heart disease that
is as high as the risk associated with a history of MI in patients without dia-
betes [46]. Whether prophylactic aspirin therapy reduces the risk of coro-
nary events in patients with diabetes has not been systematically studied. In
the Physicians’ Health Study, aspirin use reduced the risk of MI in patients
with diabetes from 10% to 4% during 5 years of follow-up, and no interac-
tions with treatments for diabetes were noted [24]. In the Early Treatment
Diabetic Retinopathy Study, a randomised trial involving 3711 patients with
diabetes and nonproliferative or early proliferative retinopathy, MI tended to
be less frequent among subjects randomly assigned to receive 650 mg of
aspirin per day than among those assigned to placebo [47]; aspirin had no
effect on the progress of eye disease [48].

Elevated Levels of C-Reactive Protein

In addition to inhibiting thrombosis, aspirin is an anti-inflammatory drug.
According to a subgroup analysis in the Physicians’ Health Study, the benefit
of aspirin was largely confined to men who had elevated levels of C-reactive
protein [49]. Further study is needed to determine whether measurement of
the level of C-reactive protein would be a better means of identifying appro-
priate candidates for aspirin therapy [50].

Aspirin Use in the Real World

The issue of aspirin use in the real world is strongly influenced by the clini-
cal setting, which is where we treat the patient.

Of subjects hospitalised due to MI, between 60% [51] and 84% [52]
receive aspirin. Similar rates of aspirin use during hospitalisation for unsta-
ble angina [53-59] have been noted. Aspirin use has increased over time,
with a prominent increase associated [60-62] with the publication in 1988 of
the results of the Second International Study of Infarct Survival [63].

After hospitalisation for coronary artery disease, relatively high rates of
aspirin use were noted in the British Action on Secondary Prevention
through Intervention to Reduce Events (ASPIRE) study (86%) [64] and the
European Action on Secondary Prevention through Intervention to Reduce
Events (EUROASPIRE) study (81%, which included other antiplatelet med-
ications) [65]. Recently, the BLITZ survey, which enrolled patients with acute
MI admitted to Italian Coronary Care Units, also confirmed the very high
rate of aspirin use at discharge [52]. However, the Euro Heart Survey of
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Acute Coronary Syndromes demonstrates that a substantial proportion of
patients did not receive aspirin at discharge (11.5–16.9%), only partially
explained by the widespread use of anticoagulation agents or the other
antiplatelet agents, such as ticlopidine and clopidogrel [59].

On the other hand, aspirin use in outpatients is less likely than in hospi-
talised or recently hospitalised patients. In the Scandinavian Simvastatin
Survival Study (4S), only 37% of randomised patients had been receiving
aspirin [66]. In the Atherosclerosis Risk in Communities (ARIC) study,
aspirin use was noted in 53% of patients with a history of MI and in 30% of
those with a history of angina [67]. Among the patients of general practi-
tioners in London, only 48% of those with coronary artery disease used
aspirin [68]. Finally, aspirin use was noted in 63% of patients with coronary
artery disease who were seen by Scottish general practitioners [69].

In the United States, aspirin use in outpatients increased from 1980 to
1996, but the magnitude of this increase was less than expected, and aspirin
use in patients with coronary artery disease has not yet become a widely dis-
seminated practice [70].

The results of these studies suggest that aspirin use in patients with coro-
nary artery disease is less frequent than desirable, particularly in community
settings. Because outpatients represent the majority of all patients with coro-
nary artery disease, the overall impact of secondary prevention efforts are as
yet suboptimal.

In primary prevention, the first steps in deciding whether to consider
aspirin are the assessment of the 5-year risk for that individual of developing
a cardiovascular event and the assessment of the relative potential harm. The
decision to use aspirin should be based on the risk/benefit ratio at the
patient level [38]. In the United States, the 5-year cardiovascular risk may be
estimated through the Framingham risk score [50].

In countries outside the United States, where a lower prevalence of coro-
nary heart disease is expected [71], cardiovascular risk assessment using the
Framingham risk score may overestimate the risk. To overcome this prob-
lem, country-appropriate risk factor algorithms, like the new Italian risk pre-
diction system, should be used (http://www.ministerosalute.it/).

Conclusions and Recommendations

Aspirin use in patients with coronary artery disease is less frequent than
desirable, particularly in community settings. The low use of aspirin in these
settings may result from the less-intense clinical attention received by outpa-
tients as compared with hospitalised patients.

Practices in community settings, however, are likely to better represent
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the overall impact of secondary prevention efforts because hospitalised
patients represent only a small proportion of all patients.

Therefore, despite substantial increases in aspirin use, patterns of use in
secondary prevention remain suboptimal.

The decision to initiate aspirin therapy in primary prevention should be
based on a careful assessment of absolute risk. Before advising aspirin for
primary prevention, physicians must assess the patient’s 5-year cardiovascu-
lar risk and compare it with the likelihood of adverse effects. The risk/bene-
fit ratio should be re-assessed at least once every 3–5 years, since it might
well increase to a point at which aspirin therapy would be appropriate.
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Serial Changes in Left Ventricular Mass in Hypertension:
Prognostic Impact

P. VERDECCHIA, F. ANGELI, M.G. SARDONE, R. GATTOBIGIO

Introduction

Among the several adverse changes in cardiovascular morphology and func-
tion that may occur in hypertension, increased left ventricular (LV) mass is
of the utmost importance. Increased LV mass is a major predictor of cardiac
and cerebrovascular events independently of the traditional cardiovascular
risk factors such as blood pressure, diabetes, cholesterol levels, and smoking
status [1–5]. The prevalence of ventricular arrhythmias is also substantially
higher in hypertensive patients with LV hypertrophy than in those with no
evidence of cardiac remodelling [6–8].

Although the mechanisms of the association between LV mass and prog-
nosis are not completely clear, LV mass is generally considered a biological
assay that reflects and integrates the long-term cumulative effect of several
risk factors for cardiovascular disease.

LV hypertrophy can be schematically divided into three main types: con-
centric, eccentric, and asymmetric. Longitudinal studies have suggested that
the definition of LV geometry may be used to refine cardiovascular risk
stratification in hypertensive subjects [9–13]. Such studies have found that,
overall, the risk of developing cardiovascular disease was greater in patients
with concentric remodelling than in those with normal LV geometry, and
greater in patients with concentric LV hypertrophy than in those with eccen-
tric LV hypertrophy [10–13]. However, since LV mass was greater in subjects
with concentric remodelling than in those with normal geometry, and also
greater in subjects with concentric LV hypertrophy than in those with eccen-
tric LV hypertrophy, the independent prognostic impact of LV geometry was
reduced or abolished completely due to the overwhelming prognostic value
of the LV mass itself [9–13].
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Regression of LV Hypertrophy

The Framingham Heart Study [14] has shown that subjects with electrocar-
diographic (ECG) evidence of LV hypertrophy at entry and serial increase in
the ECG voltages over time are twice as likely to suffer a major cardiovascu-
lar event over the subsequent years as are those with serial decrease in the
voltages. Moreover, in the Heart Outcomes Prevention Evaluation (HOPE)
study [15], the primary study end-point (cardiovascular death, myocardial
infarction, or stroke) occurred in 12.3% of subjects with absence or regres-
sion of LV hypertrophy during the study, compared with 15.8% of subjects
with new development or persistence of LV hypertrophy over the same time.

In the PIUMA study (Progetto Ipertensione Umbria Monitoraggio
Ambulatoriale) [16], the rate of cardiovascular events was higher in patients
who had not achieved regression of LV hypertrophy compared with those
with persistently normal LV mass. Event rates did not differ between the
group with regression of LV hypertrophy and the group with persistently
normal LV mass.

The mechanisms by which serial changes in LV mass parallel the risk of
major cardiovascular events in hypertensive subjects are still elusive. There
is abundant evidence that several factors may induce parallel changes in LV
mass and atherosclerotic lesions. Elevated blood pressure (BP) stimulates
both LV hypertrophy [17, 18] and atherosclerosis [19]. In hypertensive sub-
jects, LV mass and intima–media thickness seem to progress in parallel, gen-
erally in association with BP [20, 21]. Several non-haemodynamic factors
may influence LV mass and atherosclerosis, such as insulin and insulin
growth factors [22–27]. Furthermore, angiotensin II promotes the activation
of intracellular reactions, which may lead both to cardiac hypertrophy
[28–30] and progression of atherosclerotic lesions [31] through proliferation
of vascular smooth muscle cells and production of extracellular matrix pro-
tein [31]. AT1-receptor activation also play a well-established role in the
pathogenesis of atherosclerosis [32, 33]. Endothelin, a potent vasoconstric-
tor, stimulates both vascular cell migration and growth [34, 35] and cardiac
muscle hypertrophy [36]. Studies have also reported that HDL cholesterol, a
powerful determinant of atherosclerosis, shows an inverse association, inde-
pendent of BP, with LV mass [37, 38]. In hypertensive subjects, plasma vis-
cosity has been associated with both LV hypertrophy [39] and increased inti-
ma–media thickness [40].

The above considerations support the hypothesis that serial changes in
LV mass in treated hypertensive subjects may reflect the long-term level of
activity of several haemodynamic and non-haemodynamic factors potential-
ly active on atherosclerosis. On the one hand, the favourable prognostic
impact of regression of LV hypertrophy might reflect slower progression of
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atherosclerosis because of blunting of a variety of mechanisms not limited to
BP overload. On the other hand, lack of regression of LV hypertrophy may be
a marker of more advanced progression of atherosclerosis.

Serial Changes in LV Mass and Antihypertensive Treatment

Experimental studies [41, 42] suggested that afterload reduction is the main
mechanism leading to a reduction in myocyte volume, while inhibition of
the renin–angiotensin–aldosterone system is most effective in reducing
interstitial enlargement and improving diastolic filling.

In patients with hypertensive LV hypertrophy, regression of hypertrophy
is usually associated with reduction in BP [43, 44]. In clinical trials, as in
everyday practice, it is difficult to establish whether a given antihypertensive
drug is superior to another in inducing regression of LV hypertrophy. This is
because hypertensive subjects often have to combine several drugs with dif-
ferent mechanisms of action in order to achieve adequate BP control.
Subjects with LV hypertrophy, who generally have higher BP than those
without, also frequently need treatment with multiple drugs. As a result, the
merit of LV hypertrophy regression cannot really be attributed with any cer-
tainty to any specific drug class in clinical trials [45]. However, whatever the
differences between antihypertensive drugs in the degree of regression of LV
hypertrophy, systolic BP is the major determinant of the development and
regression of LV hypertrophy in subjects with essential hypertension.

A recent analysis of the PIUMA study [46] showed that the degree of
reduction in LV mass during treatment is associated more closely with the
reduction in 24-h ambulatory systolic BP than with that in clinical BP, proba-
bly because 24-h ambulatory systolic BP better reflects the BP load to which
the left ventricle is chronically exposed. The fundamental role of systolic BP
in the basic mechanisms leading to LV hypertrophy is supported by several
experimental data. The immediate cardiac consequence of a rise in SBP is an
increase in end-systolic wall stress that triggers cellular reactions, ultimately
leading to an increase in the volume of each cardiac myocyte. This process is
mostly due to addition of sarcomeres in parallel, and the resulting increase
in the cardiac mass tends to progressively normalise end-systolic wall stress.
This pattern is typical of prevalent or near-pure pressure overload states
such as hypertension and aortic stenosis.

Overview

A recent meta-analysis [47] of studies which were quite small in size, but
similar in their design and experimental procedures, investigated the prog-
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nostic impact of serial changes in LV mass. In all these studies, hypertensive
subjects were examined by echocardiography before and during antihyper-
tensive treatment, before occurrence of major cardiovascular events. Patients
were subsequently followed up for a further period of several years in order
to establish the association between prior changes in LV mass and subse-
quent events. Overall, these studies included 1064 hypertensive subjects
(41% women) aged 45–51 years, and 106 cardiovascular events. The echocar-
diographic study was carried out before the beginning of treatment and after
3–10 years of follow-up. Compared to subjects with lack of regression or new
development of LV hypertrophy, those who achieved regression of LV hyper-
trophy showed a 59% lower risk of subsequent cardiovascular disease [95%
confidence interval (CI): 22–79; P = 0.007]. The lower risk of events associ-
ated with regression of LV hypertrophy was consistent across the individual
studies. Compared to subjects with regression of LV hypertrophy, those with
persistently normal LV mass showed a similar risk of subsequent events
(odds ratio 0.64, 95% CI: 0.31–1.30; P = 0.21). Since the event risk was 36%
lower among the subjects who never experienced LV hypertrophy compared
to those with regression and the confidence intervals were wide, our study
could not provide conclusive evidence that regression of LV hypertrophy
reduces the risk of subsequent events to the same level as that of subjects
who never experienced LV hypertrophy (Fig. 1).
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Fig. 1. Cardiovascular events in hypertensive subjects with regression vs. persistence
or new development of left ventricular hypertrophy (data from [47])
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New Approach in the Prevention of Atrial Fibrillation: Role of
Angiotensin II Antagonists

P. VERDECCHIA, F. ANGELI, M. G. SARDONE, R. GATTOBIGIO

Introduction

Atrial fibrillation (AF) is a common cardiac disorder that may lead to signifi-
cant morbidity and mortality. Its incidence in the general population is
increasing; projections in the US population suggest that more than 5.6 mil-
lion Americans (50% of whom will be 80 years of age or more) will have AF
by the year 2050 [1, 2].

Although much remains to be known about the basic pathophysiological
mechanisms underlying the disorder, several clinical factors have been iden-
tified as potential predictors of AF. The most important risk factors for AF
are age, male sex, hypertension, thyrotoxicosis, smoking, diabetes, left ven-
tricular (LV) hypertrophy, left atrial enlargement, valvular and coronary
heart disease, congestive heart failure, and stroke. In the Framingham Heart
Study, hypertension and diabetes were the sole cardiovascular risk factors to
be predictive of AF after controlling for age and other predisposing condi-
tions. The role of hypertension as risk factor for AF is established but still
incompletely known. In the Manitoba follow-up study, the prevalence of
hypertension was 53% and the risk of AF was 1.42 times higher in hyperten-
sive subjects than in normotensives [2]. Because of its high prevalence in the
population, hypertension independently accounts for more AF cases than
any other risk factor. However, despite its leading importance as a highly
prevalent and modifiable risk factor, few data are available regarding predic-
tors and outcome of AF in large populations of subjects with essential hyper-
tension free of coexisting valvular or coronary heart disease, congestive
heart failure, hyperthyroidism, or other predisposing conditions.
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Predictors and Outcome of Atrial Fibrillation

Among the general population, congestive heart failure and rheumatic heart
disease are the most powerful predictive precursors of AF, with relative risks
in excess of about six-fold [3–5]. Data from the Framingham Heart Study
suggest that another predictor of AF is hypertensive heart disease, which
usually is the most common antecedent disease, largely because of its fre-
quency in the general population [4]. Among the common risk factors for
cardiovascular disease, diabetes and ECG evidence of left ventricular hyper-
trophy (LVH) are related to the occurrence of AF [6].

Recently, an analysis of the PIUMA study (Progetto Ipertensione Umbria
Monitoraggio Ambulatoriale) identified some predictors and outcome of AF in
large populations of subjects with essential hypertension who were free of
coexisting valvular or coronary heart disease, congestive heart failure, or
hyperthyroidism at entry into the registry [7]. Overall, 2482 initially untreated
subjects in sinus rhythm were followed for up to 16 years. Age and LV mass at
echocardiography were the sole independent predictors of AF. Age, LV mass,
and left atrial diameter were independent predictors of chronic AF (Fig. 1).
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Fig. 1. Five-year age-adjusted risk of chronic atrial fibrillation in hypertension (data
from the PIUMA study) according to left atrial diameter and left ventricular mass



One of the fundamental clinical complications of AF is thromboembolic
stroke. In the PIUMA study, during a mean follow-up of 6 years an ischaemic
stroke occurred in 12.1% of hypertensive subjects with paroxysmal and 30% of
hypertensive subjects with chronic AF [7]. Notably, none of the subjects who
were receiving warfarin experienced stroke during the course of the follow-up.

These data underline the clinical usefulness of LV mass and atrial diame-
ter as detected by echocardiography to identify the subset of hypertensive
subjects who are at increased risk of developing AF and its chronicisation. In
agreement with data from randomised studies, the PIUMA results suggest a
more liberal use of warfarin for prevention of stroke in hypertensive subjects
with chronic and perhaps paroxysmal AF. Interestingly, recent evidence sug-
gests that anticoagulation with warfarin is the only therapy with a proven
efficacy in reducing mortality among patients with AF.

Furthermore, suppression of AF has not been shown to reduce the risk of
stroke in high-risk patients [8], and recent data suggest that only 50–60% of
the strokes in high-risk AF patients are cardioembolic when a high propor-
tion of the patients are anticoagulated with warfarin (unpublished data, D.
Sherman, 2004).

Atrial Fibrillation and Antihypertensive Treatment

The direct association between essential hypertension and AF suggests that
blood pressure lowering treatment might contribute to reducing the inci-
dence and complications of AF. A recent overview [8] described a hypotheti-
cal construct of the mechanisms whereby hypertension and vascular disease
may increase the risk of stroke in patients with AF. Briefly, hypertension,
LVH, and diastolic dysfunction may lead to atrial stretch and dilatation, with
atrial electric remodelling and increased probability of AF and left atrial
thrombus formation.

Figure 2 depicts some interrelationships in hypertension and the patho-
genesis of stroke in AF. In this setting, interference with the renin–angiotensin
system may be a novel approach to interrupt the vicious circle leading to AF.
Indeed, emerging data from randomised controlled studies are providing new
information about the prevention of AF in specific clinical contexts. For example,
in the TRACE [9] and SOLVD studies [10] treatment with ACE inhibitors sig-
nificantly reduced the incidence of AF in patients with left ventricular dys-
function.

87New Approach in the Prevention of Atrial Fibrillation: Role of Angiotensin II Antagonists



Angiotensin Receptor Blockers and Risk of Atrial Fibrillation

A relatively small study of 186 patients with paroxysmal AF showed that
those treated with amiodarone and an angiotensin receptor blocker (ARB)
had a lower 2-month recurrence rate and a longer time to first AF recurrence
than did those treated with amiodarone alone [11].

In the Losartan Intervention For End-point reduction (LIFE) study [12],
the hypothesis that the ARB losartan may be better than atenolol in reducing
the risk of new-onset AF in hypertensive patients with ECG-documented
LVH was tested. Briefly, 8804 patients with hypertension and ECG-docu-
mented LVH who did not have AF at enrolment were randomly assigned to
once-daily losartan-based or atenolol-based antihypertensive therapy and
followed for at least 4 (mean 4.9) years. During follow-up, new-onset AF
occurred in 179 patients given losartan (8.2 per 1000 person-years of follow-
up) and 252 patients treated with atenolol (11.7 per 1000 person-years of fol-
low-up) [relative risk 0.75 (95% CI 0.58 to 0.85), p < 0.001] (Fig. 3). After
adjustment for Framingham risk score and ECG LV mass by Sokolow-Lyon
and Cornell voltage duration criteria, the relative risk of new-onset AF was
0.72 (95% CI 0.59 to 0.89; p < 0.001). An identical relative (0.72; 95% CI 0.59
to 0.89; p = 0.003) was found after adjustment for all potential predictors
(age, male gender, potassium, creatinine, and log UACR). It remains to be
clarified to what extent the reduction in the risk of stroke provided by losar-
tan is mediated by prevention of AF.
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Fig. 2. Relationships between hypertension, pathogenesis of stroke, and atrial fibrillation
(data from [8])



Conclusions

Although lowering the blood pressure stands out as the fundamental mecha-
nism for preventing any complication of hypertension, recent data suggest
that ARBs might play an important and perhaps independent contribution in
the prevention of AF. By inhibiting the effects of angiotensin II, ARBs reduce
both blood pressure and myocardial fibrosis, with important potential impli-
cations for atrial and ventricular electric remodelling and atrial pressure and
stretch. The LIFE study has shown the beneficial effect of losartan in reduc-
ing the risk of AF in hypertensive subjects in sinus rhythm. Further studies
should clarify to what extent this effect applies to other ARBs.
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Role of Echocardiography in the Management of Atrial
Fibrillation Patients

F. ANTONINI-CANTERIN, G. ALLOCCA, D. RIVABEN, R. KORCOVA-MIERTUSOVA, R. PIAZZA,
M. BRIEDA, E. HROVATIN, E. DAMETTO, F. ZARDO, G.L. NICOLOSI

Atrial fibrillation (AF) is the most common arrhythmia in adults, with a
prevalence that increases from less than 1% in subjects aged below 60 years
to more than 9% in those over 80 years old [1]. In recent years new and
potentially curative therapeutic approaches have been developed [1]. Today,
the role of echocardiography is very important in the assessment of the mor-
phology and functionality of cardiac structures, risk stratification, and in
guiding the management of AF. The guidelines consider two-dimensional
transthoracic echocardiography (TTE) to be essential for the routine evalua-
tion of patients with AF [2]. TTE should be performed in all AF patients to
determine left atrial (LA) and left ventricular (LV) dimensions and LV wall
thickness and function, and to recognise important underlying pathological
conditions. TTE allows the identification of a possible aetiology of the FA,
and the exclusion of occult valvular (particularly rheumatic mitral stenosis),
myocardial, or pericardial disease. Lone AF, especially in young subjects, sug-
gests a triggered mechanism that may be amenable to radiofrequency abla-
tion. Abnormal myocardial LV relaxation is detectable from tissue Doppler
imaging on the basis of reduced early diastolic mitral annular velocity or a
reduced velocity of early mitral flow propagation [3].

The LA dimensions correlate with the probability of successful cardiover-
sion and sinus rhythm maintenance. The anteroposterior LA dimension is
usually calculated in the two-dimensional short axis view from M-mode
imaging, while LA area or volume can be easily measured in four-chamber
and two-chamber views from the apical approach. When the anteroposterior
diameter of the left atrium is more than 45 mm, the likelihood of success in
the maintenance of sinus rhythm after cardioversion is generally poor. It has

Unità Operativa di Cardiologia-ARC, A.O. S. Maria degli Angeli, Pordenone, Italy



been suggested that LA volume measurement could be a stronger predictor
of AF than LA dimension alone [4]. In the Stroke Prevention in Atrial
Fibrillation (SPAF) III study, LA function and size on TTE were independent
predictors of thromboembolism [5]. Furthermore, transoesophageal
echocardiography (TEE) maintains an important role in identifying appro-
priate candidates for antithrombotic therapy and in guiding decisions
regarding antiarrhythmic therapy. To evaluate the recovery of LA mechanical
function after successful cardioversion, it is very important to detect the
presence of LA stunning. Peak pulsed Doppler velocity of mitral inflow in
late diastole produced by the atrial contraction wave (a-wave) was the initial
parameter used to evaluate the LA function. An a-wave velocity above 50
cm/s is considered suggestive of atrial mechanical dysfunction. The mitral
annular late diastolic velocity from tissue Doppler imaging can also be used
as surrogate of LA function [6].

One of the most relevant sequelae of AF is its associations with throm-
boembolic disease and stroke. About 90% of LA thrombi are located in the
left atrial appendage (LAA), and the TEE is the modality of choice for detect-
ing LAA thrombi. Modern multiplanar TEE can detect thrombi with a sensi-
tivity and specificity of around 95–100% [7, 8]. The search for cardiac
sources of embolism is currently the leading indication for a TEE study in
many centres (about 40% of the indications) [9]. The SPAF III study identi-
fied ‘high risk’ AF patients by TEE predictors of embolic events. These fac-
tors included: the presence of LAA thrombi, LAA flow velocities below 20
cm/s, spontaneous echo contrast (smoke), ‘LAA sludge’, and complex aortic
atheroma [5]. LAA emptying velocities can be assessed by TEE using pulsed
wave Doppler imaging with the sample volume placed about 1 cm into the
appendage itself. LAA smoke, identified as swirling echo density in the LAA
and LA, is a marker of blood stasis that is associated with later development
of LAA thrombus and with systemic embolisation. LAA sludge is a particu-
lar, ‘viscid’ but not solid echodensity, and it represents a further stage along
the continuum towards thrombus formation with a greater prognostic value
than smoke. With the combination of a LA abnormalities and complex aortic
atheromas among patients in AF (not on therapeutic warfarin doses), the
annual incidence of embolic events was 20.8% as compared to 1.4% in
absence of abnormal findings, while LAA emptying velocities above 40 cm/s
predict a greater likelihood of sustained sinus rhythm 1 year after cardiover-
sion [10].

In patients undergoing the pulmonary vein isolated procedure for AF
ablation it is particularly important to perform TEE because it allows a more
accurate assessment of systolic, diastolic, and atrial reversal flow velocities in
pulmonary veins and can guide the catheter position [11].
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Three-dimensional echocardiographic reconstruction enables excellent
visualisation of LAA anatomy, dimensions, and function, with a high degree
of accuracy in identifying a multilobed LAA (54% 3D vs 40% 2D ), but there
are no differences between two- and three-dimensional reconstruction in the
detection of thrombi [12].

Atrial flutter has traditionally been considered an organised arrhythmia
carrying a low or no risk of thromboembolic events [13, 14]. More recently,
however, several studies have shown that atrial thrombi (prevalence of
4–27%) and atrial spontaneous echo contrast (prevalence of 8–34%) may be
detected during TEE in patients with atrial flutter. The FLutter Atriale
Società Italiana di Ecocardiografia Cardiovascolare (FLASIEC) multicentre
study found that the prevalence of thrombi in LAA is 1–6% and that of LA
spontaneous echo contrast is 13% [15]. The results of this study confirm the
finding that atrial flutter may be associated with atrial thrombi, although in
a smaller percentage of patients than in those with AF. Furthermore, in
patients with atrial flutter, reversion to sinus rhythm may lead to throm-
boembolic complications, despite preliminary TEE results that are negative
for thrombi, and this might be due to post-cardioversion atrial stunning.

Electrical cardioversion (EC) of patients with AF to sinus rhythm is fre-
quently performed in symptomatic patients with elevated bleeding risk. In
these patients EC offers the opportunity to relieve symptoms, improve car-
diac performance rapidly, and possibly reduce cardioembolic risks and
bleeding complications caused by prolonged anticoagulation. However, the
EC procedure itself has an inherent risk of stroke due to possible embolisa-
tion of pre-existing thrombi in the LAA. In the ‘conventional’ approach, to
avoid thromboembolic events, stable patients with AF of more than 48 h or
of unknown origin must achieve a therapeutic anticoagulation range for at
least 3 weeks prior to the procedure [2]. There are many disadvantages in
this conventional approach. The 3-week period of anticoagulation prior to
EC is based essentially on the theoretical assumption of thrombus stabilisa-
tion, but this interval is substantially empirical. In addition, with the conven-
tional approach, extension of the interval until EC is attempted may reduce
the initial success rate (about 86% of subjects) and the possibility of mainte-
nance of sinus rhythm (about 50% at 1 year). Thus, conventional manage-
ment necessitates a delay in the return of atrial function and increases the
risk of post-cardioversion thrombus formation. The prolonged period of
anticoagulation required by the conventional approach, which in routine
clinical practice is often more than 6 weeks to reach a stable therapeutic INR
level, can increase the risk of bleeding. The TTE-guided approach to EC with
short-term anticoagulation offers some potential advantages over the con-
ventional approach. TEE facilitates early EC without the need for prolonged
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anticoagulation in low risk patients and in those in whom the risk of bleed-
ing is high. TEE identifies also high risk patients with LA thrombosis in
whom EC should not be performed. TEE should be used to confirm throm-
bus resolution before EC is carried out in patients with previously docu-
mented thrombus. After 7 weeks of anticoagulation, up to 80% of LA throm-
bi are usually resolved. Finally, it has been postulated that earlier EC may
increase the likelihood of successful return to and the maintenance of sinus
rhythm [16].

The Assessment of Cardioversion Using Transoesophageal
Echocardiography (ACUTE) multicentre study compared a TEE-guided
strategy with short-term anticoagulation with the conventional anticoagula-
tion approach [17]. There was no difference in the composite end-point of
stroke, transient ischaemic attack, and peripheral embolism between the
TEE-guided arm and the conventional arm (0.81% vs 0.50%; p = 0.50).
However, there was a significant difference in the composite end-point of
major and minor bleeding between the TEE-guided arm and the convention-
al arm (2.9% vs 5.5%; p = 0.02). There was no significant difference between
the two arms in the 8-week maintenance of normal sinus rhythm, cardiac
deaths, or cardioversion-related deaths. The results of this randomised study
suggested that the TEE-guided approach with short-term anticoagulation
may be considered as a clinical alternative to the conventional approach
[17]. In combination with low-molecular-weight heparin, TEE-guided car-
dioversion may be considered a safe and clinically effective alternative to the
conventional treatment strategy for the patients with AF, as recently demon-
strated in the Anticoagulant in Cardioversion using Enoxaparin (ACE) trial
[18]. Currently, the ACUTE II trial, a randomised study, is in progress evalu-
ating the use of low-molecular-weight heparin in comparison with intra-
venous heparin as a bridge therapy to warfarin [19].

However, the decision to use one approach or the other is based on the
individual characteristics of the patient, the experience of the physician and
the centre, and the accessibility of the technique. These factors should be
taken into consideration in choosing the best approach: (1) a severity of
symptoms and haemodynamic effect of AF that require immediate EC; (2)
level and chronicity of anticoagulation; (3) risk of bleeding; and (4) risk and
likelihood of left atrial thrombi and risk of recurrence of AF, which require
prolonged anticoagulation [16].

Intracardiac echocardiography (ICE) has been recently introduced in this
setting. It is performed with a 6- to 12-MHz transducer placed into the right
atrium via a 6–8F sheath in the right femoral vein. A high resolution multiple
frequency transducer allows tissue penetration enhancement, thus allowing
depth control. The ultrasound probes offer the same modalities as TEE,
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including colour, pulsed wave, and continuous wave Doppler, to allow assess-
ment of the intracardiac flow. ICE has been used successfully to guide
catheters during radiofrequency catheter ablation (RFCA) of the pulmonary
veins or to visualise their ostia and to monitor the occurrence of acute pul-
monary vein stenosis after RFCA at the site of the pulmonary veins, as well
as, more recently, for percutaneous closure of the LAA [20, 21]. Continuous
imaging with ICE can be performed during RFCA by the operator, and it
facilitates trans-septal puncture and guides placement and optimal tissue
contact of mapping and ablation catheters. In addition, it allows identifica-
tion of LA thrombi before the procedure. ICE also facilitates instant detec-
tion of important potential complications such as pericardial effusion or
tamponade, and may reduce the frequency of these complications. In up to
40% of patients an asymptomatic increase of peak systolic flow velocities in
the pulmonary veins has been observed after RFCA. Progression to pul-
monary vein stenosis after ablation is rare; more commonly, the degree of
narrowing remains stable or even improves. Many patients with severe nar-
rowing or complete occlusion of a single pulmonary vein are asymptomatic.
Using TEE, the pulmonary vein ostia can be easily visualised for the evidence
and assessment of stenosis [20, 21].

Percutaneous closure of the LAA is a new approach. It was initially per-
formed in an early clinical experience with insertion of the device into the
LAA, which was facilitated by ICE, allowing optimal positioning of the device
itself [22]. The surgical Maze III procedure (excision or ligation of LAA, iso-
lation of the pulmonary veins) abolishes AF in a significant number of
patients. Intraoperative TEE can play a major role, with assessment of the
efficacy of ligation by Doppler imaging [23].

In conclusion, echocardiography is a unique and very important tech-
nique in the management of AF patients, allowing a non-invasive and easily
repeatable evaluation of cardiac anatomy and function. In addition, the TEE
approach allows reliable exclusion of the presence of LA thrombosis, guiding
the best clinical management of AF patients in different stages of the disease.
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Pharmacological Prevention of Arrhythmic Recurrences

G. CHIARANDÀ1, M.L. CAVARRA1, C.L. ROMEO1, M. CHIARANDÀ1, T. REGOLO2

Atrial fibrillation (AF) is the most common cardiac arrhythmia in the gener-
al population, with a prevalence ranging from 0.5% to 9% between the ages
of 50 and 80 years. Literature data [1] suggest that the incidence of this
arrhythmia increases dramatically in patients with heart failure. AF can
cause a rise in morbidity and mortality due to the loss of atrial function and
the consequent decrease in heart performance and increase in embolic risk
Moreover, a persistently elevated ventricular rate during AF can produce
dilated ventricular cardiomyopathy. For these reasons, recovery and mainte-
nance of sinus rhythm is one of main objectives of treatment.

A series of anti-arrhythmic agents have been demonstrated to be highly
effective in terminating recent-onset AF; however, the results obtained in
preventing recurrences are scanty [2, 3]. The anti-arrhythmic agents most
used in Europe are class IA disopyramide and quinidine, class IC flecainide
and propafenone, and class III amiodarone and sotalol. Table 1 summarises
reported data from the literature.

The percentage of patients who maintain sinus rhythm without arrhyth-
mia recurrence under placebo treatment is around 30% after 6 months and
25% after 12 months. Anti-arrhythmic agents can may increase the percent-
age of patients in sinus rhythm, but the overall efficacy is limited. No more
than 50% of treated patients are free from arrhythmia recurrences after 12
months; only for amiodarone do the efficacy rates range from 50% to 73% at
12 months. Of course, the final result may be influenced by the selection of
the patient population, the types of AF, and the way in which anti-arrhyth-
mic agents are begun.

1Coronary Care Unit, Muscatello Hospital, Augusta (Syracuse); 2Coronary Care Unit,
Ferrarotto University Hospital, Catania, Italy 



We should consider an increase in time to first recurrence or time in
sinus rhythm as a good primary result in order to ameliorate the possible
haemodynamic complications of AF. Many variables affect the maintenance
of sinus rhythm and the efficacy or not of the anti-arrhythmia therapy:
- Duration of the arrhythmia (from the literature there appears a cut-off at

between 6 months and 2 years)
- Left atrial size (from >45 mm to > 60 mm) (this variable is not yet

accepted by everybody because the atrial enlargement could be a conse-
quence rather than the cause of the arrhythmia)

- Early recurrence of the arrhythmia
- The presence of a severe valvular rheumatic disease
- Advanced NYHA functional class
- The presence of a cardiopathy (for example, a hypertensive cardiopathy)
- Advanced age
- Doppler echocardiographic index [A wave peak and integral

velocity/time soon after electrical cardioversion (ECV), fibrillation wave
peak during auricular filling and emptying before ECV; early left auricu-
lar end-diastolic or diastolic length] [4, 5].

Class I Anti-arrhythmic Agents

Class I anti-arrhythmic drugs have been shown to be superior to placebo, but
there are contrasting data because they were often tested in small studies
involving patients with different clinical features. On the whole, they are effec-
tive in preventing AF recurrences in about 40–50% of patients after 12 months.
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Table 1. Drugs for prevention of atrial fibrillation recurrence: success in sinus rhythm
maintenance following cardioversion of atrial fibrillation

Drugs Sinus rhythm
At 1 month At 3 months At 6 months At 12 months 

(%) (%) (%) (%)

Placebo 58 15–56 19–35 0–43

Quinidine 65 44–75 27–58 23–51

Disopyramide – 72 45–50 55

Propafenone 54 44 40 –

Flecainide – 44 – 34–42

Dofetilide – 58–44 51–71 40–66

Sotalol – 49–50 46–50 37–46

Amiodarone – – 75–78.5 50–73



Quinidine is effective in maintaining sinus rhythm (Table 1). However,
its use is limited by the demonstrated high risk for torsades de pointes and
the mortality rate (total mortality at 1 year with quinidine 2.9% vs. control
group 0.8%) [6].

Two placebo-controlled studies supported the efficacy of flecainide in
increasing time to first AF recurrence and reducing AF burden [7, 8]. Other
randomised studies evidenced comparable efficacy to that of quinidine, cou-
pled with fewer side effects [9, 10]. Flecainide (200 mg daily) was shown to
be effective in postponing the first recurrence of AF, and superior to long-
acting quinidine (1100 mg daily) without the occurrence of severe side
effects or pro-arrhythmia [11].

Compared with placebo, propafenone also increased the overall time free
from AF and the interval to first recurrence [6, 12]. In an open-label ran-
domised study involving 100 patients with AF, propafenone and sotalol were
similar in preventing AF episodes (30% vs 37%, respectively) [13].

Class IC drugs may be initiated out of hospital: in a selected risk-strati-
fied population with recurrent AF, ‘pill in the pocket’ treatment is feasible
and safe, with a high rate of patient compliance and low adverse event rate,
and markedly reduces hospital admissions [14].

Class III Anti-arrhythmic Agents

Amiodarone and sotalol are the most frequently used class III drugs for
maintaining sinus rhythm in patients with AF [15].

The efficacy of sotalol seems to be similar to that of class I drugs. The
ventricular rate during AF recurrences is attenuated and the haemodynamic
pattern of AF recurrences is better after sotalol treatment than without. The
likelihood of remaining in sinus rhythm is higher in younger patients, with a
smaller left atrial size and without concomitant heart disease. Patients treat-
ed with sotalol must initially be monitored with ECG (for 3 days) in hospital
because of the potential pro-arrhythmic effect.

Amiodarone is the most effective anti-arrhythmic agent. A large ran-
domised trial (CTAF) compared the effects of low-dose of amiodarone (200
mg daily) with conventional therapy (propafenone and sotalol) in mainte-
nance of sinus rhythm during a follow-up of 1 year: 70% of patients assigned
to amiodarone had no recurrence of AF and the amiodarone was superior to
class I drugs [16].

In the randomised CHF-STAT trial amiodarone was used in order to eval-
uate its effects on mortality in patients with heart failure. The drug showed a
significant potential to convert AF to sinus rhythm, and prevented the devel-
opment of new-onset AF [6].
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In a cohort of post-cardioversion patients the group treated with amio-
darone showed a significantly lower incidence of AF relapses in comparison
with quinidine and was coupled with fewer side effects [17].

The efficacy of amiodarone for maintenance of sinus rhythm has been
supported by many studies, but the relatively high incidence of side effects
[18] justifies its common use as a second-line or last-resort option, with the
important exception of heart failure.

Other Drugs

Dofetilide, a new anti-arrhythmic agent approved for use in the USA but not
in Europe, is effective in preventing AF and atrial flutter. Two large-scale and
double-blind randomised studies have supported its efficacy: the SAFIRE-D
and EMERALD studies [19, 20]. Sixty-six of patients in the SAFIRE and 71%
of patients in the EMERALD study were free from AF relapses, compared
with 21–25% in the placebo group and 60% in the sotalol group.

Beta-blockers are generally not included among the anti-arrhythmic
agents; however, metoprolol has demonstrated a good rate of maintaining
persistent sinus rhythm as compared with placebo (51% vs 40%; P < 0.05)
and can be considered in some clinical situations, especially in the postoper-
ative protocols of myocardial revascularisation for patients with no con-
traindications for its use [21, 22].

Dronedarone shares the electrophysiological properties of amiodarone:
at 800 mg daily dose, it appears to be effective and safe for the prevention of
AF relapses after cardioversion [23]. The absence of thyroid side effects and
of pro-arrhythmia are important feature of the drug, but further studies are
needed.

Role of Pharmacological Pre-treatment in Reducing AF Recurrences

The most relevant clinical problem after successful cardioversion is the risk
of recurrences resulting from fibrillation-induced electrical remodelling of
the atrium. The recurrences may occur acutely in the very early phase (min-
utes), or in the subacute phase, or they may be early recurrences (from 24–48
h to 7–14 days), or, in the weeks to months range, they may be late. The effi-
cacy of pre-treatment with class I and III anti-arrhythmic drugs in prevent-
ing acute and subacute AF recurrences has been reported [24, 25].

Recently the role of the verapamil alone or combined with another anti-
arrhythmic drugs has been investigated. The VERAF study clearly demon-
strated that verapamil alone, in patients who were not taking anti-arrhyth-
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mic agents at the time of cardioversion, is highly effective in reducing very
early and early recurrences of AF after successful cardioversion, but is inef-
fective in the long run [26]. The VEPARAF study suggested that oral vera-
pamil administration, combined with a class IC or III anti-arrhythmic drug,
is effective in reducing both primary and secondary recurrences after car-
dioversion [27].

Angiotensin Antagonist Receptors

A recent study has shown that irbesartan combined with amiodarone was
more effective than amiodarone alone in the prevention of AF recurrences
after ECV [28]. In our experience, candesartan combined with class IC drugs
has reduced the numbers of relapses and the time to first relapse of AF after
effective ECV [29].

Pro-arrhythmic Effects

Today there is major concern over the risk of potentially fatal ventricular
pro-arrhythmic effects caused by drugs employed for a relatively benign
arrhythmia such as AF.

Sotalol may cause torsades de pointes, but the risk is dose-dependent (1%
for dosage between 160 and 240 mg daily and 4–5% for a dosage higher than
480 mg daily), and torsades de pointes may be precipitated by
hypokalaemia, bradycardia, reduced creatinine clearance, and other drugs
inducing CT prolongation.

The prevalence of torsades de pointes is lower with amiodarone (less
than 1% despite frequently marked QT prolongations). However, the use of
amiodarone is limited by other side effects (skin discoloration 4.5%, pul-
monary fibrosis 3.6%, thyroid abnormalities 2.7%). The mortality rate asso-
ciated with amiodarone treatment is around 0.6%, comparable to that of
control patients.

Class IC drugs have a marked effect on conduction velocity and may
organise and slow the rate of AF, converting it into atrial flutter. The pro-
arrhythmic effect is favoured by adrenergic stimulation and has been report-
ed in 3–5% of patients treated with flecainide or propafenone; patients with
significant left ventricular dysfunction are potentially at higher risk.

Some categories of patients are at higher risk of pro-arrhythmia: those
with previous myocardial infarction, overt or previous congestive heart fail-
ure, significant left ventricular dysfunction, previous conduction disease, or
electrolyte impairment, or those of advanced age.
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Choice of Anti-arrhythmic Drugs

The choice of one anti-arrhythmic drug rather than another one depends on
the risk/benefit ratio relating to specific aspects: (a) underlying cardiopathy
and degree of left ventricular systolic dysfunction; (b) pharmacokinetics, phar-
macodynamics, electrophysiological characteristics, and mode of action; (c)
possible haemodynamic effects; (d) pro-arrhythmic risks and side effects.

In general, in patients with no or minimal structural heart disease, class
IC drugs or sotalol appear to be the first-line choice.

In patients with hypertension with no or minimal left ventricular hyper-
trophy, or in patients with a high resting sinus rate, or with adrenergically
mediated AF, sotalol or other beta-blockers could represent the first-line
choice. In patients with severe left ventricular hypertrophy or valvular heart
disease the first-line choice is amiodarone.

In the presence of ischaemic heart disease, or left ventricular dysfunc-
tion, in patients with very frequent AF recurrences or large right or left atria,
or with a long history of AF, amiodarone is the anti-arrhythmic drug of
choice. In patients with vagally mediated AF, the use of drugs with vagolytic
action such flecainide or disopyramide is suggested.

Finally, in some clinical situations there is no indication for any anti-
arrhythmic drug: (a) after the first episode, unless there is significant
haemodynamic impairment; (b) when AF is well-tolerated, short-lasting, and
self-limited; (c) when AF occurs during acute myocardial infarction or other
acute conditions; (d) when AF occurs just after cardiac surgery, unless there
is a history of previous AF attacks.
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Timing and Typology of Cardio-Embolic Prevention in Patients
with Atrial Fibrillation

G. DI PASQUALE, G. CASELLA, P.C. PAVESI

Atrial fibrillation (AF) is the most common cardiac arrhythmia detected by
physicians, and its prevalence is projected to rise dramatically as the popula-
tion ages [1]. In fact, the estimate of AF in Italy is about 500 000 subjects,
with an incidence of 60 000 new cases per year. Furthermore, the real preva-
lence of AF is difficult to establish, because arrhythmia is often silent or
paroxysmal, and even in patients with symptomatic paroxysmal AF, asymp-
tomatic episodes are at least ten times more frequent than symptomatic
ones. This high prevalence of AF places an increasing strain on healthcare
resources needed to treat this disease and its complications, the most serious
of them being ischaemic stroke. At least 15% of strokes are due to AF and
this kind of arrhythmia accounts for almost half of all cardio-embolic
strokes [2]. Several randomised clinical trials suggest that the yearly inci-
dence of stroke for patients with non valvular AF is almost 4.5%, half of the
strokes being disabling [3]. Interestingly, this risk is age-related, ranging
from 1.5% in the younger ages (50-59 years) up to 23.5% in patients older
than 80 years, according to the Framingham data [2]. Moreover, even in the
absence of stroke, AF can lead to cognitive deficits, probably related to silent
cerebral infarcts. Finally, today there is a clear evidence of which patients
may be recognised as at risk for stroke, and well-defined factors separate a
subset of subjects with a 8-10% yearly incidence of stroke from a moderate-
to-low risk group (Table 1) [3].
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Oral Anticoagulation Therapy

During the last decades, several different treatments or strategies to prevent
embolic complications in AF have been investigated. At present, oral antico-
agulation therapy (OAT) is considered the gold standard, since several ran-
domised clinical trials clearly demonstrated that the drug can reduce the rel-
ative risk of stroke by about 62% [3, 4]. Conversely, aspirin may reduce that
risk only by 22% as compared to placebo [3]. Therefore, current guidelines
recommend OAT for patients with AF at high risk for stroke and aspirin for
low risk subjects, while in medium-risk subjects, treatment should be chosen
on an individual basis [3, 5]. Despite this evidence, less than half of patients
with AF eligible to OAT actually receive it, with the elderly patients the least
likely [6]. Several factors may be involved in this under-use, the most note-
worthy being the fear of bleeding [3, 6]. However, the management of OAT
needs careful and regular monitoring of the international normalised ratio
(INR) to maintain its values within the narrow therapeutic range (2.0-3.0)
most of the time and precise adjustments of the daily dose. Unfortunately,
many factors, such as interactions with different drugs or diseases, changes
in dietary habits, poor patient or physician compliance, may influence the
stability of the INR. Furthermore, other factors may increase the OAT-related
risk of bleeding. These include advanced age, OAT intensity, recent initiation
of this therapy, patients’ own characteristics and compliance to OAT, as well
as the administration of other interacting drugs.
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Table 1. Risk factors for stroke in atrial fibrillation

High risk Moderate risk

Prior stroke/Transient ischaemic attack Age 65-75

Systemic embolus Diabetes mellitus

(History of) hypertension Coronary artery disease with 
preserved left ventricular 
systolic function

Poor left ventricular systolic function

Age > 75 year

Rheumatic mitral valve disease

Prosthetic heart valve



The relationship between advanced age and OAT-associated bleeding is of
particular concern, since the elderly have the highest risk of stroke; there-
fore, they would benefit most from an effective preventive therapy. The
prospective Italian ISCOAT study evaluated the frequency of bleeding com-
plicat ions in AF outpat ients treated w ith OAT according to an
Anticoagulation Clinic model [7]. In this study, the rate of fatal, major and
minor bleeding events was quite low (0.25, 1.1, and 6.2 per 100 patients-years
of follow-up, respectively), but significantly higher in older patients or dur-
ing the first 90 days from the beginning of OAT. Furthermore, a clear correla-
tion between OAT intensity and risk of bleeding was observed. In fact, in the
ISCOAT study patients over 75 years had an increased risk of bleeding when
INR was above 3.0, and this risk became enormous for INR values above 4.5
[7]. On the other hand, about 20% of all bleedings occurred when the INR
was below 2.0, indicating that sub-therapeutic INR values neither protect
against bleedings nor prevent embolisms.

Furthermore, multiple drug therapies are quite common in elderly AF
patients, and this increases the risk of adverse drug interactions with OAT. In
a recent large study in patients treated with OAT for nonvalvular AF, subjects
receiving more than 3 drugs had a 6-fold higher risk of bleeding or embolic
complications as compared with patients receiving less than 3 drugs (24.4%
per 100 patient-years versus 4.3%) [8].

All these limitations could partially explain why, even in the third millen-
nium, not enough patients with AF at risk of stroke receive OAT, and the
patients with the highest risk are the ones who receive it least [6].

The Seventh ACCP Consensus Conference on Antithrombotic Therapy
deeply discussed this issue and recommended that the quality of care for
OAT should be considered a key point and should be significantly improved
in the real world [3]. These guidelines encourage clinicians to adopt a sys-
tematic and comprehensive system of care to improve the quality of OAT.
According to this, patients treated with OAT should expect a well-informed
provider, reliable monitoring devices and healthcare resources, an effective
follow-up and careful education [9]. All these key points are effectively
accomplished by a coordinated healthcare system, like the one provided by
an Anticoagulation Clinic. Several studies had already demonstrated that
such clinics are more effective than usual care in managing OAT, allow better
results and consequently reduce the incidence of adverse events [10]. Even in
our experience, where more than 800 patients with nonvalvular AF are man-
aged every year according to an ‘Anticoagulation Clinic’ model (a comput-
erised system to manage OAT, two specialised nurses and a referring physi-
cian), INR values fell within the therapeutic range in more than 70% of mea-
surements with a low incidence of values above 3 (less than 13%).
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New Antithrombotic Agents

To overcome the above limitations of OAT, several potential pharmacological
or device-based alternatives have been investigated or are currently under
evaluation (Table 2) [11]. In particular, fixed mini-doses of warfarin or the
low-intensity anticoagulation regimen (INR 1.5-2.5) failed to meet expecta-
tions.

At present, the most promising strategies address new antithrombotic
agents, more specific and stable than warfarin. The association between
aspirin and clopidogrel looks very promising and is currently compared to
dose-adjusted warfarin in the ongoing ACTIVE trial. Idraparinux, a pen-
tasaccharides agent, has a favourable pharmacokinetic profile and is suitable
for once-a-week, subcutaneous administration. The ongoing randomised
AMADEUS trial compares idraparinux once-a-week to dose-adjusted OAT
(INR 2-3) for stroke prevention in AF patients. Perhaps, the most practical
and important alternative strategy for stroke prevention in AF patients
involves direct thrombin inhibitors, like ximelagatran. This drug has a very
favourable and stable pharmacokinetics and does not require coagulation
monitoring [12]. Ximelagatran has been deeply investigated in the SPORTIF
programme, a large series of different studies evaluating short- and long-
term safety and efficacy of ximelagatran in patients with nonvalvular AF.
The most important of these studies are the SPORTIF-III and SPORTIF-V,
which enrolled patients with nonvalvular AF and risk factors for stroke to 36
mg ximelagatran or dose-adjusted warfarin (INR 2.0-3.0).

In the SPORTIF-III trial, an open-label, multicentre international study
enrolling a medium-to-high risk population, ximelagatran reduced the inci-
dence of stroke and systemic embolism by 29% at intention to treat analysis
[13]. However, when only treated patients were evaluated, ximelagatran
demonstrated a significant 43% reduction in the primary end point.
Interestingly, there were no differences in relation to intracranial haemor-
rhages or major bleeding between the two drugs, whereas patients treated
with ximelagatran demonstrated less incidence of major and minor bleed-
ings when taken together. Notably, the quality of OAT was remarkable
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Table 2. New strategies for stroke prevention in atrial fibrillation

Other antiplatelet agents Indobufen (SIFA II)
Clopidogrel plus aspirin (ACTIVE)

Synthetic pentasaccharide Idraparinux (AMADEUS)

Direct thrombin inhibitors Ximelagatran (SPORTIF Studies)

Device-based alternatives PLAATO, Amplatzer occluder



throughout the study. The mean INR was 2.5, and INR values fell within the
therapeutic range for 66% of the entire duration of exposure, a rate much
better than that observed in previous studies or experienced in clinical prac-
tice.

The SPORTIF-V trial [14] included 3922 patients at moderate-to-high
risk of stroke, and compared a 36 mg ximelagatran dose with dose-adjusted
warfarin. Like the SPORTIF-III, the SPORTIF-V study was a non-inferiority
trial and met its primary objective by demonstrating an incidence of stroke
and other thrombo-embolic complications in the ximelagatran arm similar
to that observed in patients treated with dose-adjusted warfarin. As already
observed in SPORTIF-III, the quality of anticoagulation was excellent in
SPORTIF-V also, and this could partially explain the lower-than-expected
event rate of subjects treated with warfarin (1.2% per year). In the SPORTIF-
V study, rates of intracranial haemorrhage were low with either treatment,
neither was there a significant difference between the two groups in rates of
major bleeding. When minor and major events were pooled, however,
patients randomised to ximelagatran had significantly less bleeding then
those given warfarin. The similar design of the two studies allowed their
analysis to be combined, and taken together, the two trials showed that the
effect of ximelagatran on prevention of stroke and systemic embolism was
similar to warfarin (Table 3) [15]. However, in SPORTIF-V there was a 6%
incidence of elevation of the alanine aminotransferase (ALT) levels to > 3
times the upper limit of normal. Similar elevation of ALT levels has been
observed in all the previous ximelagatran trials. However, such elevations in
ALT levels seem to be limited to the first 6 months of therapy, and reverse
toward normal over time whether or not the drug was stopped.
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Table 3. SPORTIF III/V: combined analysis. Modified from [15]

Events Warfarin Ximelagatran P

Primary events 1.7 1.6 0.941
(stroke and systemic embolism)
(%/yr)

Secondary events 
(%/yr) 3.3 2.8 0.625

Major bleeding 
(%/yr) 2.5 1.9 0.054

Combined major 39 32 < 0.0001
plus minor bleeding 
(%/yr)



New Device-Based Alternatives

Other potential device-based alternatives for stroke prevention in AF
patients who are not candidates for OAT are under investigation. The most
promising is the occlusion of the left atrial appendage (LAA), the most rele-
vant source of embolism in patients with AF. This occlusion is accomplished
by means of an implant, called the Percutaneous Left Atrial Appendage
Transcatheter Occlusion (PLAATO) device, which is placed into the LAA to
seal the LAA ostium so that cardiac emboli cannot migrate. The PLAATO,
which consists of a self-expanding metal cage covered with a plastic mem-
brane, is delivered percutaneously using a trans-septal approach.
Preliminary clinical experiences with the PLAATO system are very
favourable, with a high success rate and few device-related complications
[16, 17]. Future studies are needed to assess long-term results.

Rhythm Control

The hypothesis that the persistence of sinus rhythm in patients with AF
could effectively prevent embolic events was a secondary end point of sever-
al randomised trials comparing the two strategies of ‘rate control’ and
‘rhythm control’.

In the AFFIRM trial [18], the study protocol allowed in the ‘rhythm con-
trol’ arm to discontinue OAT after sinus rhythm had been achieved and
maintained for at least one month. Therefore, at an average 3.5 year follow-
up, 85-90% of patients in the ‘rate control’ group were still being treated with
OAT as compared to 70% of subjects in the ‘rhythm control’ arm. INR values
below 2.0 were detected in 33% of patients in the ‘rate control’ arm and in
58% of those in the ‘rhythm control’ arm, respectively. At follow-up, 60% of
patients in the ‘rhy thm control’ arm were in sinus rhy thm. Notably,
ischaemic stroke occurred in 5.7% of patients enrolled in the ‘rate control’
arm as compared to 7.3% of subjects of the ‘rhythm control’ group. Likewise,
in the RACE trial [19] in which the protocol allowed discontinuation of OAT
in patients in whom sinus rhythm had been achieved and maintained for at
least one month, patients in the ‘rhythm control’ group experienced more
thrombo-embolic complications (7.5%) than those in the ‘rate control’ group
(5.5%).

In addition, a meta-analysis of four studies comparing a ‘rate control’
with a ‘rhythm control’ strategy (AFFIRM, RACE, STAF, and PIAF), including
5034 patients with non valvular AF, demonstrates an unfavourable odds ratio
of 1.36 (95% CI 1.03 - 1.78 ; p = 0.04) for ischaemic stroke with the ‘rhythm
control’ strategy as compared to the ‘rate control’ policy [20]. The cumulative
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results of these studies clearly indicate that a strategy of vigorous ‘rhythm
control’ by means of cardioversion and antiarrhythmic prophylaxis is not
guarantee against thrombo-embolism. Only a policy of high-quality OAT,
even after restoration of sinus rhythm, could effectively prevent embolic
complications in most patients with AF at medium-to-high risk.

Conclusions

OAT currently represents the most effective therapy for cardio-embolic pre-
vention in patients with non-valvular AF at moderate-to-high risk.
Antiplatelet therapy may represent an alternative for low-risk patients or
patients who are poor candidates for OAT, due to a high risk of bleeding or
limited compliance. The hope for the future is the development of newer
alternatives to OAT with a more convenient pharmacological profile, less risk
of bleeding and easier management [21]. At present, oral direct thrombin
inhibitors seem the most promising alternatives, but further studies are
needed to confirm their safety.
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Non-Electric Treatment of Atrial Fibrillation: When Not to
Treat?

R.F.E. PEDRETTI

Atrial fibrillation (AF) is the most common sustained dysrhythmia in clini-
cal practice. Atrial fibrillation can be divided into three categories: paroxys-
mal, persistent, and permanent. Paroxysmal AF is AF that has occurred and
resolves, then recurs. Persistent AF is AF that does not resolve spontaneously,
but aggressive attempts to perform cardioversion have not yet been attempt-
ed. Permanent AF is AF that has been unresponsive to multiple attempts to
cardiovert.

Approximately 30–45% of paroxysmal cases and 20–25% of persistent
cases of AF occur in younger patients without demonstrable underlying dis-
ease (lone AF) [1]. In the other cases, AF is associated with several cardiopul-
monary or systemic disease. Patients present with a range of symptoms:
none, palpitations, systemic embolism or cardiovascular accident, syncope,
angina, exercise intolerance, and congestive heart failure.

Haemodynamically unstable patients should undergo immediate car-
dioversion; the choice may be also relatively easy for a patient with sympto-
matic AF despite adequate ventricular rate control. Such a patient needs a
rhythm control strategy to restore and maintain sinus rhythm to alleviate
symptoms. One could also argue that every patient with an initial episode of
AF should be offered at least one chance to have sinus rhythm restored by
electrical cardioversion without long-term anti-arrhythmic drug therapy.
But what about patients who tolerate AF with minimal or no symptoms?

For many years we assumed that rhythm control would be the best treat-
ment approach for patients with AF. The presumed benefits of rhythm con-
trol are better relief of symptoms and a lower risk of stroke. In contrast, ven-
tricular rate control was used more often as a secondary strategy when sinus
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rhythm could not be restored and maintained despite the use of multiple
anti-arrhythmic drugs and cardioversions. This approach generally involves
the use of drugs that block the AV node, such as beta-blockers, calcium
antagonists, and digoxin. Concerns about the rate control approach particu-
larly involved the perceived risks of allowing AF to continue, e.g. throm-
boembolism and stroke, haemorrhagic complications from anticoagulation,
atrial myopathy from long-standing atrial fibrillation, and increased mortali-
ty.

The dilemma for patients with asymptomatic or minimally symptomatic
AF became magnified as data began to emerge about the risks of anti-
arrhythmic drugs, particularly for patients with structural heart disease.
These observations led to concern that the potential beneficial effects of
restoring and maintaining sinus rhythm may be offset by the adverse effects
of the treatment itself.

Several recent randomised studies would appear to support continuing
ventricular rate control alone with appropriate anticoagulation for patients
who tolerate AF after ventricular rate control is achieved. However, these
studies had important limitations, and, as with any study, we must be cau-
tious in interpreting the results and keep in mind what type of patients were
studied, which treatment options were studied, and to which patients in your
practice the results are applicable.

The Atrial Fibrillation Follow-up Investigation of Rhythm Management
(AFFIRM), the largest of these studies, directly compared the two strategies,
with total mortality as the primary end-point. A total of 4060 patients who
were at least 65 years old or who had other risk factors for stroke were ran-
domised to a strategy of rhythm control or rate control. The rhythm control
group received anti-arrhythmic drugs and cardioversion as necessary to
maintain sinus rhythm. Continuous anticoagulation was encouraged but
could be stopped if sinus rhythm had apparently been maintained for at least
4 weeks. The rate control group received AV nodal-blocking agents and con-
tinuous anticoagulation, with the goal of a heart rate ≤ 80 bpm at rest
and ≤ 110 bpm during a 6-min walking test. Catheter ablation of the AV node
with pacemaker implantation could be used if ventricular rate control was
not achieved with a combination of drugs. After 5 years of follow-up, more
patients had died in the rhythm control group (24% vs 21%), but the differ-
ence was not statistically significant. More rhythm control patients were hos-
pitalised or had adverse drug effects; ischaemic stroke occurred in about 1%
of patients per year in each group, mostly those in whom warfarin had been
stopped or whose international normalised ratio was subtherapeutic. Other
studies comparing rate control vs rhythm control treatment strategies
showed similar results [2–5].

These studies showed that a strategy of rhythm control was not superior
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to a strategy of ventricular rate control for older patients with AF. There were
no significant differences in mortality or quality of life. The incidence of
ischaemic stroke was not reduced by attempts to maintain sinus rhythm.
Also, many patients with stroke (about 50% in the AFFIRM trial and 30% in
the RACE trial) were in sinus rhythm at the time of the event. Some of the
strokes in the rhythm control groups may have been due to subclinical
episodes of AF, raising concern about the practice of stopping warfarin after
a patient is presumed to be maintaining sinus rhythm on the basis of symp-
tom reporting. This, along with the potential side effects of anti-arrhythmic
drugs, could have negated the potential advantages of rhythm control.

The patient population in both studies was reasonably representative of
patients with AF seen in clinical practice. However, there were two sources of
possible inclusion bias:
- Only patients who were able and willing to tolerate AF after ventricular

rate control had been achieved were included
- Patients were relatively old, and the conclusions of these studies may

therefore not apply to younger patients
- Follow-up was relatively short. The effects of ongoing AF over long peri-

ods of time remain unclear, in particular concerning the consequences of
the progression of the atrial myopathy in such patients 

- Another important limitation of these studies is that they did not assess
other, potentially curative treatments.
Therefore, one could argue that these trials compared two suboptimal

strategies, and the most appropriate conclusion may be that a rhythm con-
trol strategy using anti-arrhythmic drugs is just as bad or worse than a ven-
tricular rate control strategy. Interestingly, the AFFIRM trial investigators
recently reported that sinus rhythm is associated with a lower risk of death.
For these reasons, we cannot yet conclude that restoring sinus rhythm has
been eliminated as a management strategy for many patients with AF.
Further studies are required to determine the best strategy for younger
patients and to investigate alternative treatment strategies.

Atrial fibrillation remains a common problem in medicine; its incidence
is projected to increase significantly over the next few decades. The optimal
treatment strategy has yet to be clarified, especially because of the large vari-
ance in presentation and degree of symptoms among different patients.
Effective stroke prevention remains an important consideration. Recent tri-
als suggest that patients with minimal symptoms may be better served with
simple rate control and anticoagulation rather than aggressive attempts to
restore sinus rhythm, particularly as attempts to maintain sinus rhythm are
costly, time-intensive, and ineffective. For patients with problematic symp-
toms, anti-arrhythmic drug therapy is the first line of treatment, but newer,
invasive procedures are being developed and refined. So far, these invasive
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therapies have shown efficacy only in limited patient populations. It is hoped
that, as medical knowledge of the mechanisms of AF continues to progress
and technologies continue to be refined, improved options will become
available.
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The Role of Imaging in Catheter Ablation of Atrial Fibrillation

J. KAUTZNER, P. PEICHL, H. MLCOCHOVA

Catheter ablation of atrial fibrillation (AF) has become a real therapeutic
option for symptomatic patients resistant to or intolerant of antiarrhythmic
drugs. Since the first reports of curative catheter ablation a decade ago, sev-
eral techniques have evolved [1–5]. Despite the fact that these techniques
vary significantly, they all have something in common: the predominant tar-
get has become the left atrium and pulmonary veins (PVs). Underestimated
by many operators, the variability of the anatomy makes the procedure com-
plex and seems to explain most failures and/or complications. The aim of
this review is to discuss the importance of imaging techniques for guidance
of catheter ablation of AF.

Anatomy of the Left Atrium and Pulmonary Veins

Remarkably little attention was paid to PV anatomy before the era of
catheter ablation of AF [6]. The first anatomical study that dealt with the
arrangement and diameters of the PV ostia was published by Ho et al. [7].
This study reported no difference in PV ostial diameters. Variant anatomy
(i.e. anything other than four distinct ostia) was observed in 23% of the
hearts, the remaining specimens showing four distinct PVs. In another study
by these authors, 2 of the 20 hearts had a common orifice of the right PVs
and another 3 had a common vestibule of the left PVs (i.e. variant anatomy
in 20% cases) [8]. Discounting the common ostia, the diameter of PV orifices
ranged from 8 mm to 21 mm with a mean of 12.5 mm. Moubarak et al.
described confluent PVs (i.e. common vestibules) in 25% of the specimens,
more commonly on the left side [9]. Thus, for the first time, these studies
suggested that PV arrangements could vary from patient to patient.
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Pulmonary Venous Angiography

In the early days of experience, PV angiography was performed at the begin-
ning of the ablation procedure in order to determine the position and the
size of the PV ostia. Lin et al. were among the first to evaluate PV size in
patients with AF using biplanar PV angiography [10]. They revealed that the
superior PVs are greater in diameter than the inferior PVs, and that the
mean ostial diameters of the superior PVs in patients with AF were signifi-
cantly greater than in a control group. On average, the diameter of superior
PVs at the ostia in controls was 10.9 mm, compared with 13.1–13.6 mm in
AF patients. The corresponding diameters of the inferior PVs were 7.5 mm
and 8.3 mm, respectively. The relatively small diameters of PV ostia suggest
that tube-like portions of the PVs and not the ostia are usually measured by
contrast PV angiography. This may result in a higher risk of PV stenosis
after energy delivery within the PVs.

Wittkampf et al. published one of the first studies that clearly demon-
strated how contrast angiography could be misleading [11]. Using magnetic
resonance angiography (MRA), they showed that the majority of PV ostia
are oval in shape, with a significantly shorter diameter in the anteroposterior
direction (mean ratio between maximum and minimum diameter was 1.5 ±
0.4 for left PVs, a little less for right PVs). Maximum diameters of PVs
ranged between 15.9 and 18.7 mm; left common ostia measured 27.3 mm
on average. Therefore, this study emphasised for the first time that true
ostial dimensions can only be measured using 3D imaging techniques.

A more recent study compared contrast PV angiography obtained in two
perpendicular projections with MRA in 20 consecutive patients undergoing
catheter ablation [12]. A PV ostium was angiographically defined as the
junction of the PV with the left atrium and measured from both projections
with a correction for the degree of magnification. Measurements were made
at the end of ventricular systole. MRA images from 2D maximum intensity
projections and multiplanar reformations were analysed. The study revealed
excellent correlation between the PV ostial diameters obtained by these two
techniques. The mean diameters measured by both of them ranged between
16.9 and 19.4 mm. Although these values appear to be more realistic than in
the study by Lin et al., the two diameters measured from two PV angiograph-
ic projections for each vein were similar and thus did not exhibit the charac-
teristic oval shape described above. This again suggests that PV angiography
may not be an appropriate tool for the assessment of the true PV ostial
anatomy. Despite this, many operators still use this technique alone to guide
catheter ablation of AF.
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MR Angiography

Since the time of Wittkampf´s study, several other studies have explored the
potential of MRA for determining the anatomy of PVs and non-invasive
assessment of PV stenosis after catheter ablation [13–17]. Unfortunately,
they mostly used 2D data format for this purpose. Some studies compared
AF subjects with controls and suggested that the former group had larger PV
diameters, especially superior PVs. PV ostia were found to be oblong in
shape with the anteroposterior dimension less than the superoinferior
dimension. AF subjects also presented with complex branching patterns,
especially in the inferior PVs [15]. Variant anatomy was observed in 38% of
subjects and there was no difference between patients in the AF and control
groups. A short common left trunk was observed in 15% and the remaining
18% of subjects presented with more marked anatomic variation. So far, the
largest study using MRA to establish PV anatomy was published by Mansour
et al., who analysed diameters and branching patterns of PVs in 105 patients
undergoing PV isolation [17]. They concluded that 56% had four separate
ostia, 29% presented with an additional PV, and 17% showed a common left
trunk. The PV ostium was smaller than 10 mm in 26 (25%) subjects and
larger than 25 mm in 15 (14%) patients.

After ablation, Kato et al. observed detectable PV narrowing in 24% of
the veins [15]. However, severe PV stenosis was described in 1 PV (1.4%),
moderate stenosis in 1 PV (1.4%), and mild stenosis in the remaining 15 PVs
(21.1%). Dill et al. used MRA in 44 subjects before and after segmental PV
isolation, and described a very good correlation between the diameters of
PV ostia measured from contrast angiography and from MRA [14]. Mild or
moderate diameter reduction after catheter ablation was observed in 18% of
patients one day after, with a reversal in 5.8% and a progression in 7.2% dur-
ing a 3-month period.

Our experience confirms the above observations that MRA is an excellent
tool for detailed evaluation of PV anatomy [18]. However, our data vary to
some extent from previous studies as we documented even higher variability
in the arrangement of PV ostia. Analysis of 3D reconstructions documented
clearly that variant anatomy of the PV ostia can be revealed in 80% of sub-
jects (Fig. 1). This was mainly due to a relatively high occurrence of short
left-sided common trunk. The explanation is that although previous studies
claimed the use of 3D data, the analysis and measurements were definitely
performed on 2D images. In a fair proportion of patients, the true pattern of
the PV arrangement may be recognised only from 3D reconstructions and is
easily underestimated from 2D maximum intensity projection images. The
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high frequency with which the common left-sided vestibule occurs suggests
that this may be labelled as the ‘normal’ pattern of arrangement of the left-
sided PVs. A detailed knowledge of anatomy may decrease the risk of devel-
opment of PV stenosis.

Multidetector CT Angiography

Modern multidetector CT scanners (4-, 16-, or 64-slice) allow non-invasive
CT angiography (CTA) of the majority of vascular beds after injection of the
contrast agent into a peripheral vein. In addition, they provide an accurate
3D reconstruction of the recorded data using volume-rendering technique.
One of the first studies of the PVs in humans using four-slice CT was pub-
lished by Scharf et al. [19]. They found four separate PV ostia in 47 AF
patients (81%). Using 2D maximum intensity projections, they observed a
left common trunk in only 3% of subjects. AF patients had larger ostial
diameters than control subjects, and superior PVs were larger than inferior
PVs. Up to 60% stenosis was revealed after catheter ablation in 3% of 128
isolated PVs. Schwartzman et al. examined the dimensions and morphology
of the left atrium and PVs in 70 patients with and 47 subjects without AF
[20]. They correlated measurements obtained from 3D CT reconstructions
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Fig. 1a-d. Four examples of MR angiographic 3D images of the left atrium and PVs in
patients before catheter ablation of AF. Note the variable anatomy with a predominant
pattern of a left-sided common vestibule



with those obtained from intracardiac echocardiography. Variant anatomy
was relatively more frequent than in the above study –more than 2 PVs were
frequently observed on the right (18–25%), as well as PV ostial branching,
and a common PV frequently occurred on the left (6–20%). PV ostia were
neither circular nor planar. Left atrial and PV dimensions were significantly
greater in the AF group. However, after correction for left atrial volume, all
PV diameters were similar.

The largest population (201 patients), predominantly of subjects without
AF, was evaluated by CT angiography and 2D images were analysed [21].
Right PV drainage patterns varied in 32% of subjects, most commonly due to
the presence of a third PV draining directly into the left atrium. On the left
side, 86% of subjects had two ostia for the upper and lower lobes, while a
common trunk was observed in the remaining 14%. No association was
found between any drainage pattern and the presence of AF.

Our pilot data suggest that there is excellent anatomical correlation
between MRA and 16-slice CT angiography, once 3D reconstruction (vol-
ume-rendering technique) is used. Therefore, these methods can be used
alternatively (Fig. 2), both for preoperative assessment of anatomy and for
postoperative detection of PV stenosis.

Intracardiac Echocardiography

Recent advances in technology have allowed the design of catheter-based
ultrasound transducers for imaging of intracardiac structures. Two types of
catheter are currently in use. One is a mechanical catheter with a rotating
transducer which results in a 360° view perpendicular to the catheter shaft.
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Fig. 2a, b. 3D reconstruction of the left atrium and PVs in the same subject using a mul-
tidetector CT angiography and b MRA. Note the perfect correspondence in anatomy



The other is a phased array echocardiographic catheter that employs elec-
tronically controlled multiple transducers close to the tip, which results in a
wedge-shaped image sector similar to that of a transoesophageal probe. This
second type of catheter offers a greater depth of penetration and the possi-
bility of Doppler imaging, including colour-coded.

There is mounting evidence that intracardiac echocardiography (ICE)
can facilitate catheter ablation of AF by increasing efficacy and reducing
complications [22]. Compared to fluoroscopy, ICE provides multiple advan-
tages. It allows: (1) real-time definition of cardiac anatomy, especially of PV
ostia; (2) positioning of the catheter tip and assessment of its contact with
atrial tissue; (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.

The advantage of ICE in guiding AF catheter ablation starts to show dur-
ing trans-septal puncture. An ICE catheter positioned in the middle of the
right atrium provides clear images of the fossa ovalis and allow safe trans-
septal puncture even in anticoagulated patients. The trans-septal sheath and
the needle are visible as they tent the membranous part of the septum. This
allows ‘mapping’ of the fossa ovalis and selection of a preferential puncture
site posteriorly and lower, in order to have better access to the PVs. The pen-
etration of the needle to the left atrium is then followed on the screen.

Given the enormous variability in PV ostial anatomy and arrangement of
the PVs, ICE provides very accurate information about the catheter tip posi-
tion around the PV ostia. Where required, ICE allows exact positioning of
the circular mapping catheter (Lasso, Biosense Webster) at the very level of
the ostium (Fig. 3a). It has been shown to visualise PV ostia better than
angiography, and to ensure proper electrode alignment and contact [23].
Monitoring of microbubble formation can reveal tissue overheating before
impedance rises, and thus before the pop phenomenon can occur [24].
Whether this approach could eliminate the risk of atrio-oesophageal fistula
remains to be documented.

ICE carries additional potential for prevention of complications. It has
been shown that monitoring of the catheter position decreases the risk of
thromboembolic complications (Fig. 3b). In one recent study, thrombus for-
mation was observed within the left atrium in 10% of cases, despite antico-
agulation treatment with activated clotting time (ACT) above 250 s [25].
Another study suggested that ICE-guided power titration has an additive
effect in terms of safety – i.e. it leads to a further decrease in the throm-
boembolic event rate as compared with ICE imaging only [24]. At the same
time, ICE navigation minimises the risk of PV stenosis [26].

124 J. Kautzner et al.



Implications for Catheter Ablation

All the above data suggest that arrangement of the PV ostia is highly vari-
able, and even results obtained by the same imaging technique may vary sig-
nificantly. This underlines the need for pre-procedural 3D imaging (i.e. MRA
or CTA), which is important for understanding the anatomy and provides a
basis for subsequent evaluation of PV stenosis. To achieve maximum safety
of catheter ablation, there appears to be a need for on-line visualisation of
the PV ostia and the position of the ablation catheter by means of ICE.
However, most centres use only electroanatomical mapping to support
catheter ablation around the PV ostia. Although this provides a certain
degree of 3D navigation for catheter ablation, one must not forget that it is
virtual anatomy that is being displayed, and certainly this is not the ideal
technique for description of the true anatomy of the PV ostia.

Following previous experience with segmental isolation and then with
circumferential ablation, we started to employ pre-procedural MRA of the
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Fig. 3. Intracardiac echo-
cardiograms that show: a
precise positioning of the
circular mapping catheter
(Lasso) at the level of os-
tium of the right inferior
PV (arrows mark ostial
margins); b mobile throm-
bus attached to the tip of
the trans-septal sheath in
the left atrial cavity before
introduction of the abla-
tion catheter (arrow). The
thrombus was safely re-
moved by suction



left atrium and PVs in every ablation case. In addition, we adopted the use of
ICE in association with electroanatomical mapping system and the Lasso
catheter. One of the reasons for this move was the observed variability in the
PV ostial arrangement, which does not allow accurate location of the PV ostia
by the electroanatomical mapping system. The other reason was to improve
the efficacy and safety of ablation in the same way as reported by Marrouche
et al. [24]. The strategy is to integrate data obtained by pre-procedural 3D
MRA with the virtual anatomical map constructed during the procedure
under ICE guidance (Fig. 4). ICE further enables precise placement of the
Lasso catheter at the level of the venoatrial junction and deployment of abla-
tion lesions proximal to it. In addition, it may help to create adequate
radiofrequency lesions by monitoring the power delivery and the creation of
microbubbles as a sign of tissue overheating. So far, we have performed 38
procedures in 37 patients without structural heart disease, and 23 of them
have a minimum follow-up of 2 months. Nineteen (83%) are without AF, par-
tial effect was observed in another subject, and three patients continue to
have AF and symptoms. No case of PV stenosis or thromboembolism were
observed. Although it is early to analyse the efficacy of the above approach,
we believe that ICE provides significant help in catheter ablation of AF.
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Fig. 4. a Examples of pre-procedural MRA viewed from posteroanterior and left lateral
projections in a patient who subsequently underwent circumferential ablation around
the PV ostia. b Corresponding projections as obtained by electroanatomical mapping
and tagging PV ostia under intracardiac echocardiographic navigation. Left auricle is
labelled as floating points. Note the good correlation between the two methods of
reconstruction



Conclusions

Lessons learned from sophisticated imaging techniques such as MRA or CTA
suggest that anatomy of the left atrium and PVs is very complex and highly
variable. This agrees with clinical experience derived from catheter ablation
of AF and leads to a paradigm shift from navigation of catheter ablation
solely by mapping to the need for imaging of the PV ostia. It appears that
detailed knowledge of the anatomy diminishes the risk of PV stenosis as the
lesions are applied outside the tube-like portions of the PVs. Imaging tech-
niques also allow postoperative detection of PV stenosis. Intraoperative use
of ICE supports precise catheter positioning, and allows energy delivery to
be monitored and/or complications to be reduced.
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Atypical Atrial Flutter

A.S. MONTENERO

Background

With the use of endocardial activation mapping and stimulation studies, sev-
eral investigators have shown that different types of macroreentrant atrial
tachycardias are possible. The circuit is usually located in the right atrium
and a critical component of slow conduction is frequently present, often
located at the isthmus of atrial tissue which is between the tricuspid annu-
lus, the inferior vena cava, and the coronary sinus with eustachian valve and
ridge. Of the different types of atrial flutter, the typical common or type 1
atrial flutter is the most frequent. In this type of flutter right atrial activation
rotates in a counterclockwise direction. Less common are reverse (clockwise)
typical flutter. More recently, other types of isthmus-dependent and non-
isthmus-dependent flutter patterns have been described, even including left
atrial flutter [1–3].

Lower Loop Atrial Flutter

Lower loop reentry is defined as macroreentrant tachycardia maintained by
circus movement of the activation wave front around the inferior vena cava
instead of around the tricuspid annulus as in typical right atrial flutter. An
earlier study from Cheng et al. [1] showed that early breakthrough over the
tricuspid annulus occurred over the low lateral right atrium. Later on the
same group extended these observations showing that one annular break or
more could occur at the lateral or anterolateral regions of the annulus [2].
Lower loop reentry uses the same isthmus between the tricuspid annulus
and inferior vena cava as in common atrial flutter and therefore is similarly
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amendable by ablation of the isthmus. Recently Zhang et al. [4] have investi-
gated the exact reentry circuit in patients with atrial flutter that was associ-
ated with surface ECG flutter wave morphology and endocardial recordings
that are characteristic of clockwise atrial flutter. The major finding of this
study is that most of the isthmus between the tricuspid annulus and the infe-
rior vena cava dependent-flutter with positive flutter wave in the inferior
ECG leads involves a reentrant circuit around the inferior vena cava. It pro-
vided the first evidence that figure-of-eight double loop reentry may occur
around the inferior vena cava and tricuspid annulus and mimic typical
clockwise atrial flutter in patients without prior atriotomy. Because the tri-
cuspid isthmus constitutes the common pathway between the two reentrant
loops, this double loop reentry is also amendable by ablation that results in
bidirectional conduction block.

SI Short Circuit

Earlier studies by Olgin et al. [5] and Nakagawa et al. [6] showed that break-
through over the eustachian ridge posterior to the coronary sinus (CS)
ostium may be observed in 25–50% of patients with typical forms of flutter.
In these reports, there was almost simultaneous activation of the septum by
wave fronts advancing both anterior and posterior to the CS. Later Yang et al.
[2] showed another novel finding: demonstration of a circuit with early acti-
vation of the CS region. In this circuit, a typical counterclockwise wave front
negotiated the lateral portion of the isthmus and skirted posterior to the CS
ostium and the septum. One possible explanation is the presence of a pecti-
nate muscle band from the crista effectively separating the isthmus into
anterior and posterior compartments. The authors defined this type of flut-
ter as ‘partial isthmus-dependent’ atrial flutter. Bidirectional isthmus block
induced by a radiofrequency lesion would terminate the tachycardia.

Upper Loop Reentry Tachycardia

Upper loop reentry (ULR) is interpreted as the ‘converse’ of lower loop reen-
try (LLR), with a clockwise circuit and break over the lateral or anterolateral
annulus with impulse collision in the isthmus. It should be emphasised that
electroanatomic mapping studies were not available during ULR; hence, the
precise confines of the circuit are not clear, although detailed entrainment
mapping in some of these patients showed concealed entrainment at the pos-
terior right atrial septal region between the fossa ovalis and either the supe-
rior or the inferior vena cava. In addition, work by Yang et al. [2] supports
the finding of spontaneous conversion of either typical clockwise flutter or
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LLR to ULR. In one patient with LLR and multiple breakthroughs, conduc-
tion block over the isthmus was associated with the start of an ULR loop.

Previous reports [7] have described an atypical flutter circuit similar to
the ULR described by Yang et al. [2]. In addition, a very complete report by
Shah et al. [8], who used electroanatomic mapping, revealed a variable pat-
tern of activation of the superior right atrium in patients with typical coun-
terclockwise flutter. They showed an apparent isthmus between the superior
vena cava and the superior portion of the tricuspid annulus. They hypothe-
sise that ULR might use the channel between these structures. The descrip-
tions provided by Yang et al. [2] of hypothetical circuits were derived largely
from deductive reasoning based on typical flutter circuits. They appreciated
that precise delineation of the tachycardia circuit(s) was not possible with-
out advanced imaging techniques.

Scar-Related Atrial Tachycardia

Patients with who have previously undergone atriotomy may suffer from a
scar-related tachycardia that mimics a counterclockwise atrial flutter. This
tachycardia arises from a large low-voltage area of the posterolateral right
atrium and travels around the scar with more than one critical isthmus. The
identification and ablation of these isthmi may represent a challenge.

Left Atrial Flutter

Few data are available about left atrial flutters. In a dog model, Schuessler et
al. [9] demonstrated atrial flutters, usually rotating around anatomical and
functional zones of block. However, in dogs with enlarged and/or hypertro-
phied left atria, most of the circuits were located in the right atrium. Pure
left atrial circuits were rarely found, usually rotating around the pulmonary
vein (four dogs in Schuessler’s experience). Therefore, both human and ani-
mal data suggest that the right atrium is more frequently involved in flutters
than the left. However, the exact incidence of left atrial flutters in humans is
currently unknown.

The diagnosis of left atrial flutter can be established by comprehensive
mapping, including a 3D electroanatomic system, and confirmed by the
results of catheter ablation achieving sinus rhythm. Various circuits can be
demonstrated. In most cases, the arrhythmia may rotate around the mitral
annulus, a zone of block including the pulmonary veins, or a silent area.
Lines of block and silent areas also act as lateral barriers, probably allowing
stabilisation of the circuit and preventing short circuiting. In a few patients,
the circuit is more complex, with two or three loops rotating concomitantly.

131Atypical Atrial Flutter



There is no marked area of slow conduction in these macroreentrant cir-
cuits, in contrast to the cases of small reentrant circuits, in which a zone of
very slow conduction has been demonstrated, accounting for more than two-
thirds of the cycle length. Slow-conduction areas have been frequently
reported in animal models, usually being the centre of the circuit, either
alone or in association with anatomical obstacles. In contrast, a silent area
has not previously been reported clinically. It seems to be a distinctive and
relatively common feature of human left atrial flutter, present in 50% of the
patients in the series of Jaïs et al. [10]. This is probably related to severe atri-
al fibrosis (and atrial myocardial cell modification/disappearance), a com-
mon phenomenon in patients with structural heart disease. It may also be
possible that in patients who have suffered from atrial arrhythmias for many
years, histological changes have occurred as a result of atrial arrhythmia.
Marrouche et al. [11] recently reported on patients with a novel macroreen-
trant left atrial arrhythmia: the so-called left septal atrial flutter. Most of the
patients in this study developed left atrial flutter after initiation of anti-
arrhythmic therapy for atrial fibrillation. Slowing of atrial conduction by
anti-arrhythmic drugs may be a factor that allows left septal flutter. The zone
of double potentials anterior to the right pulmonary veins, corresponding to
the limbus of the fossa ovalis for the right atrium, and the mitral annulus
represent functional and anatomical barriers for left septal atrial flutter,
respectively. In addition, the results from the Marrouche series appeared to
suggest that the anterior ablation approach is more likely to provide a long-
term cure. Concealed entrainment has been used to identify a protected isth-
mus between barriers, which are critical for the maintenance of arrhytmia.
Concealed entrainment documented by pacing between the zone of double
potentials between the right pulmonary veins and the septum primum and
between the septum primum and the mitral annulus. Thus, the left septal
atrial flutter circuit appeared to revolve around the septum primum with the
use of two protected isthmi. The zone of double potential seems to play a
role similar to that of the crista terminalis during typical atrial flutter. The
zone of double potentials recorded in patients corresponds to the limbus of
the fossa ovalis on the right septum, which seems to complete the embry-
ological separation of the two atria. The region between the septum primum
and the mitral annulus defines another critical isthmus for the left septal
atrial flutter circuit. A similar situation has been described by Nagakawa et
al. [6] in the right atrium, where the tricuspid annulus forms a continuous
anterior barrier in patients with typical flutter. Marrouche has also demon-
strated a similar role of the septal part of the mitral annulus in forming an
anterior anatomical barrier for the left septal flutter circuit. The left atrial
septum possesses a unique muscular architecture that would allow the main-
tenance of left septal atrial flutter. Moreover, Jaïs et al. [10] also recognised
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the mitral annulus as a critical anatomical barrier in 36% of patients with
left atrial flutter. Linear radiofrequency lesions between the membranous
septum and the mitral annulus seem to be an effective and safe therapy for
this arrhythmia.

Conclusions

The identification of the macroreentrant nature of atrial flutter and the abili-
ty to localise the circuit by endocardial activation mapping and pacing
resulted in attempts to interrupt the circuit by ablative interventions.
Nowadays, catheter ablation of atrial flutter has become a safe, curative, and
highly successful procedure, particularly when the right atrial isthmus is
incorporated in the flutter circuit. Demonstration of bidirectional isthmus
block after ablation predicts a high long-term success rate. Scar-related and
left atrial flutters present more complex patterns of activation, making the
ablation more difficult and the 3D system often mandatory.
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Advances in Surgical Treatment of Atrial Fibrillation

L. PATANÈ, A. CAVALLARO

Epidemiology

Atrial fibrillation (AF) is the most common cardiac rhythm disturbance,
affecting 2.2 million people within the United States and 5.5 million world-
wide. The incidence of AF increases with age, with a prevalence of 0.5% of
people in the fifth decade of life, rising to 10% of people in the eighth decade
[1]. AF is associated with a number of predisposing cardiovascular disor-
ders, including coronary artery disease, valvular heart disease, congestive
heart failure, and hypertension, and occurs in as many as 50% of patients
undergoing cardiac operations. However, in up to 31% of cases AF is not
associated with an underlying cardiovascular disorder [2]. AF contributes
significantly to cardiovascular morbidity and mortality (Framingham study)
[3]. It is an independent risk factor for death, with a relative risk of approxi-
mately 1.5 for men and 1.9 for women even after adjustment for associated
cardiovascular disorders [4]. Because of the loss of effective atrial contrac-
tion, stasis of blood in the atria predisposes affected patients to thromboem-
bolism. Patients with AF have a five-fold increased risk for stroke compared
to age-matched controls, and AF is responsible for as many as 15% of all
strokes [4, 5].

Persistence of AF after cardiac surgery carries significant cardiovascular
morbidity and mortality despite medical treatment. In mitral valve disease
up to 80% of the patients remain in AF after surgical correction of the valvu-
lar cardiac disease [3, 6]. Therefore, the goal for patients with organic heart
diseases and permanent AF is not only the cure of lesions but also return to
permanent normal sinus rhythm, restoration of biatrial transport function,
and preventing thromboembolism. Building upon the pioneering work of
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Cox et al., recent reported series have demonstrated the feasibility of treating
patients undergoing cardiac surgery for other structural heart disease with
limited left-atrial ablation lesion sets using alternative energy sources. This
review summarises recent advances in surgery for AF.

Classification of Atrial Fibrillation

According to the American College of Cardiology, American Heart
Association, and European Society of Cardiology task force, classification of
AF begins with the first detected episode of this arrhythmia [7]. If a patient
has two or more episodes, AF is considered recurrent. Recurrent AF is desig-
nated as paroxysmal, persistent, or permanent. Paroxysmal AF lasts 7 or
fewer days and terminates spontaneously. Persistent AF does not terminate
spontaneously, but requires electrical or pharmacological cardioversion to
restore normal sinus rhythm; if the first detected episode of AF does not ter-
minate spontaneously, it is also designated persistent. Permanent AF is
defined as a condition in which sinus rhythm cannot be sustained after car-
dioversion or the patient and physician have decided against further efforts
to restore sinus rhythm.

Physiopathology

Using computer simulation, Moe et al. [8, 9] postulated that multiple wan-
dering wavelets are present during AF. An important further advance in our
understanding of AF has been the recognition that AF itself alters atrial elec-
trophysiological and structural properties, a process called ‘electrical remod-
elling’, in such a way that maintenance of the arrhythmia is favoured [10, 11].
The approximately 10-fold increase in atrial rate associated with AF causes
intracellular calcium loading. As a compensatory response, atrial myocytes
down-regulate calcium channel activity, which shortens the action potential
duration, reduces the refractory period, and promotes the induction and
maintenance of AF by multiple-circuit re-entry [1]. Over the past several
years, a number of observations have been made that challenge this conven-
tional viewpoint, that is that all AF results from multiple circuit re-entry.
Experimental mapping studies have suggested the importance of a primary
local generator, such as a single small re-entry circuit or ectopic focus [12,
13]. This notion has been supported by the finding that left atrial sources of
ectopic activity are of particular importance in a subset of patients. In
patients with paroxysmal AF, Haïssaguerre et al. have shown that arrhyth-
mias originate from ectopic foci in the pulmonary veins up to 94% of the
time [14]. This probably relates to the anatomic transition from pulmonary
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vein endothelium to left atrial endocardium; at this juncture, local ionic dif-
ferences may lead to shorter refractory periods in left atrial tissue, favouring
re-entry [15]. Although this observation demonstrates the critical impor-
tance of pulmonary veins in patients with paroxysmal AF, it may not apply to
persistent or permanent AF, where the posterior left atrium and possibly the
pulmonary veins are implicated in their pathogenesis and maintenance.
Harada et al. [16] performed intraoperative atrial activation mapping in 10
patients with persistent AF, demonstrating that for most patients the left
atrium acted as the electrical driving chamber. However, such patients also
tend to have pathological right atrial changes [17]. Collectively, these recent
findings challenge the long-held view that all AF results from multiple-cir-
cuit re-entry and explains both why the left atrium and pulmonary veins are
so important for the ablation to be successful and why more limited proce-
dures aimed at the electrical isolation of discrete atrial regions.

Surgical Treatment of Atrial Fibrillation

The long-term medical treatment of AF with anti-arrhythmic drug therapy is
associated with a failure rate of 50% at 1 year and up to 84% at 2 years [5,
18]. In addition, currently available anti-arrhythmic agents are not specific
for atrial activity and therefore can have profound effects on ventricular
electrophysiology. The medical treatment for AF has therefore largely
focused on ventricular rate control and management of thromboembolic
risk with oral anticoagulants. While warfarin therapy has been shown to
have a decisive benefit in reducing thromboembolism in patients with
chronic AF, this treatment is cumbersome and exposes patients to significant
haemorrhagic risk [19]. Dissatisfaction with medical therapy has spurred
efforts to develop a surgical treatment for AF.

Cox Maze III

The pioneering work of Cox et al. in 1991 culminated in the development of
the Cox maze III procedure, which remains the gold standard for the surgical
treatment of AF [20–23]. This procedure, by making a series of single-line
incisions and cryolesions in both the right and left atria, reduces atrial criti-
cal mass and interrupts all possible multiple re-entrant circuits necessary for
the propagation of AF (Fig. 1). The interrupting incisions allow sinus node
impulses to be transmitted across the atria to the atrioventricular node. The
treatment of the left atrium includes isolation of the pulmonary veins and
excision of the left atrial appendages. These elements of the Cox maze III
procedure were retained in the majority of subsequently developed opera-
tions aimed at the treatment of AF. The outstanding results of the Cox maze
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III procedure justify its status as the ‘gold standard’ surgical procedure for
AF. Cox et al. report an overall success rate of 99% in curing patients with AF
[24]. No instances of sinus node damage have been identified. Left and right
atrial function have been documented in 93% and 98% of patients, respec-
tively. High rates of freedom from AF have been reported by other investiga-
tors performing the Cox maze III procedure [25–27].

Despite this high degree of success, the procedure has not gained wide-
spread clinical application due to its perceived complexity and invasiveness
(requiring median sternotomy, long cardiopulmonary bypass, cardioplegic
arrest, extensive cardiac dissection, and multiple atrial incisions) and its sig-
nificant mortality and morbidity [28]. In an attempt to make the procedure
simpler and less time-consuming, and potentially obviate the need for car-
diopulmonary bypass, a number of investigators have developed the so-
called partial maze procedures where the incisions are made only on the left
atrium. Kress et al. have validated one such left atrial lesion set for the treat-
ment of AF [29]. These procedures have generally focused on the left atrium,
with the pulmonary veins being isolated by a series of lesions and the left
atrial appendage being either excluded or excised. Alternative energy
sources are typically used to reduce procedure time. The coronary sinus is
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typically not treated in partial maze procedures. Cox and Ad have previously
emphasised the importance of ablating the coronary sinus during proce-
dures for the treatment of AF in order to minimise the risk of atrial flutter
[30, 31]. In patients undergoing a concomitant right atrial procedure and in
those with a history of atrial flutter (in whom right-sided initiating foci are
common), many surgeons also perform a limited right atrial ablation proce-
dure.

Alternative Energy Sources

One of the obstacles to widespread clinical application of the Cox maze III
procedure is the time required to cut and sew the left atrium to interrupt
atrial re-entry circuits. The development of alternative energy sources that
can ablate atrial tissue by topical application has been a necessary advance in
the evolution toward faster, less invasive procedures for AF. The ideal energy
source would be fast, reliable, yield a full-thickness lesion, would not damage
surrounding tissues, and would be amenable to off-pump and minimally
invasive application. Recently developed alternative energy sources now pos-
sess a number of these desirable characteristics.

Three alternative energy sources are used surgically to treat AF: radiofre-
quency, cryothermy, and microwave. Laser and ultrasound are not complete-
ly proven at this point. The goal of all five procedures is to develop con-
trolled lesions of coagulative necrosis and ultimately scar tissue to block the
abnormal electrical impulses from being conducted through the heart and
promote the normal conduction of impulses through the proper pathway
[32]. The lesion sets created with this alternative energy are similar, general-
ly including pulmonary vein isolation. Cryothermy and microwave have also
been used as part of Cox maze III.

Radiofrequency

Special probes uses radiofrequency energy, an alternating current from 350
kHz to 1 MHz, to heat tissue and create transmural epicardial and/or endocar-
dial linear lesions that block atrial conduction similarly to the lesions of the
maze procedure [33]. Experimental data demonstrate that heating tissue for
approximately 1 min at 70–80 °C produces lesions 3–6 mm deep, usually suf-
ficient to create a transmural line of conduction block [34]. With this energy
source there has been a significant experience and a variety of surgical tech-
niques [35–38], related to the different radiofrequency catheter systems avail-
able (unipolar, bipolar, dry or saline-cooled) [39–42], the amount of energy
and variety of lesion sets (Melo pulmonary veins encircling, Alfieri set, and so
on) (Fig. 2). Radiofrequency ablation by epicardial application holds promise
for developing off-pump and minimally invasive procedures for AF.
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The majority of radiofrequency ablation procedures to date have been
performed with unipolar systems that have a number of limitations related,
particularly with dry probes, to the unfocused nature of the energy that is
delivered. Local temperatures can exceed 100 °C, leading to surface charring
and potential thromboembolic complications. Heat is conducted to sur-
rounding tissues, raising the risk of damage to surrounding structures.
Oesophageal perforations have been reported with this technique [43, 44].
Recently developed saline-cooled bipolar radiofrequency clamps address
these limitations and allow the creation of more precise and uniform trans-
mural lesions. The early clinical experience with bipolar radiofrequency
ablation has demonstrated consistent conduction block with epicardial and
off-pump application [45]. Creation of left-sided lesion sets generally
requires 10–20 min [34, 40–42, 46–53]. This amount of time contrasts with
the 1 h required to perform the Cox maze III procedure [54, 55].

Cryothermy

Cryoablation is performed with a nitrous-oxide-cooled probe that when
applied to atrial tissue at very cold temperature (–60 or –80 °C for 2 min)
reliably produces transmural lesions that block atrial conduction. An advan-
tage of this technique is that there is no tissue vaporisation or charring and
the endocardial surface remains smooth following cryoablation. Cox et al.
were the first to incorporate this modality into surgery for AF, to complete
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[20–23] or replace (‘cryo-maze’ procedure) [20] the lesions of the Cox maze
III operation. Sueda et al. have demonstrated the feasibility of left sided par-
tial maze procedures using cryoablation [56–58]. This procedure is demand-
ing and technically difficult. Ongoing development of minimally invasive
procedures using cryoablation has been somewhat limited by currently
available cryoprobe systems, which are rigid [33].

Microwave

Microwave ablation probes are commercially available and have been suc-
cessfully used in partial maze operations to treat chronic AF [59, 60]. At pre-
sent, 2-, 4-, and 10-cm probes are available for microwave-based AF ablation.
A special wand-like catheter (the Flex-4 catheter) is used to direct microwave
energy to create several lesions on the heart. Microwave ablation makes use
of high-frequency electromagnetic radiation (microwaves), which upon
application to atrial tissue causes oscillation of water molecules, converting
electromagnetic energy into kinetic energy and producing heat. This heat
causes thermal injury leading to conduction block. However, unlike radiofre-
quency heating, microwave heating does not cause endocardial surface char-
ring, which may reduce the risk of thromboembolism [59]. Microwave abla-
tion has greater tissue penetration than radiofrequency ablation, increasing
the likelihood of a transmural lesion. These advantages, particularly before
irrigated radiofrequency probes, have led to increasing interest in the use of
microwave ablation in surgical procedures for AF. Oesophageal injury has
been reported with radiofrequency surgery, but not with microwave.

Ultrasound

Ultrasound ablation is in very early development; the feasibility of this
modality for the treatment of AF in humans has been demonstrated in early
catheter-based approaches [61, 62]. Ultrasound wave propagation causes
compression/refraction of the tissue, resulting in motions that produce heat
(mechanical hyperthermia). Both focused (very short lesion times) and non-
focused ablation are possible with ultrasound.

Laser

Light energy produces harmonic oscillation of water with the development
of kinetic energy and subsequent heat that causes the lesions. Today, two
devices have been used experimentally to produce linear myocardial lesions,
the neodymium:yttrium–aluminium garnet (Nd:YAG) lasers and an infrared
coagulator [63–66]. These methods produce well-demarcated transmural
photocoagulation necrosis with relatively low peak tissue temperatures and
without tissue vaporisation.
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Postoperative Care

Medical Protocols

Whatever the technique used to create atrial lesions (e.g. incision, cryoabla-
tion, radiofrequency energy), the time course of lesion maturation and scar
formation results in delayed onset of complete electrical isolation. Thus, iso-
lation procedures are associated with a high incidence of postoperative AF
and/or flutter, ranging from 38% to 69% and 5% to 10% respectively [20,
35–42, 56–62]. These atrial arrhythmias are generally treated aggressively
with pharmacological agents or external/internal electrical cardioversion or
ablation procedures. The drug of choice is amiodarone, started immediately
in the operating theatre with an intravenous loading dose, followed by a daily
dose of 200 mg for up to 6 weeks or months postoperatively. If amiodarone is
contraindicated, beta-blockers are administered. Several surgeons use DDD
stimulation during the first 48 h. Using this protocol, most patients leave the
hospital in sinus rhythm [67]. Anticoagulation treatment of patients remains
controversial. Because of the high incidence of AF in the early perioperative
period and the unpredictability of early atrial function in patients who
remain in sinus rhythm, many surgeons recommend 3 or more months of
anticoagulation treatment for all patients, regardless of the rhythm at hospi-
tal discharge. Patients who are discharged in AF are maintained on oral anti-
coagulants until sinus rhythm is documented at 3- to 6-month follow-up.
These medical protocols are extremely variable [35–42, 67–69].

Diagnostic Protocols

The postoperative follow-up controls take place generally at hospital dis-
charge, at the 1st, 3rd, 6th, and 12th month, and annually thereafter, by
means of electrocardiogram, Holter monitoring, and echocardiogram.
Echocardiogram examinations are used for sizing atrial dimension and
assessing atrial contractility. The superoinferior diameter (D1), measured on
B-mode in the four-chamber apical view, from the mitral valve plane towards
the pulmonary veins, is usually considered as the left atrial diameter. The lat-
eromedial (D2) and anteroposterior (D3) left atrial diameters are also mea-
sured to enable calculation of the left atrial volume by the formula: (D1 x
D2 x D3 x 0.53)/1000 [70]. Postoperative atrial contractility is assessed
with pulsed Doppler, in four-chamber apical view, with effective restoration
of atrial transport function considered present when the transvalvular peak
A wave is equal to or greater than 10–30 cm/s. Other authors [69] aiming to
assess biatrial contractility evaluate: (a) transmitral and trans-tricuspidal
peak E wave and its velocity time integral (VTIE); (b) transmitral and trans-
tricuspidal peak A wave and its velocity time integral (VTIA); (c) total trans-
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mitral or trans-tricuspidal velocity time integral (VTItotal); (d) E/A wave
ratio. These data enable calculation of the atrial function fraction (AFF) by
the formula: VTIA/(VTIA + VTIE). An AFF below 20% expresses severe left
atrial impairment, between 20% and 29% mild to moderate impairment, and
over 29% normal contractility. Results of biatrial contraction function can
also be expressed in terms of the Santa Cruz Score [71, 72].

In order to assess the presence of tachy-brady arrhythmias and to calcu-
late heart rate variability, Holter monitoring is performed generally at least 6
and 12 months postoperatively and annually thereafter in patients without
AF [70]. If AF persists despite two or more electrical cardioversions, espe-
cially for more than 6 months postoperatively, electroanatomical comput-
erised mapping (CARTO system) is indicated to reveal any discontinuities in
the ablative line lesions [41]. If incomplete ablative lines are found, the
patient is put forward for percutaneous partial radiofrequency catheter abla-
tion. Electrical cardioversion, CARTO system, and percutaneous radiofre-
quency catheter ablation allow the restoration of sinus rhythm in about
100% of patients independently of the procedure and ablative set used.

Results of Surgery for Atrial Fibrillation

According to the protocol recently suggested by Gillinov [33], success or fail-
ure of surgical AF ablation is determined 6 months after surgery. Failure of
surgery for AF is defined by the presence of AF 6 months or more after oper-
ation that is permanent or paroxysmal and unresponsive to anti-arrhythmic
medications. If a patient can be maintained in sinus rhythm with anti-
arrhythmic medications, AF surgery has not failed. Similarly, requirement
for a pacemaker (range: 5–20%) does not constitute failure [24, 25]. If a
patient requires an additional surgical or percutaneous procedure for AF or
atrial flutter ablation, this is noted as failure of the initial procedure.
However, subsequent interventions may restore sinus rhythm, representing
ultimate success of combined therapy for AF. Based in the number of recur-
rences, other authors considered the surgical ablation procedure to have
been ineffective when the discharged patients need more than three car-
dioversions for recurrences of AF/atrial flutter during the first 3 months
after surgery. Cox et al. demonstrated both that temporary postoperative AF
was common (38% of patients), due to a shortened atrial refractory period in
the postoperative period [21], and that their 99% successful ablation of AF
was unaffected by presence of mitral valve disease, left atrial size, and type of
AF (paroxysmal versus persistent). Other centres have published results with
the Cox maze III procedure [25, 73], but in general efficacy has been less
than that reported by Cox et al. At the Cleveland Clinic and the Mayo Clinic,
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late freedom from AF is reported to be around 90% [25–27]. In other series,
combining mitral valve surgery with the Cox maze III cured AF in only
75–82% of patients [53, 55, 74, 75].

The results in recently published series of patients undergoing left-sided
partial maze procedures are summarised in Table 1 [43, 55, 56, 76-78]. These
series in general share a number of limitations, which include relatively low
numbers of patients, incomplete long-term follow-up, and non-standardised
definitions of surgical success and failure. The vast majority of patients in
these series had structural heart disease requiring additional procedures to
be performed at the time of their partial maze, including mitral valve
replacement and repair and coronary artery bypass.

Despite some limitations, the results of these early series have been an
important incremental advance in the development of surgery for AF. These
investigators have shown the feasibility of adding partial maze procedures to
complex operations for structural heart disease. This has been accomplished
with only a modest increase in procedure time and maintenance of low com-
plication rates [39–47]. Mid- and long-term results have been encouraging,
with success rates generally in the 70–80% range. Pasic et al. have reported
success rates as high as 92% at 6-month follow-up [55]. While the results of
partial maze procedures should be examined in the context of the outstand-
ing experience Cox et al. have documented with the Cox maze III procedure,
these studies have shown the potential for partial maze procedures to treat
AF effectively with a simple, short, and less invasive procedure.

Although less frequently than in cases of underlying cardiopathy, surgical
ablation has also been applied to treat lone AF. The reasons that have limited
its use for this indication are probably the necessity of a sternotomy and
underevaluation of AF consequences.
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Table 1. Results of published series of patients undergoing left-sided partial maze pro-
cedures

Authors Year Patients (n) Lesion type Percentage in
SR at mid-
/long-term 
follow-up

Pasic et al. [55] 2001 48 RF 92
Mohr et al. [43] 2002 234 RF 81.1
Benussi et al. [76] 2002 132 Epicardial RF 77
Kress et al. [77] 2002 23 RF 86
Knaut et al. [78] 2002 105 Microwave 61
Kondo et al. [56] 2003 31 Cryoablation/RF 79.3

RF, radiofrequency; SR, sinus rhythm



Conclusions

Recent technological advances, focused on developing faster, simpler, and
less invasive procedures with an efficacy similar to that achieved with the
Cox maze, and demonstration that the pulmonary veins and posterior left
atrium are the drivers of AF in most patients, justify a return of interest in
direct surgical ablation of AF. A number of investigators have published
results of left-sided partial maze procedures.

These procedures, performed in only 10–20 min using alternative energy
sources to make ablative lesions, are safe and restore sinus rhythm in
70–80% of patients. These studies have demonstrated the feasibility of per-
forming ablative procedures with limited lesion sets to effectively treat
patients with medically refractory AF, and have established that the complete
lesion set developed by Cox et al. is unnecessary to treat successfully all
patients with AF. Preoperative identification of this subset of patients for
whom left atrial sources of ectopic activity may be amenable to a simple left-
sided partial maze would potentially improve the success rates of these pro-
cedures without further advancements in technique. On the other hand, a
number of preoperative clinical criteria, such as enlarged left atrial size, pro-
longed duration of AF, electrocardiogram voltage criteria, advanced age, and
associated coronary artery disease, have been associated with failure of the
left-side partial maze procedure. This second subset could be treated by the
classic Cox maze. Further advancements in our understanding of the patho-
physiology of AF as well as improved electrophysiological screening of indi-
vidual patients’ ectopic foci, for instance with advanced mapping techniques,
will lead to better patient selection and surgical cure rates [79–81].

The optimal lesion set has not yet been defined, although minor varia-
tions appear to produce little difference in outcome. Left atrial appendage
exclusion or excision using surgical staplers [82] remains an important
advantage of surgical approaches that should be included in all partial maze
procedures. In fact, left atrial appendage excision/exclusion has been pro-
posed as a stand-alone treatment for permanent or persistent AF, both
because it removes the most important thromboembolic source for patients
with chronic AF [83–85] and because anecdotal data suggest that the left
atrial appendage contributes electrically to the initiation or propagation of
AF. Minimally invasive off-pump ablation of AF is on the horizon, and in the
near future it is likely that new probes, coupled with thoracoscopic stapling
instruments, will facilitate off-pump epicardial ablation of AF performed
through thoracoscopy. Emerging technologies that can be used for epicardial
and beating heart application and ablation of atrial tissues, such as bipolar
saline-cooled radiofrequency probes, show great promise as investigators
work to develop minimally invasive approaches [86, 87]. As new procedures
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are developed that effectively treat AF, have low morbidity, and are minimal-
ly invasive, they will be increasingly utilised to restore sinus rhythm perma-
nently, potentially in all patients affected by AF. Rigorous evaluation of
developing procedures will be important in order to evaluate competing
therapies, including medical, catheter-based, and surgical treatments. A stan-
dardised analysis and reporting system has been proposed to facilitate the
fair comparison of emerging treatments for AF [33].

Many surgeons currently offer ‘pulmonary vein isolation only’ to patients
who have had paroxysmal AF, and left atrial partial maze to patients who
have had persistent or permanent AF for at least 6 months, or to those who
have failed at least two cardioversion attempts. Most frequently this proce-
dure is performed in patients undergoing mitral valve operations, but also it
is applied in patients undergoing atrial sept defect (ADS) closure, aortic
valve operations, and coronary artery bypass grafting. Because of the poten-
tial to completely discontinue anticoagulation by restoring sinus rhythm,
ablation is performed more aggressively in patients undergoing valve repairs
or tissue valve replacements. However, many others perform the procedure
in patients receiving mechanical valves, since the elimination of AF may
allow lower anticoagulation levels as well as improved cardiac function and
avoidance of anti-arrhythmic medications. A left atrium diameter more than
60–65 mm is considered a contraindication for ablation procedure in many
reports. Others also treat left atrium diameter more than 60-65 mm but asso-
ciated atrial plasty.

Nowadays surgical ablation is the most effective procedure in the treat-
ment of AF resistant to medical therapy. The Cox maze operation permits
restoration of sinus rhythm in the great majority of patients, but is employed
only by a few teams in selected cases (huge left atrium, long-standing AF, and
so on). In the other cases, the left-sided partial maze (with new energy
sources and lesion sets limited to the left atrium) is able to restore sinus
rhythm in more than 70% of patients. The emerging technologies and the
development of minimally invasive approaches will probably lead to an
increase in the treatment of lone AF. Rigorous evaluation and standardised
analysis of medium- and long-term results will permit tailoring of the best
treatment for each subset of patients with AF.
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Guidelines for the Management of Patients with Heart Failure

G. SINAGRA, G. SABBADINI, S. RAKAR, A. PERKAN, M. ZECCHIN, L. SALVATORE,
F. LONGARO, A. DI LENARDA

Chronic congestive heart failure (HF) is a highly disabling, costly, and deadly
syndrome which affects a hundred million people worldwide [1]. Large clinical
trials have shown that drugs which antagonise the renin–angiotensin–aldos-
terone system [angiotensin converting enzyme (ACE) inhibitors, angiotensin
II receptor blockers (ARBs), aldosterone receptor antagonists] and sympa-
thetic nervous system (beta-blockers) are highly effective in reducing the
rates of mortality and morbidity in patients with left ventricular (LV) cham-
ber dilation/systolic dysfunction cardiomyopathies, whether of ischaemic or
non-ischaemic aetiology (Tables 1–3) [2–5]. Although no survival benefit has
been documented with diuretics and digoxin, the former remain a corner-
stone in the treatment of HF patients as the most efficacious means of coun-
teracting fluid retention [6], while the latter can be of value to achieve fur-
ther improvements in symptoms and quality of life [7].

In addition, several randomised controlled trials have recently demon-
strated the effectiveness of implantable cardioverter defibrillator (ICD) ther-
apy for the primary and secondary prevention of unexpected cardiac sudden
death (Table 4) [8–10].

Despite the availability of these useful therapies, HF patients continue to
be affected by progressively worsening symptoms, the need for recurrent
high-cost hospitalisations, poor quality of life, and shortened life expectancy
[11]. It is indisputable that the persistence of high morbidity and mortality
rates can be explained, at least in part, by the fact that treatments proven to
be effective in randomised controlled trials have not been applied to all suit-
able patients encountered in the clinical arena [12]. Following from this,
guidelines for the management of the syndrome have emerged in the last
years as an helpful tool to translate scientific evidence into daily practice,
providing indications for a more appropriate use of currently available ther-
apeutic strategies [13, 14].

Department of Cardiology, Trieste Hospital and University, Trieste, Italy
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Conventional Pharmacological Therapies

All patients who are symptom-free [New York Heart Association (NYHA)
class I] and have impaired LV pump function (ejection fraction, EF <
40–45%) should receive an ACE inhibitor; the addition of a beta-blocker can
be recommended only in those who have asymptomatic LV systolic dysfunc-
tion following an acute myocardial infarction.

The established treatment for HF patients with NYHA class II–IV symp-
toms and reduced LVEF comprises an ACE inhibitor (or, if not tolerated, an
ARB), a beta-blocker, one or more diuretics (including an aldosterone recep-
tor antagonist), and possibly digoxin. The first step is to introduce an ACE
inhibitor, which can be initiated before diuretic therapy in patients who
show a low tendency to develop fluid retention; however, most patients
exhibit congestive signs/symptoms, and thus these two forms of treatment
are usually initiated at the same time. ACE inhibitor drugs must be started at
low doses and slowly titrated up to those proven to be effective in the clinical
trials (or, alternatively, to the maximum tolerated). ACE inhibitor treatment
should not be initiated (or, if already started, it must be stopped) in patients
with evidence of bilateral renal artery stenosis, angio-oedema, intractable
dry cough, hypotension (systolic blood pressure < 80 mmHg), severe renal
impairment (creatininaemia > 3.0 mg%) or electrolyte abnormalities
(kalaemia > 5.5 mmol/l).

Some mildly symptomatic cases can be managed with a thiazide diuretic,
but most patients require to be treated with a loop diuretic, perhaps given at
high doses or in combination with metolazone in the presence of severe con-
gestive signs/symptoms. During chronic diuretic therapy, it is necessary to
check serum creatinine, electrolytes, uric acid, and glucose frequently.

In clinically stable patients on optimised treatment with an ACE inhibitor
and diuretics, addition of a beta-blocker is indicated (only bisoprolol, long-
acting metoprolol, and carvedilol can be recommended at present), unless
they are intolerant or have any contraindication to this form of treatment
(contraindications include bronchial asthma, severe bronchial disease, symp-
tomatic bradycardia, advanced heart block, and symptomatic hypotension).
Patients who undergo beta-blocker therapy should be closely followed dur-
ing the up-titration phase and thereafter in order to ensure prompt recogni-
tion of the occurrence of major side effects (bradycardia, hypotension, fluid
retention, worsening HF). Initial doses must be very low and must be
increased slowly up to the optimal ones. If side effects occur, all attempts
should be made to avoid discontinuation of the beta-blocker, by changing
the ACE inhibitor and/or diuretic doses. If there is a need to reduce or stop
the beta-blocker therapy, every effort should be made to reintroduce it when
the patients become clinically stable.
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Although ARBs have not been shown to be superior to ACE inhibitors,
they are also effective on major clinical end points. Thus, if ACE inhibitors
are contraindicated or not tolerated, ARBs represent the best alternative
choice. Moreover, in patients receiving an ACE inhibitor and a beta-blocker,
the addition of an ARB may provide further clinical benefits. Side effects are
less frequent with ARBs than with ACE inhibitors.

The addition of spironolactone or eplerenone to an ACE inhibitor, a beta
blocker, and possibly diuretics and digoxin is recommended in patients with
severe HF and in those with symptomatic LV systolic dysfunction following
an acute myocardial infarction. Renal function and serum electrolytes must
be checked periodically. The administration of an aldosterone receptor
antagonist should be avoided or stopped in patients with creatininaemia >
2.5 mg/dl, kalaemia > 5.0 mmol/l, or painful gynaecomastia.

Digoxin is indicated in HF in order to slow the ventricular rate when atri-
al fibrillation is present or to improve clinical status when symptoms persist
despite optimal ACE inhibition and diuretic therapy; there is no clear evi-
dence that the drug may be of value in patients on sinus rhythm receiving an
ACE inhibitor, a beta-blocker, and diuretics. Digoxin therapy is contraindi-
cated in the presence of bradycardia, advanced heart block, sick sinus syn-
drome, carotid sinus sy ndrome, Wolff-Parkinson-White sy ndrome,
hypokalaemia, or hypercalcaemia. Serum creatinine and potassium should
be assessed before initiating the treatment.

Adjunctive Pharmacological Therapies

Given the disappointing results that have emerged from large randomised
controlled trials on pure vasodilating, positive inotropic, and anti-arrhyth-
mic agents, there is no firm recommendation to use such classes of drug for
the treatment of HF. However, nitrates remain an essential pharmacological
tool to manage patients with concomitant angina or acute dyspnoea, and
felodipine and amlodipine represent an additional option for patients with
active ischaemic cardiomyopathy or arterial hypertension. Intravenous
inotropic support may be unavoidable to counteract severe episodes of wors-
ening HF or as a bridge to heart transplant in end-stage HF. The use of amio-
darone may be indicated in association with a beta-blocker to treat some
patients with atrial fibrillation/flutter or with non-sustained/sustained ven-
tricular tachycardia.

In HF patients with prior myocardial infarction, either aspirin or oral
anticoagulants are recommended as secondary prevention. Anticoagulation
therapy is also firmly indicated in HF patients with atrial fibrillation, a histo-
ry of previous thromboembolic events, or evidence of a mobile LV thrombus.
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Nonpharmacological Therapies

The prevention of sudden death in patients with HF continues to represent a
hard challenge since medical treatments have had only a limited impact on
this mode of death. Recent clinical trials have shown that ICD therapy
reduces the rate of mortality among patients resuscitated from a cardiac
arrest or with a history of sustained ventricular tachycardia poorly tolerated
and/or associated with low LVEF. There is also evidence that the use of ICD
as the primary prevention strategy improves the survival rate of patients
with NYHA class II–III symptoms and LVEF below 35%. Moreover, when
associated with biventricular pacing to treat ventricular dyssynchrony (QRS
width > 120 ms), the ICD has been shown to reduce all-cause deaths and/or
hospitalisations in patients with LVEF below 35% and NYHA class III–IV
symptoms. All these benefits observed with the ICD therapy are additive to
optimal pharmacological treatment, regardless of the aetiology of the car-
diac disease.

Given the high costs and the subsequent low availability of these devices,
it is necessary to define better their short-term and long-term cost-effective-
ness and also to refine the selection of patients who are likely to benefit most
from an ICD.

Treatment of Diastolic Heart Failure

There is little evidence from randomised controlled trials to support firm
recommendations for the treatment of patients with HF due to exclusive or
prevalent LV diastolic dysfunction.

ACE inhibitors, ARBs, beta-blockers, and verapamil-type calcium antago-
nists are useful to treat underlying conditions (myocardial ischaemia, arteri-
al hypertension) and have the ability to improve LV diastolic properties
through a number of different mechanisms; thus, there is the potential for
beneficial effects from the use of these drugs.

Digoxin may be indicated in patients with concomitant atrial fibrillation,
alone or in combination with a beta-blocker or verapamil. The administra-
tion of diuretics and nitrates may be necessary when episodes of fluid over-
load or acute dyspnoea occur, but they should be given cautiously in order to
avoid an excessive preload reduction, which in turn might lead to a critical
fall in cardiac output.
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How to Detect Dyssynchrony and How to Correct It

L. ASCIONE, M. ACCADIA, R. IENGO, S.E. RUMOLO, C. MUTO, M. CANCIELLO,
G. CARRERAS, B. TUCCILLO

Introduction

Despite remarkable advances, pharmacological treatment of heart failure suf-
fers from serious limitations and the prognosis of these patients remains poor
in terms of both mortality and morbidity [1]. In this context, cardiac resyn-
chronisation therapy (CRT) has recently been introduced to improve symp-
toms, functional capacity, and functional parameters of the left ventricle in
patients with heart failure that is refractory to optimal medical therapy [2, 3].

Patients with left ventricular systolic dysfunction and dilatation fre-
quently have ventricular conduction delays [4], usually manifested as left
bundle branch block (LBBB). This type of conduction abnormality is gener-
ally associated with delayed depolarisation and contraction of the lateral left
ventricular wall whereas the interventricular septum shows a normal (early)
contraction resulting in a paradoxical septal motion.

The abnormal activation sequence induced by LBBB changes regional
ventricular loadings, redistributes myocardial blood flow, and creates a
regional, non-uniform myocardial metabolism [5, 6]. The effects of this
electromechanical dyssynchrony may contribute to disease progression in
patients, with left ventricular systolic dysfunction revealing itself as an inde-
pendent predictor of an adverse outcome [4, 7].

CRT 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 implantation of pacemaker
and antiarrhythmic devices with level of evidence II A for patients with idio-
pathic or ischaemic cardiomyopathy, severe heart failure NYHA functional
class III or IV despite optimised medical therapy, left ventricular ejection
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fraction < 35%, QRS duration > 130 ms and left ventricular end-diastolic
diameter > 55 mm [8]. However, approximately 20% to 30% of patients do
not respond to this form of therapy, underscoring the need for additional
selection to identify potential responder [9].

Mechanical Dissynchrony

It has been recently shown that mechanical dyssynchrony is not necessarily
related to electrical dyssynchrony [10, 11]; furthermore, the major predictor
of response to CRT is the presence of mechanical dyssynchrony. These con-
siderations suggest that surface ECG may not be the optimal tool to detect
dyssynchrony, while new, non-invasive imaging techniques may provide
additional information for the selection of potential responders to CRT.
Radionuclide imaging has been shown to be useful in assessing interventric-
ular dyssynchrony, though the spatial and temporal resolution are limited
and a detailed evaluation of intraventricular dyssynchrony may not always
be possible. Cardiac magnetic resonance is a relatively luxurious investiga-
tion that is potentially useful to quantify regional wall motion and strain
rate when combined with a tagging technique, though further tests are need-
ed to evaluate this role. Echocardiography with its newer applications such
as Doppler tissue imaging, strain, and strain rate has partly solved most of
the aforementioned limitations of other imaging techniques and seems to be
the technique of choice to select candidates for CRT. Before discussing the
various echocardiographic approaches to detect asynchrony, the various
forms of dyssynchrony are listed below.

Types of Mechanical Dyssynchrony

Atrioventricular Dyssynchrony

An abnormal conduction of the AV node results in:
- A delay between atrial and ventricular contraction
- Mitral valve incompetence with occurrence of late diastolic regurgitation
- Shortened ventricular filling time, limiting net diastolic stroke volume
- Often, immediate occurrence of atrial systole with early passive filling,

hence reducing left ventricular filling

Interventricular Dyssynchrony

Altered electrical activation in patients with LBBB results in a delayed left
ventricular contraction and relaxation compared with the right ventricle.
This asynchronous right–left ventricular contraction and relaxation may
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produce dynamic alterations in trans-septal pressure and volume that may
cause abnormal septal motion, resulting in altered regional ejection fraction
with a reduced interventricular septal contribution to global left ventricular
performance [12].

Intraventricular Dyssynchrony

A disorganised left ventricular contraction generates regions of both early
and delayed contraction, reducing left ventricular performance, since early
contraction occurs when pressure is low and does not lead to ejection while
the late contraction occurs at higher stress and results in paradoxical stretch
of early-contracting segments [13].

Echocardiographic Assessment of Dyssynchrony

Atrioventricular Dyssynchrony

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 closure [14]. This approach is widely accepted as
a simple method by which to optimise atrioventricular delay, even if it is not
clear whether atrioventricular timing optimisation is needed or whether an
atrioventricular delay of 100 or 120 ms would be appropriate for all patients.

Interventricular Dyssynchrony

The asynchronous right–left ventricular contraction can be evaluated (Fig. 1)
by assessing the extent of interventricular mechanical delay, defined as the
time difference between left and right ventricular pre-ejection intervals
(IVMD). A value of IVMD of 40 ms or greater is considered indicative of
interventricular dyssynchrony, and in the MIRACLE trial this index of inter-
ventricular dyssynchrony was reduced by 19% after CRT [15, 16]. Tissue
Doppler imaging was also used to demonstrate interventricular dyssyn-
chrony; Yu et al. found a large mechanical delay between the free right ven-
tricular wall and the lateral wall of the left ventricle, which was completely
reversed after CRT [17].

Intraventricular Dyssynchrony

Among the various forms of mechanical dyssynchrony, intra-left-ventricular
electromechanical asynchrony seems to be the most important since it
reflects the mechanical dispersion of motion within the left ventricle; fur-
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thermore, it has recently shown that it is an independent predictor of cardiac
events in heart failure patients [18, 19].

Several echocardiographic methods have been proposed to assess intra-left-
ventricular dyssynchrony, both with conventional echocardiography and with
newer echocardiographic methods. Using an M-mode recording from the
parasternal short axis view, Pitzalis et al. demonstrated that a value of 130 ms
or greater of the septal-to-posterior wall motion delay is a marker of intraven-
tricular dyssynchrony predicting reverse remodelling with high accuracy [20].
This method is simple but has only been employed in patients with very long
QRS duration where the timing of isovolumic contraction of the anterior sep-
tum is compared to the contraction of the posterior wall during the ejection
phase (Fig. 2); furthermore, this electromechanical delay frequently cannot be
determined, either because the septum is akinetic after a large anterior infarc-
tion or because the maximal posterior motion is not well defined.

Tissue Doppler imaging (TDI) has proved an useful tool for non-invasive
analysis of the left ventricular activation–contraction sequence on a regional
basis, because of its high spatial (< 1 mm) and temporal (<100 Hz) resolu-
tion. Unfortunately, consensus on which TDI measurements should be used,
and where to place the region of interest, has not yet been achieved; in fact,
at least three different approaches for the assessment of intra-left-ventricu-
lar dyssynchrony have been proposed by the various groups that have evalu-
ated TDI in the CRT context (Fig. 3). Some groups analyse the basal left ven-
tricle in two orthogonal planes (anteroposterior and septal—lateral) and
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ventricular mechanical delay by
Doppler echocardiography. The
right and left ventricular pre-
ejection intervals are measured
from the onset of QRS to the
onset of aortic and pulmonary
outflow



focus on early systole, measuring the regional difference between the onset
of the QRS complex and the onset of systolic movement [18, 21]; on the other
hand, the method used by Søøgard et al. focuses on late or post-systolic lon-
gitudinal contraction at the base of left ventricle [22]; while Yu et al. evaluate
the regional difference between the interval from QRS onset to peak systolic
velocity of both basal and middle left ventricular segments in a 12-segment
model [17]. Results may be completely different depending on which one of
these approaches is used.
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ventricular cavity in heart failure patient with
left bundle branch block. A clear delay be-
tween peak systolic septal and posterior wall
inward motion is observed

Fig. 3. Tissue Doppler curves taken from the basal septum and lateral wall in a patient
with intra-left-ventricular dyssynchrony



One of the most important limitations of TDI analysis with velocity
imaging is its inability to determine whether the motion represents contrac-
tion or is merely passive. To overcome these limits, strain and strain rate, two
new imaging modalities, have been recently introduced into clinical practice.
Using digitally stored, colour-coded tissue Doppler images, it is possible to
obtain, off line, information regarding regional myocardial deformation, a
property of particular importance in identifying the ideal CRT responder.
Strain analysis allows direct assessment of the degree of myocardial defor-
mation during systole and is expressed as the percentage of segmental short-
ening or lengthening in relation to its original length (Fig. 4), while strain
rate measures the rate of local deformation and is expressed in centimetres
per second (Fig. 5). Compared with TDI, the main advantage of strain rate
imaging resides in its better differentiation between active systolic contrac-
tion and passive displacement, which is of particular importance in
ischaemic patients with scar tissue [23, 24]. However the clinical applicability
of this imaging modality is still limited by the acoustic artefacts, angle
dependency, and a poor signal-to-clutter ratio, which render the image
acquisition and analysis process tedious and time-consuming, decreasing its
reproducibility and widespread use.
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Echocardiography to Optimise Lead Positioning

The aim of CRT is early contraction of the most delayed left ventricular
myocardial segments to improve left ventricular myocardial synchrony. In
order to maximise the haemodynamic effect, it is of paramount importance
to know the site of the latest mechanical activity. Ansalone et al. have shown
that the most delayed wall is the lateral one (35%), followed by the anterior
and posterior regions (26% and 23%), while the inferior wall and the septum
infrequently show the latest mechanical activity; furthermore, these authors
demonstrated that biventricular pacing provided additional benefit when
applied at the most delayed site [25].

Conclusions

The response to CRT is largely determined by the baseline degree of inter-
and intraventricular dyssynchrony, and echocardiography seems to be the
ideal technique by which to identify responders to CRT. At present the defini-
tion of echocardiographic indices of ventricular dyssynchrony is undergoing
intense research, and several indices have been proposed that may or may
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not prove useful in a prospective evaluation. It is time for a prospective trial
to evaluate these different parameters with regard to their impact on the effi-
cacy of CRT. These data will provide a better basis for the clinical decision as
to which heart failure patients are likely to benefit from this new form of
therapy.
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Advancements in ‘Over-the-Wire’ Versus Stylet-Guided Left
Ventricular Leads

S. BOVEDA

Coronary Sinus and Target Vein Anatomy

It is now well known that cardiac resynchronisation therapy (CRT) achieved
by biventricular pacing improves haemodynamics in advanced heart failure
patients with interventricular and/or intraventricular dyssynchrony. The
delivery of CRT is still challenging, as transvenous access to the left ventricle
through the coronary sinus tributaries is required. When this technique was
first introduced, stylet-delivered shaped leads were used for the left ventricu-
lar pacing, but the implantation success rate (around 90%) was very depen-
dent on the coronary sinus anatomy, and on the access to and diameter of the
lateral vein.

The usual anatomy of the coronary sinus consists of three groups of
veins, designated according to their localisation along the left ventricle as
posterior, lateral, and anterior. In fact, the coronary sinus configuration
varies greatly from patient to patient. In some, there is no lateral vein.
Sometimes, there is only a posterolateral or an anterolateral vein. Vessels
may be large, medium-sized, or very small. In addition, left ventricular lead
placement is performed by a retrograde approach, and the presence of
venous valves or spasm phenomenon can make the progression very diffi-
cult.

For all these reasons, the left ventricular lead should be selected after a
venogram has been performed, since the choice will depend on the size, tor-
tuosity, and angulation of the target vein with the coronary sinus. To
improve the implantation success rate, the industry proposes a range of
stylet- and over-the-wire-guided leads to suit all venous anatomies [1]. Over-
the-wire leads will be used in the case of small or medium-calibre tortuous
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veins or when there is acute angulation with the coronary sinus. By contrast,
stylet leads will be more appropriate for medium-sized and large straight
veins and an open angle with the coronary sinus.

Angioplasty Technology: Over-the-Wire LV Leads

This great variability of the coronary sinus anatomy led to the development
of a novel ‘over-the-wire’ approach, combining a standard pacing lead and
angioplasty technology. The technique is based on shaped sheaths for coro-
nary sinus catheterisation and angiography, and guide wires for the left ven-
tricular lead [1]. The sheaths must be smooth and flexible, to avoid coronary
sinus dissection. A special venography balloon catheter is inserted into the
sheath to perform a coronary sinus angiogram that will help in identification
of the target vein and thus in the selection of the most appropriate left ven-
tricular lead. Then, using angioplasty techniques and tools, the left ventricu-
lar lead will be driven to the target vein using the inner stylet for a classical
shaped lead, or a special guide wire for an over-the-wire left ventricular lead.
After placement of the left ventricular lead, the sheath is removed by cutting
(Medtronic, Biotronik), peeling (St. Jude Medical), or just dragging it away
(Guidant, Ela Médical) all along the lead.

This logical approach to reaching the target vessel in the coronary sinus
has interested many interventional cardiologists specialising in coronary
angioplasty. They have adapted their skill, performing coronary vein balloon
angioplasty and evolving new solutions for difficult cases.

Over-the-Wire/Stylet LV Leads

These over-the-wire systems have been improved more recently with new
active fixation mechanisms and steroid-eluting leads to provide better pac-
ing thresholds [2]. Among the recent advancements may be mentioned the
distal tip silicone seal designed to reduce blood ingress into the lumen.

Some over-the-wire leads have no shape and a passive classical (Guidant
Easytrak 1 and 2) [3] or active silicone screw (Ela Médical) fixation system
on the distal tip. In many cases (Medtronic, Biotronik, St. Jude Medical,
Guidant Easytrak 3) the leads have an angled lead body with two or more
distal curves (Medtronic, St. Jude Medical) or a helix (Biotronik, Guidant
Easytrak 3) for a better stability inside the vein.

Many over-the-wire leads can also be stylet-delivered (Medtronic, St. Jude
Medical, Biotronik), depending on the configuration of the target vein. The
Medtronic 4193 lead has a 4F flexible lead body for easier implantation in the
small veins. One of the problems of these over-the-wire thin leads is the risk
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of phrenic nerve stimulation because of their placement in the distal part of
the vein. In this situation, it is necessary to withdraw the lead until phrenic
nerve stimulation stops.

Finally, all left ventricular leads have the standard IS-1 connection, except
the Guidant Easytrak leads (original LV1 connection) [3].

Results

As has been demonstrated by Boriani et al. [4], it is obvious that CRT proce-
dures require a learning curve, and the implant success rate increases dra-
matically from 52% in inexperienced hands to more than 90% in trained
teams. There is also an improvement in the success rate when the implanter
uses the complementarity of the left ventricular lead range: from 91.6% with
over-the-wire leads only, up to 94.1% success when stylet and/or over-the-
wire leads are used. This means that comprehensive knowledge of CRT tools
and leads is necessary to achieve a success rate of 90% or more, which seems
to be the goal at present. However, despite this, experience remains the most
important factor of success.

Unfortunately, we know that in a small group of patients (around 5%) CRT
is impossible to achieve. Peculiarities of anatomy are the main reasons for
unsuccessful attempts, leading to inability to access the coronary sinus ostium
or the coronary vein, or dislodgement or unstable positioning of the lead.

The electrical performances of over-the-wire left ventricular leads are
similar to those observed for right ventricular leads, except for the pacing
threshold, which is usually higher, around 1.5 V in our experience (Table 1).
In addition, left ventricular pacing thresholds are not significantly different
between over-the-wire- and stylet-delivered leads [5].

We compared the data of the MIRACLE [6] and InSync III [7] studies to
assess whether there was an improvement in implantation success rates and
complication rates with increased experience and the introduction of new
left ventricular lead technologies. In each study, investigators were asked to
first attempt the implant with a selected lead: the Attain 2187 (stylet-deliv-
ered) for the MIRACLE and the Attain 4193 (over-the-wire-guided) for the
InSync III study. If unsuccessful, they could use other leads included in the
protocols. Performance comparisons were made between the MIRACLE and
the InSync III studies, both of which used CRT-only devices (Table 2). It is
very interesting to observe that implantation success rate improved with
experience. However, there was a highly significant decrease in implantation
time and fluoroscopy time with the InSync III study which can be attributed
to implanter experience and the addition of the over-the-wire lead (Fig. 1).
Finally, perioperative complications decreased significantly with the addition
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of the Attain over-the-wire lead in InSync III (Table 3). These data suggest
that an over-the-wire lead should be implanted primarily in order to signifi-
cantly reduce procedure duration, fluoroscopy time, and the risk of perioper-
ative complications.

It seems likely that implanter experience and coronary sinus anatomy
have a strong impact on procedure times and outcomes.
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Figure 1 : Median Implant Time with Interquartile Range
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Table 1. Experience at the Clinique Pasteur, 2003-2004

CRT implants 2003-2004 

Enrollment period January 2003 – December 2004

OTW vs stylet LV leads (%) 100% vs 0%

Implant attempts 128

Successful implants (% success rate) 122 (95%)

Number of patients needing 2 procedures 5 (4%)

Mean procedure time (min) 92 ± 53

Complicationsa 14 (11%)

Mean LV pacing thresholds (V) 1.53

a Complications: phrenic stimulation (n = 5), lead dislodgement (n = 4), > 5-V thresh-
olds (n = 3), haematoma/infection (n = 2)



Complications

Potential risks during the CRT procedure include complete heart block by
traumatic right bundle branch block, induction of atrial or ventricular
arrhythmias, and, especially, the risk of coronary sinus perforation or dissec-
tion with a pericardial effusion. During the perioperative period the most
common complications are left ventricular lead dislodgement, phrenic nerve
stimulation, and left ventricular high pacing thresholds.

In our experience, we reported an 11% rate of global complications (see
Table 1). The global complication rate in the MIRACLE study was 16% and in
the InSync III study it was 9% (Table 3). These data confirm that CRT
remains a risky procedure.
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Table 2. Over-the-wire or stylet guiding lead?

MIRACLE InSync III

Enrollment period November 1998 November 2000
December 2000 June 2002

Primary Attain LV lead 2187 (97.5%) 4193 (88.9%)
reference number (% used)

Generator model used InSync 8040 8042

Implantation attempts 571 422

Successful implantations 528 397

P = n.s.

Table 3. Which lead is safer?

MIRACLE InSync III

Primary Attain LV lead 2187 (97.5%) 4193 (88.9%)
reference number (% used)

Successful implants 528 397
Procedure-related deaths (%) 2 (0.4) 1 (0.2)

Patients with perioperative 19 (3.3)* 5 (1.2)*
LV lead complications (%)

Patients with postoperative 39 (7.4)* 16 (4.0)*
LV lead complications (%)

Patients with LV lead 26 (4.9) 15 (3.6)
dislodgement (%)

* P≤ 0.05



Conclusions

Although the implantation success rate does not differ significantly between
over-the-wire and stylet leads, procedure duration, fluoroscopy time, and
perioperative complication decrease when an over-the-wire left ventricular
lead is primarily implanted by experienced teams. This novel lead, some-
times combined with coronary vein angioplasty [8, 9], represents a decisive
improvement of the technique, especially for pacing of the left ventricle in
the optimal spot. Despite all these efforts, a 100% success rate will probably
never be reached by the endovascular approach. A surgical approach via a
minimally invasive thoracotomy should be considered for those 5% of
patients in whom endovascular CRT device implantation has failed.
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Assessment of Diastolic Function in Heart Failure and Atrial
Fibrillation

S. CARERJ, S. RAFFA, C. ZITO

In the past three decades, Doppler echocardiography has emerged as a non-
invasive alternative to cardiac catheterisation for evaluating haemodynamic
variables [1]. A well-performed Doppler examination is able to provide as
accurate data as conventional cardiac catheterisation does.

Diastolic function of the left ventricle (LV) plays a relevant role in pro-
ducing the signs and symptoms of heart failure (HF) in cardiac diseases, the
end result of which is the elevation of left ventricular pressure per unit vol-
ume of blood entering the LV [2–5]. This elevated filling pressure increases
left atrial pressure, which is reflected back to the pulmonary circulation and
causes symptoms of shortness of breath and signs of pulmonary congestion.
Because of the complexity of the multiple interrelated events that comprise
diastolic filling of the heart, assessment of LV diastolic function was in the
past limited to the catheterisation laboratory, where complex measurements
of pressure–volume relations and rates of decrease in pressure from high-
fidelity pressure curves were used [6].

It has been speculated that Doppler echocardiography could be used to
assess diastolic filling and function of the LV non-invasively [7, 8].
Kitabatake et al. [9] in 1982 described the different flow velocity curves that
occur in different disease states from Doppler interrogation of transmitral
flow. Multiple investigations in both animals and humans followed and pro-
vided insight into the interpretation of these flow velocity patterns [10, 11].
The mitral flow velocity curves can be viewed as determined by the relative
driving pressure across the mitral valve from the left atrium to the LV. There
is an initial rapid acceleration of flow as left ventricular pressure drops
rapidly below left atrial pressure during ventricular relaxation (measured as
the E wave velocity). As the LV fills in early diastole, there is a rise in pres-
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sure that exceeds the left atrial pressure, causing a deceleration of flow. The
rate of deceleration of flow is measured as the mitral E wave deceleration
time and is dependent mainly upon the effective operating compliance of the
LV. During mid-diastole there is equilibration of left ventricular and left atri-
al pressures, with a low velocity of forward flow as a result of inertial forces.
Finally, at atrial contraction there is a re-acceleration of transmitral flow as
left atrial pressure rises above left ventricular pressure (measured as the A
wave velocity). These flow velocity curves are dependent on multiple intrin-
sic factors that include the rate of left ventricular relaxation and elastic
recoil (diastolic suction), left atrial and left ventricular compliance, and left
atrial pressure, as well as varying patient conditions such as load, age, and
heart rate [10, 11].

It has already been shown in experimental models of HF [12] that there is
also a progression of abnormal diastolic patterns that occurs over time with
cardiac diseases. In the early stage of dysfunction, impaired relaxation of the
LV dominates, which decreases early diastolic filling although filling pres-
sures remain normal in the rest state. This is reflected by a decrease in the
initial E wave velocity, prolongation of E wave deceleration time, and
increased proportion of filling due to atrial contraction. With disease pro-
gression, left atrial pressure rises, which increases the driving pressure
across the mitral valve. This is accompanied by a gradual increase in E wave
velocity and a decrease in effective operating compliance of the LV, which
shortens the mitral E wave deceleration time. In advanced stages of disease,
there will be even higher pressures, a higher E/A ratio, and a very abbreviat-
ed mitral deceleration time. This concept of a progression of the mitral flow
velocity curves with worsening disease has a clinical application: the prog-
nosis of patients with either dilated or infiltrative cardiomyopathy is indicat-
ed by a short mitral deceleration time, with values below 140 ms indicating a
poor outcome, independently of the degree of systolic dysfunction [13, 14].
Furthermore, non-invasive assessment of left ventricular filling pressures in
HF patients would be of great value in assessing their degree of left ventricu-
lar dysfunction and monitoring the effect of unloading therapies. Previous
studies have shown that this can be estimated by combining various Doppler
echocardiographic variables [10, 15–17]. Patients with atrial fibrillation (AF)
have, however, been excluded from these studies, limiting the applicability of
such estimates to patients in sinus rhythm.

It has been shown that in patients with HF and sinus rhythm elevated left
atrial pressures can compensate for delayed left ventricular relaxation, thus
increasing early diastolic mitral flow velocity and its deceleration and
decreasing isovolumic relaxation time. High left atrial pressure before atrial
contraction together with a stiff LV shortens and reduces mitral flow velocity
wave at atrial contraction. This leads to the so-called pseudo-normal and
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restrictive patterns that in HF patients are reliable indexes of elevated left
ventricular filling pressures. Pulmonary venous flow in sinus rhythm
patients shows a triphasic pattern which is predominantly related to left atri-
al function and reflects the oscillations of left atrial pressures [18]. Thus, the
systolic forward flow velocity is determined by the combined backward
effect of the decrease in left atrial pressure, due to both left atrial relaxation
and mitral annulus descent, and the forward propagation of systolic right
ventricular pressure [19]. The diastolic forward flow velocity, which occurs
when the mitral valve is open and the left atrium behaves as a passive con-
duit, slightly follows and is closely related to early diastolic mitral flow veloc-
ity. The reverse diastolic flow velocity wave is determined by atrial contrac-
tion and its duration depends mainly on left ventricular compliance. In
patients with HF and sinus rhythm, when the left atrial pressure is high (and
left atrial compliance is reduced) the systolic flow velocity is blunted; the
diastolic forward flow velocity is high and its deceleration is rapid; the
reverse flow is prolonged and its duration exceeds that of forward mitral
flow at atrial contraction.

Unfortunately, approximately 20% of patients with chronic HF have AF
[20, 21]. When AF is present, the loss of atrial contraction and of ventricular
rate control affects both mitral and pulmonary venous flow and the relation-
ship between Doppler variables and left ventricular filling pressure becomes
more complicated. When AF occurs, the active atrial contraction is lost, so
that the whole blood volume filling the LV is detected in a monophasic E
wave. At the same time Doppler recording of pulmonary venous flow shows a
loss of the late diastolic reverse flow. Loss of the active left atrial relaxation
causes the disappearance of the first component of the systolic forward flow
velocity. Besides these effects on left ventricular and atrial filling due to the
loss of an active atrial contraction, irregular cardiac cycle lengths produce
marked beat-to-beat variations in both mitral and pulmonary venous flow
velocities.

Despite all these differences between Doppler echocardiographic findings
in patients with sinus rhythm and AF, a relatively accurate estimation of pul-
monary capillary wedge pressure (PCWP) can be achieved in HF patients
who are in AF. In particular, in patients with AF, indexes of early left ventric-
ular diastolic filling, i.e. isovolumic relaxation time, deceleration time, and
deceleration rate, and the systolic fraction of pulmonary venous flow are
almost as strongly correlated with PCWP as they are in patients with sinus
rhythm [22, 23]. Temporelli et al. [24] have recently found that a value of 120
ms in E wave deceleration time seems to be the best cut-off point in predict-
ing high values of PCWP in HF patients with AF, the sensitivity and specifici-
ty of a mitral E wave deceleration time below 120 ms in predicting PCWP
above 20 mmHg being 100% and 96%, respectively.
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AF is characterised by an irregular heart rate that produces beat-to-beat
variations in contractility, preload, after-load, and mitral regurgitation,
which leads to increased variability in Doppler measurements. To minimise
this problem it would be preferable to investigate patients when they are
receiving optimal medical therapy including medications that are able to
reduce sufficiently (and synchronise as much as possible) their ventricular
heart rate. Moreover, short cardiac cycles (< 600 ms) should not be analysed
because they are often associated with fusion of pulmonary venous flow
waves. The optimal number of beats to be analysed and averaged for Doppler
measurements of diastolic function in AF should be approximately three
times that necessary in sinus rhythm, i.e. from 5 to 10.

Problems related to variability of haemodynamic conditions in HF
patients with AF may constitute a limit of flow Doppler; furthermore, to
obtain meaningful data, a strict and time-consuming methodology must be
followed, which may limit the everyday application of this parameters in a
busy clinical practice.

In order to limit the load dependence of flow Doppler measurements on
left ventricular diastolic function, new methods have recently been intro-
duced. Nagueh et al. [25] found that peak acceleration of the E wave (PkAcc),
isovolumic relaxation time, deceleration time of the E wave, and the ratio of
E velocity to propagation velocity (E/Vp) were strongly related to left ven-
tricular filling pressure. In particular, the velocity of propagation of the early
inflow from the LV base to the apex (Vp), determined using colour M-mode,
correlated well with the time constant of isovolumetric left ventricular relax-
ation (τ) [26]. In patients with abnormal left ventricular relaxation and ele-
vated left ventricular end-diastolic pressure, filling flow propagation is
rapidly attenuated in spite of the increased early transmitral velocity.
Therefore, as the severity of HF increases, the E/Vp also increases and may
be a more sensitive index than E velocity or Vp alone. Recently Oyama et al.
[27] found that a cut-off value of E/Vp of 1.7 was able to predict with accept-
able accuracy the presence of high PCWP (> 15 mmHg) in HF patients with
AF.

Tissue Doppler imaging has recently become a common tool of modern
ultrasound systems. This allows the recording of myocardial contraction and
relaxation velocities. The early diastolic mitral annular velocity (Ea) has
been shown to be a relatively load-independent measure of myocardial
relaxation in patients with cardiac disease [28]. When tissue Doppler imag-
ing is combined with pulsed Doppler transmitral flow in early diastole (E),
the resultant E/Ea ratio has been correlated with left ventricular filling pres-
sure measured invasively in patients with sinus rhythm [29]. E/Ea values
above 15 have been shown to be highly predictive (sensitivity 92%, specifici-
ty 90%) of a PCWP greater than 15 mmHg in patients with depressed ejec-
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tion fraction and sinus rhythm [30]. In conclusion, Doppler echocardiogra-
phy is now well accepted as a reliable and reproducible method for assessing
diastolic function in various cardiac diseases. Several studies have demon-
strated that left ventricular pressure and mean PCWP can be estimated from
variables of mitral and pulmonary venous flow. In particular, an excellent
inverse correlation has been found between the deceleration time of trans-
mitral E wave and PCWP in patients with severe left ventricular dysfunction
and sinus rhythm. In the case of HF patients with AF, however, few data have
been published so far. The presence of irregular rhythm associated with high
variability of haemodynamic conditions and absence of atrial contraction
constitute an obstacle to the accurate evaluation of left ventricular diastolic
function by means of flow Doppler imaging. Tissue Doppler imaging could
be of great utility in this particular clinical setting thanks to its relative load-
independence. Further clinical studies are needed in order to assess the value
of tissue Doppler variables in estimating left ventricular filling pressures and
to compare them to flow Doppler parameters in HF patients with AF.
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Is CRT Useful in Patients with Atrial Fibrillation?

L. PAPERINI, M. CARLUCCIO, E. PARDINI

The Scale of the Problem

Despite improvements in the medical therapy of chronic heart failure (CHF)
some patients remain refractory to full medical treatment, with limited ther-
apeutic options and poor prognosis. Cardiac resynchronisation therapy
(CRT) by biventricular pacing has recently been demonstrated to represent a
valuable therapeutic strategy in improving the clinical course of patients
with advanced heart failure and intraventricular conduction delay [1–5].

Atrial fibrillation (AF) is common in patients with CHF and its incidence
increases with the severity progression of the syndrome. In all CHF patients,
the prevalence of permanent AF is relatively high (approximately 20%) [6],
but it may reach 40% in patients with advanced heart failure [7]. From an
epidemiological point of view, AF in CHF is a relevant clinical problem. In
fact the incidence of both CHF and AF markedly increases in the elderly, so
that in the light of the ageing population these two diseases have been called
‘the new epidemics’ of cardiovascular disease. However, the prognostic sig-
nificance of AF in the CHF population remains the subject of controversy.
While Middelkauf et al. [7] in 1991 reported an increased mortality associat-
ed with AF in CHF patients, more recent data [8, 9] did not support the con-
cept that the presence and/or development of AF correlates independently
with an adverse outcome during long-term follow-up. The usually observed
higher mortality in AF patients seems to be related to factors other than, but
related to, AF (i.e. age, left ventricular ejection fraction, NYHA class, and
serum urea) and closely linked to haemodynamic control of the syndrome.
Therefore the improvement in heart failure therapy might significantly
reduce the prognostic impact of this pathological rhythm on CHF patients.
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Multivariate models may possibly underestimate the true effect of the
arrhythmic disturbance. AF, per se, may lead to haemodynamic and patho-
logical changes interacting with heart failure prognosis: loss of atrial contri-
bution, irregular ventricular filling, and inappropriately high ventricular
rates (particularly during exercise) [8]. As a consequence, left ventricular
ejection fraction (EF), exercise capacity, and peripheral perfusion decrease,
worsening signs and symptoms of heart failure and NYHA functional class.

CRT has been shown to improve left ventricular contractile function and
symptoms in CHF patients by reversing intraventricular dyssynchrony, opti-
mising ventricular filling, and reducing mitral regurgitation [10]. Most pub-
lished studies testing biventricular pacing excluded patients with chronic AF,
so that few data exist for this subset of patients [1–5]. As approximately 40% of
potential candidates for biventricular pacing were in AF, controlled data vali-
dating the efficacy of CRT in such patients are required in order to avoid
excluding a large part of the CHF population from the benefits of this therapy.

Candidates for CRT Among AF Patients: Open Questions

We will discuss data from the literature in relation to three main subsets of
patients with AF and potential indication for CRT:
1. Patients with CHF and primary indication for permanent ventricular

pacing owing to spontaneous slow ventricular rate or for atrioventricular
(AV) nodal ablation for control of heart rate. In this group, haemodynam-
ic and observational [11–14] studies suggest an additional benefit of
biventricular (or left ventricular) over right ventricular pacing.

2. Patients with advanced heart failure, AF, and chronic right ventricular
apical pacing. In these patients, upgrading the pacing system to a biven-
tricular one provides cardiac resynchronisation and improves ventricular
performance, quality of life, and symptoms of heart failure in the same
manner described in patients with sinus rhythm and interventricular
conduction delay who undergo biventricular pacing [15].

3. Patients with advanced heart failure and AF candidates for CRT as sup-
plemental non-pharmacological therapy in refractory heart failure. Data
in this field are sparse and probably non-conclusive as few randomised
studies have been conducted [16–22].

Haemodynamic Studies

Haemodynamic studies investigate the short-term changes in left ventricle
(LV) mechanics during different stimulation modalities under controlled
conditions. Patients with AF provide an optimal model for examining the
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isolated effect of biventricular pacing on ventricular performance indepen-
dently of any AV timing considerations. By eliminating the confounding fac-
tor of AV conduction on LV haemodynamics during pacing one may
attribute any change during different pacing modes to a ‘pure’ effect of stim-
ulation on LV function [23].

In a small series, Etienne et al. [11] assessed the acute haemodynamic
effect of biventricular pacing in patients with severe heart failure and AF.
Patients with congestive heart failure and sinus rhythm served as control
group. The 11 patients with AF, compared with 17 patients in sinus rhythm,
exhibited comparable acute haemodynamic effects of biventricular pacing in
terms of capillary wedge pressure reduction, V wave amplitude reduction,
and rise in systolic blood pressure (Fig. 1). These data support the hypothe-
sis that biventricular pacing may be beneficial in patients with severe cardiac
failure and intraventricular conduction disease, regardless of whether the
patients are in sinus rhythm or in AF.

Similar results were recently reported by Hay et al. [12] in nine patients
with heart failure, low EF, chronic AF, and AV nodal block (six patients with
AV node ablation). This acute haemodynamic study compared biventricular-
based to right univentricular pacing (apex or outflow tracts) at 80 and 120
bpm. Biventricular pacing significantly improved both systolic (dP/dtmax 983
± 102 vs 810 ± 83 mmHg/s, P < 0.05) and diastolic ventricular function
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Fig. 1. Acute haemodynamic effects of biventricular pacing in patients with heart failure
and atrial fibrillation or sinus rhythm. SBP, systolic blood pressure; V, V wave amplitude;
CWP, capillary wedge pressure. (Data from [11])
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(isovolumetric relaxation). Similar results were obtained for both methods of
heart rate pacing and were not influenced by a right ventricular pacing site.

Another recent acute haemodynamic evaluation was conducted by
Simantirakis et al. [13] in 12 patients who had undergone ‘ablate and pace’
therapy with biventricular pacemaker implantation [24] for drug-refractory
AF. With a conductance catheter left ventricular pressure–volume loops were
analysed to evaluate LV mechanics during apical right ventricular versus left
ventricular pacing (left free wall or biventricular). The results confirm the
superiority of left ventricular-based pacing in terms of contractile function
and left ventricular filling.

Puggioni et al. [14] tested the hypothesis that left ventricular pacing was
superior to right ventricular apical pacing after AV junction ablation. An
acute intrapatient echocardiographic evaluation of LV performance parame-
ters (EF and mitral regurgitation) and QRS width demonstrated in 44
patients the superiority of left ventricular pacing compared with right ven-
tricular pacing in improving EF (EF% 43 ± 14.2 vs 40 ± 14.9, P < 0.002)
and decreasing mitral regurgitation (MR score 1.5 ± 0.7 vs 1.8 ± 0.9,
P < 0.001) and QRS width (178 ± 36 vs 187 ± 39 ms, P < 0.04). A signifi-
cant finding of this study was that AV ablation appeared acutely to improve
EF with both pacing modalities, although left ventricular-based pacing
would give an additive favourable haemodynamic effect.

In summary, published data support the hypothesis of an acute superiori-
ty of biventricular versus right apical pacing in terms of LV mechanics.
Acute haemodynamic data represent the basis for verifying a possible bene-
ficial clinical effect of such therapy in heart failure patients with chronic AF.

Clinical Data

Few data support the hypothesis that re-synchronising a left ventricle dys-
synchronised by right pacing may produce a clinical benefit on heart failure
patients with AF. Leon et al. [15] evaluated 20 patients with severe heart fail-
ure, permanent AF, prior AV nodal ablation, and at least 6 months of right
ventricular apical pacing. All patients underwent upgrading of the pacing
system from right ventricular only to biventricular. Evaluated after a mean
follow-up of 17 months, patients showed a significant reduction of NYHA
functional class and number of hospitalisations and a significant improve-
ment of Minnesota Quality of Life scores (Table 1). These results provide evi-
dence that upgrading to biventricular pacing of patients with CHF, AF, and
right ventricular apical pacing reverses asynchrony and improves ventricular
performance and quality of life.

Although a robust series of haemodynamic preliminary data support a
beneficial effect of biventricular pacing on left ventricular performance, few
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data are available about the long-term effect of permanent biventricular
stimulation in patients with advanced heart failure, AF, and no primary indi-
cation for pacing. Moreover, all the haemodynamic data were obtained in
patients without severe heart dysfunction.

In a preliminary report by Leclercq et al. [16] chronic biventricular pac-
ing significantly improved exercise tolerance and NYHA functional class
after a mean follow-up of 14 ± 9.4 months in 15 patients with advanced
CHF and AF. The results in this subset of patients closely resembled those
obtained in patients with normal sinus rhythm.

The only randomised trial which tried to assess the clinical efficacy and
safety of CRT in patients with chronic AF was the MUSTIC study [17], a sin-
gle-blind, randomised, controlled, cross-over study enrolling 59 NYHA class
III patients with left ventricular systolic dysfunction, chronic AF, slow ven-
tricular rate requiring permanent ventricular pacing (63% after AV nodal
ablation), and wide QRS complex (paced width > 200 ms). The primary
end-point was the 6-min walked distance, while secondary end-points were
peak oxygen uptake, quality of life, hospitalisations, and patients’ preferred
study period in relation to the different stimulation modes. The intention-to-
treat analysis showed no statistically significant difference as to either pri-
mary or secondary end-points between conventional right ventricular and
biventricular pacing. The statistical power of the study was, however, greatly
limited by a high drop-out rate, so that only 37 patients completed the cross-
over phases. An important reason for this – probably underestimated when
the study was being designed – was the potential deleterious haemodynamic
effect of right univentricular pacing during the (6- to 12-week) observation
period. In the analysis of the 37 patients in whom therapy was effectively
delivered (a pacing percentage > 75% at 24-h Holter ECG recording), a sig-
nificant improvement of both 6-min walked distance and peak VO2 uptake
was revealed during biventricular pacing. The authors therefore concluded
that, with all the methodological limitations imposed by the study design,
‘effective’ biventricular pacing seems to improve exercise tolerance in this
group of patients. Long-term analysis of biventricular pacing results in AF
MUSTIC patients confirmed positive and stable effects over 12 months of
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Table 1. Effect of upgrading to biventricular pacing in patients with heart failure, atrial
fibrillation, prior junctional ablation, and right ventricular pacing [15]

Baseline Follow-up P

NYHA functional class 3.4 ± 0.5 2.4 ± 0.6 < 0.001

Hospitalisations (number) 1.9 ± 0.8 0.4 ± 0.6 < 0.001

Quality of life (Minnesota score) 78 ± 24 52 ± 23 < 0.01



follow-up in terms of quality of life [18] and echocardiographic measure-
ments of left ventricular reverse remodelling [19].

A not yet published study, PAVE, a controlled, randomised study, evalu-
ates biventricular pacing after AV nodal ablation in patients with AF whatev-
er their left ventricular systolic function or NYHA functional class [20]. The
primary end-point is exercise capacity as measured by the distance walked
during the 6-min walk test. Secondary end-points are functional capacity as
measured by peak VO2 during cardiopulmonary exercise testing and health-
related quality of life as measured by SF-36 score. One hundred and two left
ventricular and 82 right ventricular randomised paced patients were evaluat-
ed for 6 months. In patients with chronic AF treated with AV nodal ablation,
biventricular pacing produces a statistically significant improvement in
functional capacity over right ventricular pacing as measured by the 6-min
walk test, peak VO2 (Fig. 2) and exercise duration. Most of the benefit results
from a progressive improvement of functional capacity in the biventricular
group as compared to the right ventricular group. Therefore, the results of
the PAVE study suggest that biventricular pacing should be the preferred
mode of pacing in patients undergoing AV nodal ablation for control of
chronic AF.
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Finally, two recent series reported data about long-term survival of
patients with advanced heart failure and AF. The first one [21], in non-ablat-
ed patients who underwent biventricular pacing, demonstrated a significant-
ly lower mortality in sinus rhythm patients than in those with AF (33.3% in
AF vs 13.4% in SR, follow-up 36 months, P < 0.05). By contrast, when study-
ing patients with AF all subjected to AV nodal ablation and biventricular
pacing, Gasparini et al. [22] found a reduction of major events in 71 AF
patients as compared with the sinus rhythm group (219 patients) after a
mean follow-up of 27 ± 13 months (cardiac mortality 5.5%/year in sinus
rhythm vs 3.4%/year in AF patients, P = n.s.).

Conclusions

It may be said that CRT has a role in improving functional capacity over con-
ventional right ventricular pacing in patients with left ventricular failure
who require permanent ventricular stimulation and/or in those with an indi-
cation for AV nodal ablation. As for the great majority of patients with
advanced heart failure and AF without conventional indications for perma-
nent cardiac pacing – a wide and progressively expanding population in the
‘border zone’ of current indications for CRT – no definite data are available.
Some promising results from ablated patients show a favourable trend in
major cardiac event reduction after CRT. More controlled clinical data are
required to achieve definite conclusions about the indications for CRT in
heart failure patients with AF.
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Future New Indications for CRT: Which Patients Might Benefit?

B. PEZZULICH, P. GRECO LUCCHINA

Cardiac resynchronisation therapy (CRT) is a non-pharmacological treat-
ment for patients with severe congestive heart failure (CHF) due to systolic
dysfunction who also present an intraventricular conduction abnormality
and a QRS duration greater than 120 ms [1]. CRT has been shown to
improve functional status, quality of life, and exercise tolerance and to
decrease hospitalisation frequency in these patients: recent results of the
MUSTIC [2] and MIRACLE [3] trials are consistent in showing an improve-
ment in NYHA class, quality of life scores, and distance covered during a 6-
min walking test. A decrease in dynamic mitral regurgitation, increase in left
ventricular ejection fraction, and reverse remodelling effect on the left ven-
tricle has also been noted. The COMPANION study has recently demonstrat-
ed that CRT provides significantly better results regarding a combined end-
point of mortality and heart failure hospitalisation [4].

Consequently, CRT has been included in the current American Heart
Association/American College of Cardiology/North American Society of
Pacing and Electrophysiology guidelines for the implantation of permanent
pacemakers as a therapeutic option for patients with systolic heart failure,
NYHA class ≥ 3, QRS duration ≥ 130 ms, left ventricular end-diastolic
diameter ≥ 55 mm and ejection fraction < 35% [5]. According to these cri-
teria, between 13% and 35% of patients with heart failure would be eligible
for CRT [6, 7]. However, a growing body of evidence seems to suggest that a
larger proportion of heart failure patients could benefit of CRT. Some of the
‘new’ indications for CRT are discussed in this paper.
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CRT in Patients with a Narrow QRS (≤ 130 ms)

Most of the work done in these years in the field of CRT has focused on the
deleterious effects of a wide QRS, especially with LBBB morphology, and
narrowing of the QRS complex was considered a major target. This approach
has several pitfalls, namely it remains unclear whether a classical LBBB mor-
phology is required or not, and what is the ‘right’ duration of QRS, which in
different studies has ranged from 120 to more than 150 ms [2–4]. Moreover
it became clear that atrio-left-ventricular pacing, often associated with a
widening of QRS duration, can yield comparably positive clinical results. In
recent years it has been appreciated that mechanical cardiac dyssynchrony
has to be the target of CRT [8], and that the electrical phenomenon of QRS
widening is just a marker of this condition [9]. To define ventricular dyssyn-
chrony by the threshold QRS > 150 ms is easy but, while it is true that the
larger the QRS, the more likely the dyssynchrony, many patients with
mechanical dyssynchrony and narrow QRS can be misdiagnosed and not
scheduled for CRT. In a study based on tissue Doppler analysis of regional
longitudinal left ventricular function in normal subjects as opposed to
patients with CHF and QRS > 140 ms, Faber et al. found that two-thirds of
the CHF patients had intra-left-ventricular dyssynchrony with the lateral
wall moving last, while in the other one-third the opposite was found. Of
note, 12% of these patients had no detectable dyssynchrony, despite a large
QRS [10]. Yu et al. found left ventricular systolic mechanical dyssynchrony to
be common in patients with a narrow QRS complex, ranging from 51% to
69% [11]. These findings suggest that left ventricular dyssynchrony does not
parallel the degree of conduction disturbance, and that different types of
mechanical dyssynchrony may have similar ECG patterns.

A more recent study has suggested that, while patients with QRS > 150
ms have an almost immediate benefit, patients with QRS between 120 and
150 ms also showed an improvement in functional class and in exercise per-
formance after 6 months.

Considering the limitations of conventional EKG, echocardiographic
parameters are investigated in the ongoing CARE-HF study in which ventric-
ular dyssynchrony is assessed in patients with QRS < 150 ms by considering
(1) a prolonged aortic pre-ejection delay (> 140 ms), (2) an increased
mechanical interventricular delay (> 40 ms), and (3) a left ventricular seg-
mental post-systolic contraction [12].

It must be remembered that at present it is unclear which of these para-
meters [involving Tissue Doppler Imaging (TDI), strain, strain rate] provides
optimal information on prospective identification of responders to CRT.
Furthermore, it is becoming clear that various forms of dyssynchrony can be
present, and it is unclear which form contributes most to heart failure.
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Moreover, the underlying aetiology of heart failure can be important, as fre-
quently scar tissue shows the latest activity, and it is unknown whether pac-
ing of non-viable tissue results in clinical improvement.

CRT in Right Bundle Branch Block

The most frequent intraventricular conduction delay in heart failure patients
is left bundle branch block; little is known about right bundle branch block.
In 12 patients studied by Garrigue et al. with NYHA class II–III disease, ejec-
tion fraction 24%, and right bundle branch block (QRS average 189 ms)
biventricular pacing resulted in a sustained increase in aortic time velocity
integral, a significant decrease in mitral regurgitation, and a significant
decrease in left ventricular end-diastolic diameter after 1 year [13]. In our
experience five patients with dilated cardiomyopathy, NYHA class III, right
bundle branch block, mean QRS duration 160 ms, showed sustained and sig-
nificant improvement in functional class and in exercise capacity in car-
diopulmonary testing. All of them at baseline showed significant ventricular
dyssynchrony at TDI.

It may be speculated that biventricular pacing may be useful in patients
with heart failure, right bundle branch block, and ventricular dyssynchrony,
but this issue remains unproven.

CRT in Conventional Pacemaker Therapy

Right ventricular apical pacing may result in significant haemodynamic
deterioration. An adverse effect of long-term ventricular pacing has been
documented in patients with normal systolic and diastolic left ventricular
function before pacemaker implantation [14]. In the Mode Selection Trial,
which studied 1339 patients, percentages for normal ejection fraction, NYHA
class I or II disease, baseline QRS duration < 120 ms, and hospitalisation for
heart failure paralleled the percentage of right ventricular pacing. Patients
paced in DDD less than 10% of the time had a 2% incidence of hospitalisa-
tion for heart failure, while patients paced for more than 90% of the time
had a 12% incidence of hospitalisation. For patients paced with VVIR mode,
hospitalisations for heart failure increased from 7% (for < 10% pacing) to
16% (for > 90% pacing) [15].

In the DAVID ICD trial, pacing in DDD-R mode with lower rate 70 bpm
increased the relative risk of death or heart failure hospitalisation by 1.6
[16]. In terms of quality of life and exercise capacity, the PAVE study has
recently shown biventricular pacing to be superior to conventional pacing
after atrioventricular nodal ablation for atrial fibrillation.

201Future New Indications for CRT: Which Patients Might Benefit?



Thus, for patients requiring conventional pacing, it may be speculated
that right septal pacing or biventricular pacing may result in a lower inci-
dence of heart failure during long-term follow-up. The BIOPACE study is
addressing this issue in a randomised multicentre study [17].

It must be remembered that all trials were performed using lower rate 40
bpm or VDD mode, and whether atrial-biventricular pacing is equally effec-
tive remains unproven.

Prophylactic Effect of CRT in LBBB

Intraventricular conduction delay has been identified as a major negative
prognostic indicator in patients with heart failure. In more than 5500
patients from the Italian Network of Congestive Heart Failure, mortality and
hospitalisation due to heart failure after 1 year in patients with LBBB was
1.5-fold that in patients with a narrow QRS complex [18].

Acting through several mechanisms, including redistribution of regional
ventricular loading, reduction or abolition of mitral regurgitation, reduction
of sympathetic activity, increase of parasympathetic activity, and others,
CRT also induces reverse remodelling of the failing left ventricle. Hence, the
left ventricle gets smaller and contractility is improved after a period of CRT.
Moreover, functional mitral regurgitation is reduced acutely and chronically
during CRT. The effects of CRT on reverse ventricular remodelling have been
consistently demonstrated in all randomised prospective controlled studies
and in smaller mechanistic studies [19].

Recent data from Multicenter InSync Randomised Clinical Evaluation
(MIRACLE) study have shown that reverse remodelling during CRT can also
take place in patients not receiving beta-blocking agents. This effect of
reverse remodelling, which has been demonstrated in all major cohorts, may
be partly due to a decrease in mitral regurgitation and improved myocardial
energetics as shown in acute and in chronically paced patients [20].

Moreover, recent data from the COMPANION study showed that patients
assigned to optimal medical therapy had progressive reduction of systolic
blood pressure, consistent with progression of the underlying disease,
whereas patients assigned to CRT did not [21].

Reversing the natural course of the disease is an exciting promise, but a
word of caution is necessary. Inadequate patient selection, lead selection, or
device programming may impair survival or quality of life. Long follow-up
periods are required to prove the hypothesis that early CRT influences dis-
ease progression and improves long-term survival.
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Economic Benefits of Cardiac Resynchronisation Therapy

K. SEIDL

Introduction

Heart failure is a common condition with an estimated overall prevalence of
1–2%. Prevalence increases by age, with a marked rise above the age of 60
years [1, 2]. The progress in the pharmacological treatment of heart failure
has been substantial [3, 4], but 1-year mortality is still around 10–14% [5, 6].
Healthcare expenditures for heart failure are significant, accounting for
nearly 2% of the healthcare budget, 65–75% of which relates to hospital care
[7, 8].

Patients with severe heart failure refractory to drug treatment can be
offered heart transplantation or a cardiac assist device as a bridge to trans-
plantation. Such treatment, however, is available for only a limited number of
patients, so there is a clear need for additional treatment options.

It is estimated that 30% of patients with severe heart failure have intra-
ventricular conduction disturbances characterised by wide QRS complexes
and an uncoordinated ventricular contraction pattern [9, 10]. The delay in
ventricular electrical activation may be overcome by biventricular pacing. A
large number of uncontrolled and controlled randomised studies dealing
with cardiac resynchronisation therapy (CRT) demonstrate improvements in
central haemodynamics, exercise tolerance, and quality of life in patients
with severe heart failure and wide QRS complexes [11–13].

The aim of the present study was to assess (1) the clinical effectiveness of
a conventional individual optimised drug therapy for heart failure in com-
parison to the combination of drug treatment plus biventricular pacing, and
(2) to evaluate its cost-effectiveness in respect of hospitalisations and outpa-
tient visits.
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Methods

Between January 1995 and December 2002, 1118 consecutive patients with
heart failure were included in a left ventricular dysfunction registry. The
inclusion criterion was an ejection fraction below 45%. Mean age was 65 ±
11 years, 78% of patients were male, and the mean ejection fraction was 29 ±
8%. The aetiology of left ventricular dysfunction was coronary artery disease
in 65%, non-ischaemic cardiomyopathy in 31%, and hypertensive heart dis-
ease in 4%. In this study population of 1118 patients, 97 patients received a
CRT device because of severe heart failure which was refractory to optimised
drug treatment (Table 1).
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Table 1. Clinical data of patients included in the left ventricular dysfunction registry

LVD patients CRT patients
(n = 1021) (n = 97)

Age (mean ± SD, years) 65 ± 9 65 ± 8

Male gender (%) 78 87

Coronary artery disease (%) 66 39

Non-ischaemic cardiomyopathy (%) 29 61

Diabetes mellitus (%) 28 22

Arterial hypertension (%) 59 43

LVD, left ventricular dysfunction; CRT, cardiac resynchronisation therapy

Within this study population we performed a matched controlled study
for inter-individual comparison between similar patient groups in respect of
clinical and economic data. Patients were matched for age, ejection fraction,
NYHA functional class, and follow-up duration of 18 months. Overall 42
patients were enrolled in this comparison study: 14 patients in the control
group versus 14 patients in the CRT pacemaker versus 14 patients in the
CRT implantable cardioverter–defibrillator (ICD) arm. In this inter-individ-
ual comparison, cost-effectiveness was evaluated on the basis of the follow-
ing data: symptoms, number of hospital stays, number of hospital days, and
number of outpatient visits during a 12-month follow-up.

In addition, an intra-individual comparison was performed. For this pur-
pose the clinical and economic data regarding these patients were collected
for the entire year preceding the implantation and the year after implanta-
tion of a CRT device.



Results

Data for the patients of these three groups are shown in Tables 2 and 3. There
was no significant difference in regard to age, gender, structural heart dis-
ease, diabetes, hypertension, ejection fraction, and NYHA functional class.
However, there was a significant difference in QRS duration. Patients in the
control arm had a mean QRS duration of about 107 ± 20 ms, patients in the
CRT pacemaker arm had a mean QRS duration of 160 ± 23 ms, and
patients in the CRT ICD arm had a mean QRS duration of 153 ± 40 ms.

During the 12-month period 71% of the patients in the control arm were
in NYHA functional class III, 7% in NYHA class IV, and only 21% in NYHA
class II. In contrast, during the same follow-up period 71% of the patients
with the pacemaker were in NYHA class II, 21% remained in NYHA class III,
and only 7% were in NYHA class IV. Similar results were obtained in the
patients with the ICD: 79% of these patients were in NYHA class II, 14% in
NYHA class III, and 7% in NYHA class IV (Fig. 1) during follow-up.

207Economic Benefits of Cardiac Resynchronisation Therapy

Table 2. Clinical data of patients in the inter-individual and intra-individual comparison
groups

Control CRT pacemaker CRT ICD P value
(n = 14) (n = 14) (n = 14)

Age (mean ± SD, years) 66 ± 7 67 ± 5 67 ± 5 0.61
Male gender (n) 14 14 14 1
Coronary artery disease (n) 8 6 6 0.68
Non-ischaemic CMP (n) 6 8 8 0.28
Diabetes mellitus (n) 1 2 1 0.76
Arterial hypertension (n) 4 5 6 0.73
Ejection fraction (%) 24 ± 6 25 ± 6 24 ± 6 0.89
QRS duration (mean ± SD, ms) 107 ± 22 160 ± 23 153 ± 40 0.009
NYHA class II (n, %) 4, 29 1, 7 2, 14 0.63
NYHA class III (n, %) 9, 64 11, 79 10, 71
NYHA class IV (n, %) 1, 7 2, 14 1, 14

Table 3. Drug treatments in the inter-individual and intra-individual comparison groups

Control CRT pacemaker CRT ICD P value
(%) (%) (%)

Beta-blocker 67 67 71 0.67
ACE inhibitor 86 86 93 0.45
Diuretic 83 100 93 0.32
Digitalis 79 86 86 0.84



Inter-individual Comparison

During a follow-up of 12 months patients in the control group had 2.3 ± 1.8
hospital stays, versus 1.5 ± 1.9 hospital stays in the patient population with
the ICD device and only 0.6 ± 0.9 hospital stays in the patient population
with the pacemaker. These differences were significant (Fig. 2). In respect of
the mean number of hospital days during the 12-month follow-up, patients
in the control group had 24 ± 22 days in hospital; patients in the CRT/ICD
arm had 16 ± 22 days in hospital versus only 12 ± 19 days for the patients
in the CRT pacemaker arm (Fig. 3).

No differences were noted in the number of outpatients visits (Fig. 4).
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Fig. 1a–c. NYHA functional class in
the control group (a) and in the
pacemaker (b) and ICD groups (c)
before and after implantation

a
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Intra-individual Comparison

The mean number of hospital stays in CRT pacemaker patients was reduced
from 2.4 ± 1.7 stays before pacemaker implantation to 0.6 ± 0.9 hospital
stays after implantation (Fig. 5). Similar results were obtained in patients
with the ICD (Fig. 6): during the year before implantation the mean number
of hospital stays was 2.9 ± 1.1, after CRT implantation 1.5 ± 1.9.

The mean number of hospital days was reduced in the year after CRT
device implantation in comparison to the year preceding the implantation: in
the pacemaker group from 23 ± 18 to 12 ± 19 days, in the ICD group from
42 ± 22 to 16 ± 22 days (Figs. 7, 8).
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Fig. 2. Mean number (± SD) of hos-
pital stays per patient in the three
groups during 12-month follow-up

Fig. 3. Mean number (± SD) of days
in hospital per patient in the three
groups during 12-month follow-up

Fig. 4. Mean number (± SD) of out-
patients visits per patient in the
three groups during 12-month fol-
low-up



The mean number of hospital stays and the mean number of hospital
days during the year before CRT device implantation were similar and were
in the same range as in the control group (2.3 ± 1.8 stays) (Figs. 5–8).
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Fig. 5. Mean number (± SD) of hos-
pital stays per patient in the control
group and in the pacemaker group
before and after implantation

Fig. 6. Mean number (± SD) of hos-
pital stays per patient in the control
group and in the ICD group before
and after implantation

Fig. 7. Mean number (± SD) of days
in hospital per patient in the con-
trol group and in the pacemaker
group before and after implantation

Fig. 8. Mean number (± SD) of days
in hospital per patient in the con-
trol group and in the ICD group
before and after implantation



No differences were observed regarding outpatient visits in this study
population (Figs. 9, 10). The important change after CRT implantation was
the highly significant reduction in hospital stays and hospital days, which
explained the cost reduction after CRT device implantation in this study.
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Fig. 9. Mean number (± SD) of out-
patients visits per patient in the
control group and in the pacemaker
group before and after implantation

Fig. 10. Mean number (± SD) of out-
patients visits per patient in the
control group and in the ICD group
before and after implantation

Discussion

This study demonstrates a reduction in the need for hospitalisation and hos-
pital days in parallel to clinical improvements by CRT in selected patients
with severe heart failure. Similar findings were obtained by Braunschweig et
al., which showed that the need for hospital care decreased significantly
after biventricular pacing [14]. The total number of hospital days for all
patients was 253 days in the year before versus 45 days in the year after
biventricular pacing. For heart-failure-related hospital days the respective
figures were 183 and 39 days. Biventricular pacing led to improvement in 13
of 16 patients with severe heart failure and wide QRS complexes in this open
study. The improvement resulted in reduced need for hospital care.

In 2004, Dixon et al. demonstrated that CRT results in a significant
improvement in clinical parameters and considerable reductions in hospital
admissions and costs in patients with chronic heart failure [15].



In heart failure management it is essential to bring down the costs relat-
ing to hospital care. Recent studies indicate that a comprehensive heart fail-
ure care programme can reduce the need for hospital care [16]. In the pre-
sent study all patients were recruited from a left ventricular dysfunction reg-
istry with continued follow-up who still required a substantial amount of
hospital care. We therefore believe that biventricular pacing rather than fre-
quent follow-up was a reason for the improvement observed. Pacemaker
therapy is not an inexpensive treatment and incurs costs for equipment,
implantation procedure, and follow-up. The small number of patients does
not justify more extensive cost–benefit analysis.

It is important to remember that it is hard to prove the cost-effectiveness
of a novel treatment before it has been properly developed. For this reason,
the pacemaker-related costs in the study were justifiable in view of the ongo-
ing development and assessment of this treatment. In the future, the costs of
biventricular pacing may be reduced as left ventricular lead technology is
simplified and the patient selection improves. Nevertheless, these findings
do indicate that CRT might reduce the costs for hospital care in selected
patients with severe heart failure, at least over the first year. This treatment
can therefore serve as a bridge to heart transplantation in those eligible, and
improve the well-being and reduce the hospital care costs of these severely
incapacitated patients [16].

The interpretation of our results is limited by the fact that the study was
uncontrolled and enrolled only a small number of patients. Larger controlled
studies are underway and will add valuable information to the issues dis-
cussed above.

In this uncontrolled study, biventricular device therapy improved NYHA
functional class and the clinical improvement was accompanied by a signifi-
cantly reduced need for hospital care.
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Cost-Effectiveness of Cardiac Resynchronisation Therapy in
Heart Failure Patients

G. MASCIOLI, A. CURNIS, L. BONTEMPI, T. BORDONALI, L. DEI CAS

The rapidly growing incidence of heart failure (HF) is going to have an
extremely large impact on costs for the management of decompensated
patients. It has been calculated [1] that within the next 20 years, the preva-
lence of HF in Western countries will double, rising from 5.3 millions of per-
sons suffering from this syndrome to 10.6 millions. Data furnished by the
Italian Ministry of Health for the year 2000 showed that DRG 127 (cardiac
failure and shock) already account for 13.5% of the total number of hospital
admissions, with a mean of 9.6 hospital days: this means that – in Italy –
2.5% of the total number of hospital stays are due to HF [2]. If we consider
that the course of HF is worse than that of lung cancer [3] in terms of fre-
quent hospital re-admissions, and that hospitalisation represents the major
component of the total expenditure on management of HF, it is easy to see
that the economics of caring for these patients is set to grow exponentially.

What is cost-effectiveness? When a new therapy is introduced into treat-
ment, four things can happen
– The new therapy is more effective than previous treatment, but at a major

cost, or
– It is less effective and more expensive, or
– It is less effective but also less expensive, or, finally (and this is what we

call cost-effective)
– It is more effective and less expensive

Many trials have now demonstrated that CRT is an effective tool for treat-
ing patients with episodes of acute HF refractory to optimised medical ther-
apy. The results derived from PATH-CHF, MUSTIC, MIRACLE, and COM-
PANION [4–7] are all concordant and demonstrate not only that CRT can
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improve quality of life, but also that it affects instrumental and objective
parameters, such as distance walked in the 6-min walking test, peak oxygen
consumption during the effort test, ejection fraction as measured by
echocardiography, etc. (Tables 1, 2).

Not only ‘soft’ end-points are improved: CRT also demonstrated a signifi-
cant impact in relation to survival. In the COMPANION trial [7] the reduc-
tion in mortality almost reached statistical significance in the CRT-only
group and was statistically significant in the CRT-D group (D=defibrillator).
Even if the study was not designed to demonstrate this particular end-point,
nevertheless the key message that can be obtained from the study is
extremely important.
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Table 1. Effect of CRT on quality of life (QoL) and functional capacity

Study QoL Score NYHA Class

French Pilot [8] (n = 50) +

InSync Europe [9] (n = 103) + +

InSync ICD [10] (n = 84) + +

MIRACLE [6] (n = 453) + +

MIRACLE ICD [11] (n = 247) + +

MUSTIC [5] (n = 67) + +

PATH-CHF [4] (n = 41) + +

CONTAK CD [12] (n = 203) + +

+, improved; NYHA, New York Heart Association

Table 2. Effects of CRT on heart efficiency and disease progression

Study LVEF MR LVEDV/LVESV LV Filling time

Queen Mary Hospital [13] + - - +

MIRACLE [6] + - - +

MUSTIC [5] - +

MIRACLE ICD [11] = = - +

LVEF, left ventricular ejection fraction; MR, mitral regurgitation; LVEDV, left ventric-
ular end-diastolic volume; LVESV, left ventricular end-systolic volume; +, increased;
–, decreased; =, unchanged



The CARE-HF [14] study will address this issue, investigating whether
CRT-P (without defibrillation back-up) could reduce mortality in patients
with severe HF in comparison with optimised medical therapy.

In terms of the economical point of view, only two studies have specifical-
ly addressed this topic, but other trials have investigated reduction in hospi-
tal care after implantation of CRT devices (Table 3). This latter effect of CRT
can be considered as a surrogate end-point of cost-effectiveness, considering
– as has already been mentioned – that hospital care constitutes the main
component of expenditure in HF management.

In the study by Braunschweig et al. [15], 16 patients in whom a biventric-
ular device was implanted showed, in the 40 days after CRT, a significant
reduction (82%) in HF-related hospitalisation and a 79% reduction in hospi-
talisation for all causes. Similar results were obtained in our study [16], in
which 30 patients with a biventricular device implanted were followed in the
year before and the year after implantation. At the end of follow-up, there
was a 93% reduction in total hospital admissions and a 28% increase in out-
patient visits: this translated into a 76% reduction of total hospital care. In
the year before implantation, the expenditure was €12 784 per patient, com-
pared with € 9663 per patient (device cost included) in the year after device
implantation, so that economical breakeven was obtained only 1 year after
implantation.

In the subanalysis of the MUSTIC study [11] there was a seven-fold
decrease in monthly hospitalisations (0.14/month during the pacemaker-off
period vs. 0.02/month in the pacemaker-on period). In the MIRACLE study
[6], the reduction of event-free survival rate in the CRT group was 50%
(absolute increase –11%), even if there was a 8.8% rate of device-related hos-
pitalisations. In the same study, there was a 77% reduction in the number of
total days of hospitalisation for worsening HF and a 59% reduction in days
of hospitalisation due to all causes.
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Table 3. Effects of CRT on hospitalisations

Study Admissions Stay Hospital days due to HF

Karolinska Hospital, Sweden [15] (n = 16) – – –79%

Belfast, Northern Ireland [18] (n = 22) – – –96%

BRESCIA, Italy [16] (n = 30) – – –93% (all causes)

MIRACLE [6] (n = 453) – – –77%

MUSTIC [5] (n = 67) – –86%

PATH-CHF [4] (n = 41) – – –77%

–, decreased



A preliminary analysis of 40 patients with at least 3 years of follow-up
who underwent implantation in our centre seems to demonstrate that the
positive cost-efficacy ratio is also maintained over the long term.

In conclusion, physicians who deal daily with HF patients now have a new
‘more-than-promising’ weapon in the struggle against this epidemic.

CRT seems to induce – at least in carefully selected patients – reverse
remodelling [12] of the dilated heart, regardless the aetiology of dilation. It
is extremely hard to calculate ‘costs’ in a health service like the Italian one,
due to the fact that our system is funded and not reimbursed, so that speak-
ing of DRG values is not directly related to costs. Nevertheless, many studies,
and our study too (derived from an Italian experience), have demonstrated
that a significant reduction in hospital care can be derived from biventricu-
lar pacing, and, however costs are calculated, a reduction in hospitalisations
does equate to a reduction of costs.

It will be difficult to calculate the cost per year of life saved, but there is
already a great deal of evidence that CRT can be considered a cost-effective
procedure.
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Guidelines for the Prevention of Sudden Cardiac Death:
Filling the Gap

A. BARANCHUK, C. MORILLO

Introduction

Sudden cardiac death (SCD) remains a major public health challenge in both
North America and Europe. Identifying high-risk patients is of paramount
importance in order to correctly select the population that derives the great-
est benefit from ICD implantation. Unfortunately, risk markers developed to
date are not universally applied and have low sensitivity and predictive val-
ues, limiting their use. Financial restraints on health care systems vary wide-
ly among different countries, adding complexity to global recommendations.

Cardiovascular disease is responsible for 40 000 deaths annually in
Canada, and SCD related to ventricular tachyarrhythmias causes 50% of this
mortality [1]. In the United States the annual figures for SCD range between
300 000 and 450 000 [2]. In addition, around 5 000 000 people live with
chronic heart failure, with 550 000 new cases added every year. Almost 10%
will die annually of either progressive pump failure or SCD [3]. The global
incidence of SCD is difficult to estimate in Europe, but the Maastricht study
showed an annual incidence of out-of-hospital SCD of 1 in 1000 inhabitants,
which is similar to that reported in North America [4].

Several guidelines and recommendations have been published by most of
the leading cardiovascular societies [5]. However, it is important to recognise
that SCD is a moving target, and in the past 3 years important clinical trials
not included in current guidelines have been reported. A thorough review of
SCD guidelines is out of the scope of this review. This chapter will focus on
the most recently published and presented trials and will place this new
information in the framework of current SCD guidelines.

Department of Medicine, Arrhythmia Service, McMaster University, Hamilton Health
Sciences Corporation, Hamilton, Ontario, Canada



Indications for ICD for Primary Prevention 

Several studies have assessed the effect iveness of implantable
cardioverter–defibrillators (ICDs) for the prevention of SCD in high-risk
populations. These studies may be classified according to the underlying
anatomical substrate:
1. Coronary artery disease + left ventricular ejection fraction (LVEF) <

30–35%: MADIT I, MADIT II, MUSTT, DINAMIT [6–9]
2. Non-ischaemic dilated cardiomyopathy + depressed LVEF: CAT,

AMIOVIRT, DEFINITE [10–12]
3. LVEF ≤ 35% + NYHA class II/III regardless of the aetiology of the car-

diomyopathy SCD-HeFT [13, 14]
Overall a 39% relative risk reduction in all-cause mortality [31% in non

ischaemic dilated cordiomyopathy (NICM)] is achieved in the setting of pri-
mary prevention of SCD [15, 16] Current guidelines should be updated as
follows:
1. Class I: Ischaemic heart disease with or without mild to moderate heart

failure symptoms and LVEF ≤ 30%, measured at least 1 month after
myocardial infarction and 3 months after coronary revascularisation pro-
cedure [percutaneous coronary interventions (PCI) and/or coronary
artery bypass graft (CABG)] (level of evidence: A)

2. Class IIa:
a) Patients with ischaemic heart disease and LV dysfunction (LVEF =

31–35%), measured at least 6 weeks after myocardial infarction and 3
months after coronary revascularisation procedure (PCI and/or
CABG) with inducible ventricular fibrillation (VF)/sustained ventric-
ular tachycardia (VT) at electrophysiology study (level of evidence: B)

b) Patients with non-ischaemic cardiomyopathy ≥ 9 months, LVEF ≤ 30%,
and NYHA functional class II–III heart failure (level of evidence: B)

c) Patients with familial or inherited conditions such as but not limited
to long QT syndrome, hypertrophic cardiomyopathy, Brugada syn-
drome, or arrhythmogenic right ventricular dysplasia (ARVD) and at
a high risk for life-threatening ventricular tachyarrhythmias (level of
evidence: B)

3. Class IIb:
a) Patients with ischaemic heart disease, prior myocardial infarction, LV

dysfunction (LVEF = 31–35%), with either no inducible VF/sustained
VT at electrophysiology study, or without an electrophysiology study
(level of evidence: C)

b) Patients with non-ischaemic cardiomyopathy present for at least 9
months, LV dysfunction (LVEF = 31–35%) and NYHA functional
class II–III heart failure (level of evidence: C)
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ICD Indications after an Acute Myocardial Infarction

The first 6–12 months after an acute myocardial infarction (AMI) are a peri-
od of high risk for SCD. However, the benefit of ICDs in this setting has not
been fully studied. The DINAMIT study was a randomised, open-label study
that compared ICD therapy to no ICD therapy in 674 patients during the
immediate period after an AMI (6–40 days). Inclusion criteria were: LVEF
≤ 35%, heart rate variability standard deviation of normal RR intervals
(SDNN) ≤ 70 ms or a mean RR interval ≤ 750 ms (heart rate ≥ 80 bpm) by 24-h
Holter monitoring. The primary outcome was total mortality. There was no
difference in overall mortality between the two groups (95% CI, 0.76 to 1.55; P
= 0.66; follow-up 30 ± 13 months). However, there was a reduction in
arrhythmic deaths that was manifested by an increase in non-arrhythmic
deaths in the ICD group [9].

Based on the DINAMIT study findings, the decision to implant an ICD
should be delayed for at least 6 weeks and possibly more  in patients with a
recent myocardial infarction and reduced LV function. Reassessment of LV
function is required in order to define the need for an ICD.

Indications for ICD for Secondary Prevention 

There is conclusive evidence supporting the superiority of ICDs over drugs
for the secondary prevention of SCD [17–19]. A meta-analysis of secondary
prevention trials reported a 28% relative risk reduction in all-cause mortali-
ty. This reduction was almost entirely due to a 50% relative risk reduction in
arrhythmic deaths. Greater benefit is derived in patients with an LVEF <
35% [20]. Current guidelines support the use of ICDs in patients surviving a
cardiac arrest or having presented with symptomatic sustained VT with
reduced LV function regardless of aetiology.

ICD Indications for Infrequent Clinical Conditions

The less common cardiac disorders such as hypertrophic cardiomyopathy,
Brugada syndrome, long QT, and arrhythmogenic right ventricular dysplasia
are difficult to include in general guidelines due to their low incidence.
However, sudden death is relatively frequent and is a devastating clinical pre-
sentation that could affect young people, and ICDs are sometimes the only
available alternative [21, 22] (Table 1). Risk stratification of diseases with low
prevalence is challenging. However, some useful recommendations based on
small non-randomised studies and expert opinions may be proposed.

The diagnosis of Brugada syndrome [23] is based on typical 12-lead ECG
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findings (ST segment elevation in leads V1–V3) in subjects with either a
family history of unexplained SCD or syncope or presenting with symptoms.
The role of an electrophysiology study in determining the risk of death
remains uncertain; however, ICD implantation is recommended in patients
who survive an episode of VT/VF [24]. The evidence is in favour of including
as high-risk patients those with a previous history of syncope and a familial
history of SCD.

SCD may frequently be the primary manifestation of the long QT syn-
drome. There are clinical indicators such as history of syncope, ECG charac-
teristics, cardiac arrest and torsades de pointes, and genetic markers that
may help identify subjects at higher risk. ICD is recommended for secondary
prevention while primary prevention is based mostly in the treatment with
beta-blockers and life-style changes [25].

Arrhythmogenic right ventricular dysplasia may be a cause of SCD in the
younger groups. Evidence identifying high-risk subgroups is sparse.
Nonetheless, ICD is indicated in patients with VT/VF that are refractory to
anti-arrhythmic agents. Patients with LV involvement or severe compromise
of the right ventricle are at higher risk [26].

There is sparse evidence to provide definitive recommendations regard-
ing the role of ICD in patients with catecholaminergic polymorphic VT.
Nonetheless, it is reasonable to recommend an ICD for secondary prevention
or after beta-blockers have failed [27].

The level of evidence for all of these disorders is C, and larger studies
assessing the role of primary prevention and better means for risk stratifica-
tion are certainly needed. Careful assessment of family history, searching for
early unexplained deaths, ‘seizures’, and recurrent syncope, may aid individ-
ualising the decision to implant an ICD in a young subject.

226 A. Baranchuk, C. Morillo

Table 1. ICD recommendation for infrequent cardiac disorders

Disease Primary prevention Secondary prevention

Long QT – Class I
ARVD Class IIa Class I
HCM Class IIa Class I
Brugada Class Ia Class I
CPVT – Class I

ARVD, arrhythmogenic right ventricular dysplasia; HCM, hypertrophic cardiomy-
opathy; CPVT, catecholaminergic polymorphic VT
a Patients with syncope and no documented VT



ICD or ICD and Cardiac Resynchronisation Therapy

A number of cardiac resynchronisation therapy (CRT) studies have demon-
strated an improvement in quality of life, exercise tolerance, and NYHA class
in patients with heart failure and prolonged QRS. However, the benefits in
relation to mortality have not been clearly established. The COMPANION
study was designed to evaluate the role of the addition of ICD therapy to
CRT. The primary outcome was a composite of total mortality and hospitali-
sations related to heart failure. COMPANION showed a significant reduction
in the primary outcome for both CRT and CRT-ICD. However, mortality was
significantly reduced only in the CRT-ICD arm, a 40% relative risk reduction
[28, 29, 31]. This effect was significant regardless of the aetiology of heart
failure.

It still remains unclear whether the effect of CRT-ICD is due to a syner-
gistic effect between the different therapies or if it is only caused by a reduc-
tion in arrhythmic deaths due to the presence of an ICD in high-risk
patients. Ongoing studies are currently addressing this issue. Current evi-
dence supports the use of CRT-ICD in patients who fulfill both criteria. This
is a class IIa indication with level of evidence A.

Health-Economic Considerations

The economic implications of ICD implantation are unquestionable [31, 32].
The issue is rather how to scientifically and economically judiciously use the
limited resources available. Further refining of risk-stratifying markers such
as T wave alternans may aid in this decision. However, a prospective trial
using a ‘risk score’ may need to be developed. Compared to other medical
therapies, ICDs may be economically sound. Figure 1 shows the calculated
number needed to treat to save one life in the different ICD-CRT clinical tri-
als. These should provide a general perspective on the potential economic
justification of ICD therapy. It is important to recognise that clinical trials
are limited by the fact that they do not take into account the relentless pro-
gression of the disease in patients with impaired LV function. Nevertheless,
the benefit is clear, and physicians and health authorities should team up to
create responsible policies that should be adapted to each country’s
resources.
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Conclusions

Evidence-based large clinical trials have undoubtedly demonstrated the ben-
efits of ICD in specific populations. Guidelines are intended only as a tool to
aid in the decision whether to implant an ICD or CRT device. The responsi-
bility of physicians is primarily towards their patients, but judicious use of
health care resources is critical to be able to provide a fair share to all the
patients in need of these devices.
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Management of Cardiac Arrhythmias in Post-PCI Patients

B. GORENEK

Introduction

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. A variety of
arrhythmias and conduction disturbances can occur during PCI. In general,
lethal ventricular arrhythmias, including serious ventricular tachycardia
(VT) and ventricular fibrillation (VF), have been reported to occur in
1.5–4.4% of the patients undergoing coronary angioplasty. The frequency of
these arrhythmias after primary PCI was analysed in data on 3065 patients
from Primary Angioplastic in Myocardial Infarction (PAMI) trials [1].
Ventricular arrhythmias occurred in 133 patients (4.3%). Smoking, lack of
preprocedural beta-blockers, shorter time from symptom onset to arrival in
emergency room initial thrombolysis in myocardial infarction (TIMI) flow
grade 0, and right coronary artery-related infarct were variables indepen-
dently associated with a risk of serious ventricular arrhythmias. These
patients had higher rates of complications including cardiopulmonary resus-
citation and intubation in the catheterisation laboratory, but had similar fre-
quencies of major adverse cardiac events in hospital and at 1 year.

These arrhythmias may be the result of excessive catheter manipulation,
intracoronary dye injection, new ischaemic events, or reperfusion injury.

Role of Dye Injection and Intracoronary Solutions

Various contrast media have been developed for use in coronary angiogra-
phy and PCI. These contrast media may be divided into ionic contrast media
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of high osmolarity, those of low osmolarity, and non-ionic contrast materi-
als. The risk of ventricular arrhythmia from intracoronary dye is greatest
with the injection of ionic contrast agents into the right coronary artery, par-
ticularly in the setting of prolonged injection or a damped pressure tracing.
VF may occur if dye is allowed to remain static in the coronary tree. The
incidence of VF during PCI can be significantly decreased by using low-
osmolarity non-ionic contrast media lacking calcium-binding additives.
However, in some reports, contrary to the current belief in the overall safety
of low-osmolarity ionic contrast agents compared with other agents in diag-
nostic coronary angiography procedures, such agents are associated with an
increased risk of sustained ventricular arrhythmias [2].

VF is a serious complication during induction of hypothermia for surgi-
cal purposes [3]. In a study published 2 years ago, six patients were found to
have VF during intracoronary saline, heparin, contrast medium, or nitrate
delivery [4]. These medications did not warm up to body temperature.
Immediate intracoronary flush would result in local hypothermia. Thus, to
decrease the risk of VF, warmed-up fluid and warmed-up iso-osmolar non-
ionic contrast agents must be preferred, especially in patients undergoing
PCI on the right coronary artery.

Management of Ventricular Premature Beats

The first period of ventricular premature beats, which usually heralds malig-
nant arrhythmias during acute coronary occlusion, develops after a quies-
cent period of 1.5–2.5 min and reaches a peak at 5 min. Both re-entrant and
non-re-entrant mechanisms contribute to the development of premature
beats and malignant ventricular arrhythmias during the early phase of
myocardial ischaemia. Complex premature ventricular contractions and
occasional non-sustained ventricular tachycardia are seen after 2–3% of
apparently uncomplicated angioplasty procedures. These arrhythmias usual-
ly abate over 12–36 h and do not, in general, require treatment. However,
hypokalaemia and hypomagnesaemia should be ruled out because potassi-
um and magnesium may be depleted by diuretic-induced diuresis and may
need to be replaced [5].

Arrhythmias Related to Ischaemia

Acute myocardial ischaemia often results in malignant arrhythmias owing to
both the direct effects of ischaemia and the resultant haemodynamic com-
promise during PCI. Some of the most refractory ventricular ectopy is seen
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in the setting of profound transmural ischaemia or early myocardial infarc-
tion. Venticular fibrillation due to acute ischaemia is a not infrequent com-
plication of PCI. As in diagnostic coronary angiography, it is readily treated
by defibrillation and death rarely results. There appears to be no relation to
the severity of coronary artery disease, and the cause is partially related to
the use of contrast agents or post-PCI complications.

Arrhythmic Complications and Patient Characteristics

Vessel calibre is one of the important factors in the genesis of arrhythmias in
PCI. Huang et al. observed that a small calibre of the right coronary artery
and associated ST segment changes played important roles in the patients
who experienced VF during the PCI. They suggested that the cause of acute
ischaemia might be the size of the guiding catheter. Most of the catheters
they used in patients with VF were 7F, except in two cases where a 6F
catheter was used. So, small-size catheters should be preferred especially in
high-risk patients [4].

The risk of cardiac arrhythmias in PCI is more pronounced in patients
with heart failure. Three years ago, DeGeare et al. investigated the predictive
value of Killip classification in patients undergoing primary PCI for acute
myocardial infarction. Killip classification predicted the incidence of
arrhythmias in those patients. This classification was a predictor of mortali-
ty in their study. Killip classification on hospital admission was a simple and
useful independent predictor of in-hospital and 6-month mortality in
patients with acute myocardial infarction who were undergoing primary PCI
[6].

Importance of QT Dispersion and Heart Rate Variability

QT dispersion may serve as a measure of variability in ventricular recovery
time and may be a means of identifying patients at risk of lethal ventricular
arrhythmias and sudden death with coronary artery disease. Ashikaga et al.
showed that increased QTc dispersion may predict the risk of lethal ventricu-
lar arrhythmias during angioplasty. The fact that successful angioplasty
decreased QTc dispersion indicates that part of increased QTc dispersion is
related to myocardial ischaemia in patients with coronary artery disease [7].
Thus, in patients with QTc dispersion we should be alert for serious ventric-
ular arrhythmias. Nicorandil may precondition the myocardium and may
prevent the occurrence of ventricular arrhythmias after coronary angioplas-
ty by suppressing the increase in QT dispersion [8].
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Abrupt coronary occlusion may cause a wide range of autonomic reac-
tions as evidenced by changes in heart rate, blood pressure, and heart rate
variability (HRV). Coronary occlusion-induced increase in HRV seems to
have a protective effect against the occurrence of complex ventricular
arrhythmias during the early stage of abrupt coronary occlusion, suggesting
that vagal activation may modify the outcome of acute coronary events with
coronary artery disease [9].

Reperfusion Arrhythmias

Reperfusion arrhythmias may be one of the manifestations of reperfusion
injury. These arrhythmias are common in patients undergoing PCI, which
include accelerated idioventricular rhythms, VT, and VF. Reperfusion
arrhythmias, in addition to their importance as a marker of successful reper-
fusion, need special attention because haemodynamics may rapidly deterio-
rate during VT or VF.

Intracellular calcium overload is believed to play a critical role in the
development of reperfusion arrhythmias. Accumulation of calcium in the cell
causes damage to the respiratory chain and decreases ATP production, lead-
ing to depletion of mitochondrial energy [10]. The oxygen paradox is closely
linked to the calcium overload or calcium paradox, since oxygen mediates the
uptake of calcium by mitochondria [11]. Oxygen also leads to cell damage
during reperfusion through the formation of oxygen radicals [12]. The role of
free radicals in the genesis of reperfusion arrhythmias is uncertain. Free-rad-
ical-induced damage occurs in the 10 min after reperfusion [13]. Reduced
levels of free radical scavengers have been observed within 3 h of angioplasty
in patients with acute myocardial infarction [14].

Some strategies may be helpful for the prevention and treatment of
reperfusion arrhythmias, but their beneficial affects are limited. Today we
know a little about the effectiveness of antioxidant therapy. The results have
largely been mixed and the investigation remains focused at the animal level.
Magnesium can be a choice, but there are conflicting data on its benefit.
Numerous studies have examined the efficacy of vasodilators as cardiopro-
tective agents in ischaemic reperfusion injury. Intracoronary adenosine and
papaverine may be effective as cardioprotective agents. Human studies with
papaverine have also demonstrated success in improving angiographically
documented TIMI flow grades in epicardial arteries [15]. Calcium channel
blockers may block intracellular calcium overload and have positive effects
on vascular flow. The effects have been demonstrated during the administra-
tion of nifedine and verapamil [16]. Two years ago Yoshida et al. showed that
administration of dipyridamole can prevent and terminate reperfusion
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arrhythmias such as accelerated idioventricular rhythms and VT. They con-
cluded that cAMP-mediated triggered activity may, at least in part, be
responsible for reperfusion arrhythmias [17].

Role of Inhibition of the Renin–Angiotensin–Aldosterone System

In the normal heart, locally derived angiotensin II may modulate coronary
blood flow, inotropy, and chronotropy [18–21], whereas under pathological
conditions the renin–angiotensin–aldosterone system (RAS) may influence
ventricular growth and myocardial metabolism, induce ventricular arrhyth-
mias during ischaemia and reperfusion injury, and contribute to post-infarc-
tion ventricular remodelling [22]. We also know that bradykinin accumulation
is a potent cardioprotective mechanism underlying RAS inhibition in
ischaemia and reperfusion injury. A role for RAS in reperfusion arrhythmias
was suggested by studies in angiotensin II type 1a receptor knockout mice
which, compared to wild-type mice, showed less reperfusion arrhythmia
despite a similar infarct size. In addition, administration of a selective
angiotensin II type 1 receptor before ischaemia blocked reperfusion arrhyth-
mias [23]. An experimental study showed us that losartan attenuates myocar-
dial ischaemia-induced ventricular arrhythmias and reperfusion injury in
hypertension, and may be useful in the treatment of ventricular arrhythmias
induced by acute myocardial infarction and attenuation of reperfusion injury
[24]. Intracoronary enalaprilat infusion in the infarct-related artery is feasible
in the setting of primary angioplasty and is safe and well tolerated [25].
Effective cardiac RAS inhibition can be achieved by low-dose intracoronary
enalaprilat, which primarily causes a potentiation of bradykinin [25].

Preconditioning and Arrhythmias

The incidence of serious ventricular arrhythmias in the presence of intra-
coronary thrombus was high in a report [26]. Sudden obstruction of the
coronary artery without pre-existing coronary artery narrowing was associ-
ated with a higher incidence of VF than was obstruction occurring in associ-
ation with pre-existing stenoses [26]. The profibrillatory effect of thrombus
was not detectable in another report. Experimental studies have suggested
that the phenomenon of ischaemic preconditioning may increase the VF
threshold [27] and reduce the incidence of ischaemic and reperfusion
arrhythmias [28]. The mitochondrial KATP channel seems to be important
in prevention of myocardium by preconditioning. A study in dogs suggests
that preconditioning may exert an antiarrhythmic effect during ischaemia by
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modifying cardiac autonomic receptor mechanisms, which results in an
improved parasympathetic balance. A preceding short vessel occlusion–
reperfusion cycle increases the electrical stability of ischaemic myocardium,
so the repeated coronary artery occlusions during PCI protect against
ischaemia-induced ventricular arrhythmias [29].

Benefits of Intra-aortic Balloon Counterpulsation

Intra-aortic balloon counterpulsation (IABC) has been used following pri-
mary PCI in high risk patients in an attempt to improve outcomes by
increasing coronary blood flow reserve, decreasing preload and afterload,
and augmenting systemic pressure [30]. In high risk patients prophylactic
use of IABC may decrease the incidence of VF, especially in patients with
cardiogenic shock [30]. Intra-aortic balloon counterpulsation used before
primary PCI provides benefit to patients with cardiogenic shock by reducing
the incidence of catheterisation laboratory events, including VT. So, we rec-
ommend the use of IABC in patients with cardiogenic shock who are under-
going primary PCI.

Supraventricular Arrhythmias and Atrial Fibrillation

Supraventricular arrhythmias including atrial fibrillation (AF) may be
induced by PCI, but they are not as frequent as ventricular arrhythmias.
However, AF especially has prognostic significance in patients treated with
PCI. Because the patency of infarct-related artery is better, primary PCI is
superior to thrombolytic therapy in restoring sinus rhythm in patients with
acute myocardial infarction who have developed AF [31].

Kinjo et al. investigated the prognostic significance of AF and atrial flut-
ter in patients with acute myocardial infarction treated with PCI. In their
study, the patients with AF were older, were in higher Killip classes, had
higher rates of previous myocardial infarction and previous cerebrovascular
accident, had systolic blood pressure of less than 100 mmHg and heart rates
of 100 beats/min or more, were less likely to smoke, and had a higher preva-
lence of multivessel disease and poorer reperfusion of infarct-related artery
than those without AF. Atrial fibrillation was a common complication in
patients with acute myocardial infarction who are treated with PCI and inde-
pendently influenced 1-year mortality, they said [32].

Atrial fibrillation during PCI tends to revert spontaneously over a period
of minutes to hours, but may require additional therapy if it produces
ischaemia or haemodynamic instability. Intravenous beta-blockers (e.g.
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esmolol, metoprolol), calcium channel blockers (e.g. verapamil), or digoxin
may be given and up-titrated until adequate control of ventricular response
is achieved. Electrical cardioversion is rarely required.

Conduction Defects and Heart Blocks

New conduction defects occur in about 0.9% of the patients undergoing
coronary angioplasty [33]. Of these, right bundle branch block was the most
common, followed by first-degree atrioventricular block. These defects
almost always disappeared without treatment before the time of hospital dis-
charge, but occasionally required the elimination of drugs depressing car-
diac activity [5].

When complete heart block develops, atropine is rarely helpful in the set-
ting of inadequate escape and deterioration, but should be given anyway.
Coughing may help support the circulation and maintain consciousness
while a temporary pacing catheter is inserted.

Conclusions

Either ventricular or atrial arrhythmias or conduction disturbances can be
observed during PCI. Some of them occur as a complication of the proce-
dure, but many of the arrhythmias are related to reperfusion injury. The
patient’s characteristics, the type of the procedure, the features of the target
vessel and the type of the lesion play an important role in the occurrence of
arrhythmias. The majority of the arrhythmias tend to revert spontaneously,
but when necessary, special treatment must be given promptly.
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Anti-tachycardia Pacing for Termination of Rapid 
Ventricular Tachycardia in Patients with Implantable
Cardioverter-Defibrillators. The PITAGORA ICD Trial
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CAPUCCI6, V. CALOGERO7, C. PUNTRELLO8, S. SAMMARTANO9, M. SCHERILLO10, O.
PENSABENE11, M.C. SCIANARO12 ON BEHALF OF PITAGORA ICD STUDY INVESTIGATORS

Introduction

In patients with an implantable cardioverter–defibrillator (ICD) many
episodes of rapid monomorphic ventricular tachycardia (VT) may be
labelled ventricular fibrillation (VF) by the ICD and treated by painful
shocks [1, 2]. Several observational studies have shown that ventricular anti-
tachycardia pacing (ATP) is effective in VT termination [1–5].

The PainFREE Rx trial [6] has enrolled 220 patients with coronary artery
disease and standard ICD indications, programmed a standardised ventricu-
lar detection and therapy algorithm (two burst sequences, eight pulses, 88%)
for arrhythmias faster than 188 bpm (320 ms) and showed that:
- 43% of arrhythmias were detected in the traditional VF zone of < 320 ms
- 93% of arrhythmias detected in the VF zone were detected as fast VT

(FVT)
- Empirical ATP therapy terminates 85% of FVT episodes with cycle length

(CL) from 240 to 320 ms (250–190 bpm) at the first attempt
- The number of shocks saved by enabling ATP for FVT was 396 out of 446

detected episodes
- The low observed incidence of syncopes and FVT acceleration was no

greater than that reported in other studies of ICD patients
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The PainFREE trial [6] concluded that ATP for FVT detected in the VF
zone might safely reduce the morbidity of painful shocks. Reducing the
shocks could increase patient quality of life, and increase device longevity.

The PainFREE Rx II Study [7] was a prospective, randomised, multi-cen-
tre trial that compared the safety and utility of empirical ATP (one burst
sequence, eight pulses at 88% coupling interval) with shocks for FVT in a
broad ICD population. PainFREE Rx II showed that the first ATP attempt ter-
minated 229 of 284 (81%) FVT episodes. Forty out of 47 patients (85%) with
FVT episodes presumably had at least one FVT shock prevented by ATP. ATP
resulted in a 71% relative reduction in the proportion of shocked episodes.
ATP programming did not lengthen FVT episode duration, its median value
was 10.0 s in the ATP arm and 9.7 s in the shock arm. Acceleration of FVT
was similarly low between treatment groups: it occurred in 4 of 273
monomorphic VT episodes (2%) in the ATP arm versus 2 of 145 (1%) in the
shock arm. Syncope during FVT was rare: it occurred in 2 patients in the
ATP group and 1 patient in the shock group.

The process of establishing the clinical role of a new therapeutic strategy,
after its feasibility, safety, and efficacy as compared with the conventional
therapy have been shown, comprises the conduction of an observational
study to confirm results of previous randomised studies in general clinical
practice. The main objective of the PITAGORA ICD trial, therefore, is to con-
firm the PainFREE II results in Italian clinical practice and to compare, in a
randomised design, the termination efficacy of two different ATP sequences
(burst eight pulses at 88% and ramp eight pulses starting at 91%).

Methods

Study Design

The PITAGORA ICD trial is a multi-centre, prospective, randomised, single
blind study. At least 220 patients will be enrolled in about 24 Italian cardio-
logical centres between January 2004 and December 2005. All patients
enrolled will give written informed consent according to a protocol approved
by local institutional review boards. Commercially available ICDs capable of
being programmed for ATP for FVT via VF will be used. Following enrol-
ment, patients will be randomised to treatment. ATP will be programmed in
a burst configuration for half of them and in a ramp configuration for the
other half.

Study Objectives

The main objective is to test the application  in Italian clinical practice of
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two empirical ATP strategies on spontaneous FVT episodes. The primary
end-point is quantification of the termination efficacy of two different
sequences (burst eight pulses at 88% and ramp eight pulses starting at 91%).
Secondary objectives are: estimation of the acceleration or syncopal rates
associated with ATP treatment of spontaneous FVT episodes; estimation of
the percentage reduction in the number of shocks delivered per patient;
evaluation of different possible predictors of ATP success (VT rate, underly-
ing disease, anti-arrhythmic drug treatment); evaluation of quality of life
and hospitalisations; evaluation of circadian patterns of ventricular arrhyth-
mias.

Patient Selection

The inclusion criteria comprise ICD indications (class I–IIA) according to
the guidelines and implantation of an ICD capable of ATP for FVT via VF.
Exclusion criteria are: patient life expectancy less than 1 year due to a non-
cardiac chronic disease; patient on heart transplant list which is expected
within 1 year; patient’s age less than 18 years; unwillingness or inability of
patient to provide written informed consent; patient’s enrolment in, or inten-
tion to participate in, another clinical study during the course of this study;
patient’s inaccessibility for follow-up at the study centre; presence of ventric-
ular tachyarrhythmias associated with reversible causes; presence of
Brugada syndrome, long QT syndrome, or hypertrophic cardiomyopathy;
presence of other electrical implantable devices, such as neurostimulators or
others; mechanical tricuspid valve.

Study Size and Duration

The study will enrol a minimum of 220 patients within 2 years. The study
will continue for a period of 12 months after the enrolment of the last
patient; total study duration will thus be approximately 3 years.

The sample size has been chosen in order to have a collection of episodes
comparable with those in the PainFREE Rx trial [6].

Device Programming

The device will be programmed according to the randomisation as shown in
Table 1. Since only the FVT are considered for analysis, type and program-
ming of VT therapies are left to the investigators’ discretion. FVT and VF
detection zones will be identical for all patients (Fig. 1):
- VF detection zone < 320 ms
- Optional VT detection zone > 320 ms
- FVT detection zone > 240 ms and < 320 ms
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Data Collection Before Device Implantation

Baseline clinical data will be collected at study enrolment. These data include
a complete clinical history particularly designed to capture cardiopulmonary
symptoms and the occurrence and characteristics of ventricular arrhythmias
before randomisation.

Follow-Up

Patients will be evaluated at follow-up visits as per clinical practice.
Whenever the patients have episodes, an unscheduled follow-up visit will be
performed as soon as possible. At each visit, the patient’s clinical status will
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Table 1. First FVT therapy programming in the two study arms

Burst ATP arm Ramp ATP arm

Group treatment ATP 8 pulses ATP 15 pulses
Therapy no. 1
Amplitude 8 V 8 V
Pulse width 1.6 ms 1.6 ms
Therapy type Burst Ramp
Number of initial pulses 8 8
R–S1 interval (%RR) 88% 91%
Interval decrement 10 ms 10 ms
Minimum interval 200 ms 200 ms
Number of sequences 1 1
NID VF 18/24 18/2
RNID VF 9/12 9/12

FVT therapies nos. 2–6 Shock Shock

FVT, fast ventricular tachycardia; NID, number of interval detection; RNID, redetection 

240 ms

250 bpm

320 ms

188 bpm

OPTIONAL VT ZONE

VF ZONE

FVT ZONE

240 ms

250 bpm

320 ms

188 bpm

OPTIONAL VT ZONE

VF ZONE

FVT ZONE

Fig. 1. Study programming



be recorded and the ICD interrogated; each stored arrhythmic event will be
analysed and collected by save-to-disk procedures.

For patients not showing up at scheduled follow-up visits, they or their
relatives will be contacted to know some about their life status.

Anti-arrhythmic Drug Therapy

Anti-arrhythmic drug therapy is left to the physician’s discretion.

Data Analysis

Only the first ATP therapy will be considered as the basis for determining
treatment success or failure. Success rates will be determined by episode.
They will be corrected to take into account multiples episodes using the gen-
eralised estimating equations (GEE) method.

Appendix

Active study sites and investigators of PITAGORA ICD study are:
S. Luigi–S. Currò – Catania: Michele Gulizia, Giuseppina Francese; Garibaldi –
Catania: Salvatore Mangiameli, Giuseppe Doria; S Sebastiano – Caserta: Franco
Mascia, Pasquale Golino; Pugliese Ciaccio – Catanzaro: Vincenzo Antonio Ciconte,
Roberto Ceravolo; ASL 10 – Polistena: Rocco Mario Polimeni, Giuseppe Meduri;
Civico – Palermo: Stefano Sammartano, Umberto Giordano; Cannizzaro – Catania:
Francesco Lisi, Francesco Liberti; Civile – Milazzo: Ludovico Vasquez, Francesco
Badessa; Umberto I – Enna: Vasco Calogero, Carmelo Battaglia; Villa Sofia – Palermo:
Orazio Pensabene; S. Giovanni di Dio – Agrigento: Ignazio Vaccaro, Calogero
Catalano; Papardo – Messina: Giuseppe Busà, Santina Patané; S. Antonio Abate –
Trapani: Calogero Puntrello; Muscatello – Augusta: Giacomo Chiarandà, Gianfranco
Muscio; S. Elia – Caltanissetta: Salvatore Giglia; Vittorio Emanuele – Catania: Alfredo
Virgilio, Antonio Circo; Civile – Ragusa: Vincenzo Spadola, Guglielmo Piccione;
Iazzolino – Vibo Valentia: Michele Comito; Ferrari – Castrovillari: Giovanni
Bisignani, Giovanni Sanpasquale; G. Rummo – Benevento: Marino Scherillo,
Domenico Capobianco; Moscati – Avellino: Giuseppe De Fabrizio, Francesco Rotondi;
Clinica Mediterranea – Napoli (Naples): Pasquale Nocerino; Monaldi – Napoli
(Naples): Lucio Santangelo, Cavallaro; Perrino – Brindisi: Maria Cristina Scianaro, G.
Ignone; Civile – Piacenza: Alessandro Capucci, Giovanni Quinto Villani.
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MADIT II/SCD-HeFT Results: Have They Already Achieved an
Impact in Europe?

A. ARENAL, M. ORTIZ

Sudden cardiac death (SCD) is among the most common causes of death in
developed countries, and even though there has been a reduction in total
cardiac mortality, the percentage of deaths that are sudden has increased.
This has resulted primarily from an increase in out-of-hospital sudden
deaths. Moreover, SCD is the first presentation of cardiac disease in 33–50%
of patients. Coronary artery disease is the most common underlying disease,
being responsible for approximately 75% of all SCDs. The two most impor-
tant risk factors for SCD are a left ventricular ejection fraction (LVEF) less
than 40% and clinical congestive heart failure. The risk of mortality related
to ejection fraction increases markedly when the LVEF falls below 40%.
Interestingly, the incidence of SCD decreases from NYHA functional class I
to class IV. It is most frequent in class II patients: in this setting, more than
half of patients will die suddenly. As result of these epidemiological charac-
teristics, primary prevention of SCD has targeted patients with coronary
artery disease and congestive heart failure and significant depression of
LVEF, which means mainly patients in functional classes II and III [1–4].

The MADIT II study included patients with a LVEF of less than 30% with
a prior infarct (more than 1 month before enrollment) and no other risk
stratification criteria. The study enrolled 1232 patients, 60% of whom
received ICDs versus 40% who received conventional therapy. MADIT II was
stopped before its completion after a follow-up period of 20 months, when a
30% relative reduction in mortality was demonstrated. However, the absolute
reduction was only 5.6%. Although the MADIT II inclusion criteria have
been accepted as a class IIA indication for ICD implantation, there is signifi-
cant controversy regarding costs and applicability to the general population
[5]. Like most ICD studies, MADIT II mainly enrolled patients who were hos-
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pitalised, i.e. they were high-risk patients undergoing treatment. The mortal-
ity rate of the control group in MADIT II is probably higher than the mortal-
ity rate of patients who meet the enrollment criteria but who are found in a
different setting.

The SCD-HeFT study randomised patients with clinical heart failure on
stable medical therapy to (1) ICD plus optimal pharmacological therapy, (2)
optimal pharmacological therapy plus amiodarone, or (3) optimal pharma-
cological therapy. This study included patients with heart failure with or
without ischaemic heart disease in NYHA classes II–III and LVEF of 35% or
less. To avoid the deleterious effect of right ventricular pacing, back-up pac-
ing was not triggered until the heart rate dropped to 34 bpm and was set to
pace at only 50 bpm. The mean LVEF of the 2521 patients enrolled was 25%,
70% of patients were in NYHA class II and the remainder were in class III,
52% of patients had ischaemic heart disease, and the mean QRS duration
was 112 ms. With a median follow-up of 45.5 months, the mortality rate in
the placebo group was 36.1% at 5 years or 7.2% per year. ICD therapy
reduced all-cause mortality by 23% at 5 years.

As a result of these trials and other primary prevention trials, as occurred
after MADIT I and MUSTT, the rate of ICD implantation is expected to
increase significantly in the United States. However, in Europe the impact of
these studies is still questionable. Although the incidence of SCD and sur-
vival rates are similar in the US and in Western Europe, the implantation rate
in Europe is still markedly lower: whereas in 2001 the implantation rate was
208 per 1 million inhabitants in USA, in Europe it was 44 per million.
According to the Medtronic Implantation Register, 50% of implants in the US
and 23% of implants in Germany were for primary prevention. Undoubtedly
the publication of the MADIT II trial has modified the indication for ICD
implantation, but, if we compare the percentage of implantations between US
and Europe, the impact seems to be geographically variable.

The next data must be considered with some caution since owing to the
lack of national and transnational databases only partial information is
available. In Germany only 8% of ICDs were implanted on the basis of a
MADIT II indication (Guidant Implantation Records). In 2003, primary pre-
vention, including patients fulfilling the MADIT II criteria, represented 10%
of a total of 1500 ICD implantations reported to the National ICD Database
in Spain. In our institution only 12% of implants performed during 2004
were due to MADIT II indications.

Detailed screening of postinfarction patients suggests that more than
1000 patients per year should meet the MADIT II criteria just in Spain [6].
According to these data only a minority of patients who fulfill the MADIT II
criteria are receiving an ICD. Why this imbalance between suitable candi-
dates and treated patients? There are several possible reasons:
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1. Current guidelines do not consider a single trial, such as MADIT II,
enough evidence for a class I indication.

2. Although MADIT II scores over MADIT I and MUSTT by avoiding com-
plex, time-consuming, and expensive screening processes for candidates,
the results of the latter two trials were markedly superior. Both showed a
55% reduction in total mortality and a 75% reduction in SCD. In MUSTT,
there was an absolute reduction of SCD of 23%. This meant that three
devices had to be implanted to save one life. Cost-effectiveness analyses
of these studies suggested a cost of $16 000 to $22 000 per year of life
saved – an extremely cost-effective result. In MADIT II there was no sig-
nificant effect on mortality during the first year of follow-up; moreover,
the absolute risk reduction was 5.6%. Therefore, in this trial around 18
ICDs are needed to save a life. In agreement with these observations, we
have reported that despite their having a lower LVEF, MADIT II patients
have a lower incidence of ventricular tachycardia (VT) and sustained VT
than do MUSTT/MADIT I patients. No differences were found between
MUSTT patients and secondary prevention patients [7].

3. In the SCD-HeFT trial all-cause mortality at 5 years was reduced by only
23% in the ICD group compared with placebo. The trial suggests that
only about one patient in 10 will benefit from an ICD over 3–5 years.
Moreover, the ICD benefit seems to be concentrated in patients from
Canada and New Zealand, who had a 63% reduction in mortality, com-
pared to an 18% reduction in mortality in US patients.

Conclusions

The MADIT II study and the SCD-HeFT studies suggest that the ICD reduces
total mortality in patients with patients with LV dysfunction. However, the
cost-effectiveness of this treatment makes it far from affordable. Better selec-
tion of patients that could benefit from an ICD might increase the cost-effec-
tiveness and decrease the percentage of patients in whom an ICD will only
produce inappropriate discharges and other undesirable effects. Subgroup
analysis has demonstrated a progressive increase in effectiveness of the ICD
as QRS duration increases. Little benefit was derived in patients with a QRS
of less than 0.12 s, whereas if a QRS duration of 0.15 s was used as a cut-off,
a marked reduction in SCD was observed, comparable to that in MUSTT and
MADIT I. Similarly, in the SCD-HeFT trial the relative benefits of ICD thera-
py appeared greater in patients with NYHA class II heart failure, the group
in which sudden death is expected to predominate. There seemed to be no
benefit in patients with NYHA class III heart failure.
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Short QT: The Novel Gaita Syndrome?

F. GAITA1, C. GIUSTETTO1, F. DI MONTE1, R. SCHIMPF2, C. WOLPERT2, M. BORGGREFE2

Ventricular fibrillation is the main cause of sudden death. It may occur in
subjects with known heart disease, but also in subjects with an apparently
normal heart. In the last 50 years inherited heart conditions have been
described which may cause sudden death in the absence of heart disease.
They share the common feature of being caused by genes encoding defective
ion channel proteins. In most of the cases the diagnosis may be made from
the 12-lead electrocardiogram. The most studied is long QT syndrome,
described for the first time by Jervell and Lange-Nielsen [1] at the end of the
1950s and characterised by a long QTc interval at 12-lead ECG. During the
last few decades the literature on long QT has constantly increased (even if
in the first 10 years only 25 cases were described), while short QT has been
substantially ignored. Algra et al. [2], however, in 1993 reported that in a
group of 6693 patients who underwent 24-h Holter monitoring, a mean QTc
< 400 ms was related to a two-fold risk of sudden death compared to an
intermediate QTc value (400–440 ms) and similarly to patients with a mean
QTc > 440 ms.

Only recently has the association between short QT interval and sudden
death [3] on the one hand and atrial fibrillation [4] and short QT interval on
the other been recognised and short QT syndrome identified as a genetic
disorder [5, 6]. 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 ECG and several cases of sudden death in the family history [3].
Factors that shorten the QT interval include an increase in heart rate, hyper-
thermia, increased calcium or potassium plasma levels, acidosis, and alter-
ations of the autonomic tone. Secondary causes of transient QT interval

1Divisione di Cardiologia, Ospedale Civile, Asti, Italy; 21st Department of Medicine,
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reduction were ruled out in these patients. This alteration of the repolarisa-
tion was documented in all available ECGs recorded at different time points
and ages, with a QT interval always less than 300 ms (Fig. 1), without signif-
icant dynamic changes during heart rate variations or on exertion. A QT
interval constantly below 300 ms was proposed to define 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 life, sometimes in children in the first months of life. Sudden death is
often the first clinical presentation. Syncope and palpitations with documen-
tation of atrial fibrillation even at a young age and of ventricular extrasys-
toles are other symptoms related to short QT syndrome. In the observed
patients invasive and non-invasive evaluation confirmed 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 consider that QT interval is the electrocardiographic
expression of ventricular repolarisation, and there is a constant relationship
between the ventricular effective refractory period (ERP) and the QT inter-
val. At 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.
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Fig. 1. Twelve-lead ECG of a 31-year-old patient who had experienced palpitations and
presyncope. Sinus rhythm; heart rate 96 bpm; normal atrioventricular conduction; left
axis deviation; narrow, tall, and peaked T waves in V2–V3; QT interval 220 ms; QTc 270
ms



Sudden death in the presence of short QT interval occurred in several
generations in the described families, in both male and female subjects, sug-
gesting an autosomal dominant mode of inheritance. Ventricular repolarisa-
tion is determined by the properties and the equilibrium of the inward sodi-
um and calcium currents and of the outward potassium currents. The molec-
ular 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 outward currents. Two different missense
mutations were first identified in HERG (KCNH2), the gene encoding for the
rapidly activating delayed rectifier potassium channel, IKr, causing a gain of
function in the channel [5]. Subsequently, congenital short QT was linked
also to a mutation in KCNQ1 (KvLQT1), causing a gain of function in IKs , the
slowly activating delayed rectifier potassium current [6].

Because of the high incidence of sudden cardiac death and the absence of
known drug therapy, placement of an implantable cardioverter–defibrillator
(ICD) is presently the first-choice therapy [2, 7]. ICD implantation, however,
is not feasible in every patient. For this reason we administered various anti-
arrhythmic drugs to patients with short QT syndrome to evaluate whether
they could prolong the QT interval into the normal range and thus potential-
ly prevent symptoms and arrhythmia recurrences [8]. As the mutations
found in our first families increase the activity of IKr, leading to heteroge-
neous abbreviation of action potential duration and refractoriness, 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 pro-
long the QT interval. The mutation must cause the loss of some of the physi-
ological regulatory mechanisms, and IKr become no longer sensitive to drugs
that normally have a specific action on it. Quinidine, on the other hand, pro-
duced a marked prolongation of the QT interval, which then entered the nor-
mal range, and of ventricular ERPs, preventing induction of ventricular fib-
rillation. Furthermore, quinidine treatment produced the appearance of an
obvious ST segment and of broader T waves. The effect of quinidine may be
explained by the fact that this drug has a widespread effect of blocking the
potassium currents; besides acting on IKr, it also blocks the slow component
of the delayed rectifier potassium current (IKs), the inward rectifier (IKi), the
ATP-sensitive potassium channel (IKATP), and the transient outward potassi-
um current (Ito). This finding is particularly important because these
patients are at risk of sudden death from birth, and ICD implant is not feasi-
ble in very young children. Moreover, quinidine therapy could be proposed
to patients who refuse an ICD or to those who are getting frequent shocks
from the device to limit ICD intervention, and in the prevention of atrial fib-
rillation episodes. Long-term follow-up of patients with ICD who receive
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quinidine, however, is needed to clarify whether this drug may be an alterna-
tive to ICD implantation.

In conclusion, short QT syndrome is an autosomal dominant genetic dis-
order with a high incidence of sudden death. Short QT should always be con-
sidered 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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Remote Patient Management of ICD: Of What Value Is It in
Clinical Practice?

S. SERMASI, M. MARCONI, M. MEZZETTI, G. PIOVACCARI

Introduction

The benefits of the implantable cardioverter-defibrillator (ICD) have been
established in the primary and secondary prevention of ventricular arrhyth-
mias and sudden cardiac death. Patients with ICDs require regular monitor-
ing to ensure that the implanted device is working appropriately. At present
monitoring is undertaken at a pacemaker centre with equipment and experi-
enced staff. The number of ICD implantations is growing rapidly, underlin-
ing the necessity of developing new methods for patient- and doctor-friendly
control of their function. The standard follow-up protocol for patients who
have received ICDs includes a first outpatient check-up 1 month after
implantation and a quarterly device interrogation by radiotelemetry [1]. If
patients experience any problems between check-up visits that may be relat-
ed to the device, they generally have to return to the device clinic.

Most published studies demonstrated a cumulative incidence of adequate
ICD-delivered therapy ranging from 20% to over 60% depending on the
duration of follow-up (6 months to 4 years) [2–4]. In our experience, 73% of
ICD patients implanted in secondary prevention and 42% in primary pre-
vention received appropriate ICD therapy during a 5-year and 4-year follow-
up respectively. The Canadian Implantable Defibrillator Study (CIDS), dur-
ing an 11-year follow-up, showed that 70% of the ICD group had appropriate
therapy [appropriate shock or appropriate antitachycardia pacing (ATP)]
and 50% received inappropriate therapy, including ATP, one shock or more
inappropriate shocks [5]. This cause a high number of event-related or
symptom-related visits to add to routinely scheduled follow-up visits.

Operative Unit of Cardiology, Infermi Hospital, Department of Cardiovascular Diseases,
AUSL Rimini, Italy



Based on the manufacturer’s analysis and/or device interrogation, 72% of
death events in ICD patients were associated with malfunctioning ICDs,
leads, or both [6]. ICD follow-up systems should include methods that can
identify defects before they cause catastrophic events.

In addition, patients who have received ICDs often need to be re-pro-
grammed several times on the basis of changes in their clinical status or con-
comitant anti-arrhythmic therapy that successfully modifies the frequency
and recurrence of ventricular arrhythmias.

Efforts are being made to introduce remote device-based monitoring sys-
tems that can wirelessly transmit device information from the patient to the
pacemaker clinic. Besides the money saving in healthcare costs by reducing
outpatient visits and emergency admissions, the opportunity to follow the
patient over an uninterrupted time period should improve patient care [7].
In addition, so much information, significantly increasing the communica-
tion between physician and patient, is useful for patients who may have con-
cerns about the device or their cardiac health: this too contributes to
improving patients’ quality of life.

Available Technologies

Home Monitoring (HM) Service

Chiodi has described technical characteristics and some clinical benefits of
the HM Service  (Biotronik GmbH & Co., Berlin, Germany) [8]. This system
uses an implanted chip that transmits diagnostic data from the ICD to a
modified GSM mobile phone unit. The ICD is able to send the data over a
distance of about 2.5 m to the receiver. The receiver, which is battery pow-
ered, can be placed in the loading tray beside the patient or can be carried
around with him. The information transmitted includes the number of ven-
tricular tachyarrhythmias detected in each different monitor zone and ATP
and shock therapies delivered, besides data about battery voltage, pacing and
shock impedance, and device status. The message is then forwarded as an
encrypted short message via the standard SMS procedure to the remote
Service Centre, i.e. the central data processing unit to which all implant data
are sent. Data are generated and transmitted either at set times (automatical-
ly every 24 h), following an event (the termination detection after treat-
ment), or as a patient-triggered message. At the Service Centre incoming
messages are automatically decrypted, the contents are collected into a data-
base, and a Cardio Report is then sent to the physician in charge of the
patient. The entire process takes a few minutes and requires no involvement
on the patient’s part.

Several studies have been performed to explore the clinical benefits of
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HM technology in patients who have received Biotronik ICDs [9–11]. Elsner
et al. published an interim analysis of the collected data from 177 ICD
patients followed for 232 ± 109 days [12]. On the basis of daily HM informa-
tion, ventricular tachyarrhythmias were detected in 39% of patients, 36% of
whom received ICD therapy. Detected arrhythmias included 550 ventricular
tachycardia (VT) and 239 ventricular fibrillation (VF) episodes. Nine hun-
dred and eighty-five ATP attempts were documented in 34 patients, with a
mean success rate of 70.2% (one or more attempts). Three hundred and thir-
ty-two shock therapies were initiated in 53 patients, 200 of which were
aborted. The preliminary report from the WAMMI study [13] provided inter-
im data analysis in 180 ICD patients who were followed for a mean of 9
months. Two hundred and fifty-two episodes of VT or VF were detected via
HM, 98 of which were terminated by programmed ATP and 58 by shock.
Additional reports have focused on the use of the HM Service to evaluate
effects of drugs or to detect supraventricular tachyarrhy thmias or
lead/device defects [14–16].

Continuous monitoring of device-delivered therapies as soon as they
occur, appropriate or inappropriate, their success rate, and the incidence of
relevant tachyarrhythmias may contribute to optimising how the device can
work to help modifying programming and drug therapy. Furthermore, the
HM Service may allow prompt detection of lead- or ICD-related technical
failures which can be catastrophic to the patient [17].

CareLink Patient Management Network

The CareLink (CL) monitoring and software package (Medtronic Inc.,
Minneapolis, Minn., USA) allows the physician to collect data via a website
from patients with implanted Medtronic ICDs. The CL includes a portable
monitor used by patients to self-interrogate their ICD. The data are automati-
cally downloaded by the monitor and sent through a standard telephone con-
nection, directly to the secure Medtronic CL Network where doctors view and
analyse patient device data stored on the server [18]. The transmission
includes all data within the device memory: stored episodes, device parame-
ters, and diagnostics. A 10-s rhythm electrogram is available at the time of the
interrogation. Clinicians access their patients’ data by logging onto the clini-
cian website from any internet-connected PC, and patients can also view infor-
mation about their device and condition on their own personal website [19].

In the CareLink trial 59 patients from 10 follow-up clinics across the
United States completed 119 transmissions [18]. Review of the data transmis-
sions revealed several clinically relevant findings such as asymptomatic
episodes of paroxysmal atrial fibrillation, atrial sensing failures, and VT. The
quality of the web-accessed data was comparable to that of in-office device
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interrogation. As a result, patients enjoy a timely and convenient connection
to their care team and physicians may offer better patient care besides an
improvement in the cost-effectiveness of clinic operations.

Housecall Plus Remote Patient Monitoring System

The Housecall Plus (HP; St. Jude Medical Co., Sylmar, Calif., USA) is a moni-
toring system to transmit complex ICD data: a full, in-office, programmer-
based interrogation (electrograms, surface ECGs, delivered therapies and
stored electrogram, etc.) in real time over standard telephone lines directly
from patient to medical professional [20]. The patient must hold a transmit-
ter over the ICD and the telephone is placed in a special cradle. Information
is transmitted to a processing centre and then compiled and sent to the
physician. During a 12-month study [21], 570 transmissions were received,
revealing 54 delivered ICD therapies, 22 aborted therapies, and 30 episodes
of non-sustained ventricular arrhythmias. In addition, 32 instances of trou-
ble with the ICD or with the leads connected to the heart were revealed.
Patients consider the transtelephonic ICD follow-up provided by HP satisfac-
tory and easy to use, reducing the number of device clinic visits for routine
follow-up and unwarranted trips to the emergency department.

Comment

All studies found high patient and physician satisfaction with the methods
delivering remote monitoring of implanted devices. The ability to transmit
information from any telephone connection means that patients have the
comfort of knowing that their condition can be monitored wherever they
are. Positive benefits include better use of resources including hospital-based
staff, improved patient care, and the economic benefits associated with fewer
unnecessary hospital admissions and patient transport costs [7]. The next
step will be for these systems to allow the doctor to program the device with-
out having the patient present [22].
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BLSD Prevention of Sudden Death: What Is the Difference
Between Lay People and Medical Professionals?

M. SANTOMAURO1, N. MONTEFORTE1, C. RIGANTI2, E. FEBBRARO1, C. LIGUORI1,
A. COSTANZO1, L. D’AGOSTINO DI SALVATORE1, A. CASAFINA1, M. CHIARIELLO1

Sudden death (SD) is a real concern for medicine today, especially as it can
occur in people with no signs of disease at all. It can be the first symptom of
an underlying problem. The substrate for cardiac arrest is ventricular fibril-
lation (VF) or tachycardia (VT) in about 75% of cases, bradyarrhythmias in
20%, and atrioventricular dissociation in 5%. In the United States, more than
350 000 new cases of cardiac arrest are recorded annually, while in Italy it
strikes more than 60 000 people every year, with a 10% overall mortality,
20% of this in people with no signs of disease at all. Survival to hospital dis-
charge after out-of-hospital cardiac arrest (OHCA) remains poor, generally
only in the 5% to 20% range, from the best of emergency response centres.
The chances of surviving a cardiac arrest are strongly dependent on the
speed of intervention and, especially, on correct execution of the four funda-
mental operations that represent the ‘chain of survival’. The first step is acti-
vation of the emergency system, if the patient is unconscious, immediately
followed by basic cardiopulmonary resuscitation known as ‘basic life sup-
port’ (BLS) [1–4], which consists of sequences of chest compression and arti-
ficial ventilation. Defibrillation, the third step (BLSD), is the only treatment
that can stop VF/VT, while advanced cardiac life support (ACLS) is the last
step, all according the ILCOR and AHA Guidelines 2000 [2, 5].

Since its discovery, external defibrillation has been the cornerstone of
emergency cardiac care (ECC) and the principal intervention in most suc-
cessful resuscitations from full cardiac arrest. The most effective interven-
tion for VF is rapid defibrillation. In certain environments, survival rates can
approach 80–100% when defibrillation is achieved within the first few min-
utes of a cardiac arrest. Despite efforts to bolster emergency medical care by
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broadening training in defibrillation to include emergency medical techni-
cians in addition to paramedics, response times for OHCA remain unaccept-
ably long. The development in Italy of semi-automatic external defibrillators
(AEDs) is due to Monteleone’s law promulgated on 3 April 2001, which allows
non-medical personnel to use semi-automatic defibrillators if trained.
Further technological developments in recent years have made these devices
more portable and simpler to use. With these improvements and the recogni-
tion that time to defibrillation is one of the most critical, if not the most
important, factors in clinical outcome, AED use by laypersons has developed
widespread support [6, 7]. More widespread use of AEDs may significantly
affect response times to OHCA and therefore affect survival.

The AED identifies VF in cardiac arrest victims and provides the means
to deliver defibrillation shocks. The operator is required neither to make
judgements regarding the cardiac rhythm nor to confirm the need for defib-
rillator shocks. Recent advances have enhanced the ease of use of AEDs,
including instructional verbal prompts, simplified displays, and icons to help
in proper pad placement. An emphasis on human-factors design has simpli-
fied the steps that the user has to perform. In addition, the application of
more effective low-energy biphasic waveforms to these devices as a means of
energy delivery has significantly reduced their size and enhanced their
portable nature. The clinical utility of biphasic waveform use in victims of
OHCA has been well demonstrated. More efficient use of energy by biphasic
waveform AEDs leads to smaller capacitors and batteries. This contributes to
the significantly smaller overall size of the newest AEDs.

The impetus for support of the broader use of AEDs derives from obser-
vations that the single most important factor determining outcome from car-
diac arrest is time to defibrillation. Providing defibrillation to a cardiac
arrest victim improves survival by about 10% per minute during the first 10
min of the arrest. Use of AEDs by trained lay people has been shown to
improve survival from OHCA. Likewise, use of AEDs in OHCA by medical
professionals has significantly improved response times and yielded survival
rates as high as 58%. Even if lay people can be trained effectively to the use
of AED, they cannot use the manual defibrillator as the medical practitioner
does, and showed a longer time of utilisation for the defibrillation than the
time spent by the medical practitioner (Fig. 1). Moreover, recently a com-
pletely automatic trainer defibrillator has been introduced that allows us to
train lay people in the use of the new device. Anyway Monteleone’s law men-
tions only the use of AEDs and not about the automatic one, which by con-
trast can be used by the medical practitioner. Moreover, the AHA has recent-
ly approved the use of defibrillator even for children between 1 and 8 years,
using the specific paediatric patches.
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Undoubtedly, many public arenas exist in which response times by trained
medical personnel may be unacceptably long. The AHA estimates that wider
use of AEDs by first-line responders could avert 20 000 to 100 000 deaths per
year. Several studies show that AEDs can be used safely and effectively by
rescuers with minimal or no previous training in their use, although speed,
compliance, and safety can still be improved. These studies support the idea
that the use by citizens of publicly accessible AEDs is feasible, and that
organised AED training should also focus on community responders and on-
site responders. The initial programmes on the use of AEDs by people other
than medical professionals involved community responders such as police
officers and fire-fighters [8–11]. More recently data have become available
from studies based on on-site schemes in which AEDs have been placed in
strategic locations such as airports and casinos, or a hybrid approach with
on-site AED location plus involvement of community responders [12–15].
Several studies suggest that a tiered response system increases survival rates
even if it reduces the time to shock only by 1 or 2 min [16, 17]. Overall sur-
vival rates in the various studies vary from less than 3% to over 50%. Time to
shock varies remarkably among studies, ranging approximately from an esti-
mated 2 to 11 min.

In seeking a reduction of the time from the onset of VF to defibrillation,
deployment of AEDs in public places is a very attractive option. Two large-
scale observational studies involving airlines have been carried out [13–17].
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Fig. 1. Time from beginning of the scenario to delivery of AED shock. Mean time to
defibrillation was 88 ± 7 s for lay people and 67 ± 9 s for the medical professionals
(MP)
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Both studies reported remarkable results for treatment of witnessed VF, with
greater than 55% survival, and confirmed that time to shock is a major
determinant of success. However, a high incidence of unwitnessed cardiac
arrest and non-shockable rhythms also occur. Identification and training of
the medical practitioner, community, on-site, and home responders should
be guided by analysis of the local environment.

A new area of debate centres on whether cardiopulmonary resuscitation
(CPR) is an important component of training for rescuers who are not
healthcare professionals. Some studies indicate that survival can increase
when rescuers use an AED without delivery of BLS [18]. However, other stud-
ies show that BLS can increase survival significantly if combined with early
defibrillation [19]. Some authors, however, have not questioned the potential
value but rather the feasibility of CPR undertaken by lay people. Concern has
been raised about reluctance among lay people to perform CPR on a stranger
using mouth-to-mouth ventilation due to aversion or fear of infection.
Therefore concern exists that linking CPR administration to defibrillation
may limit the acceptance of AEDs. The use of chest compressions only as a
substitute for CPR may represent an acceptable alternative for lay people, but
this needs further research.

In conclusion, AEDs have developed concurrently with our understand-
ing of time to defibrillation as a crucial factor determining the outcome of
cardiac arrest [20–23]. Historically, the complexity and size of AEDs dictated
that they could be used only by trained medical professionals. Recent tech-
nological developments and emphasis on human-factors design have made
these devices much more portable and straightforward to use. These factors
have supported the notion of a broader use of AEDs, including by lay per-
sons. The absolute differences between lay people and medical professionals,
however, were small and may be of little clinical relevance. Furthermore, lay
subjects demonstrated proficiency in electrode placement and safety precau-
tions with the AED system used. These findings suggest that use of this AED
by untrained lay people may be feasible. The utility of a simplified training
program may be in helping a user perform under the pressure and anxiety of
an actual emergency rather than learning a complex operational task.
Otherwise it is very important that a BLSD course also includes CPR tech-
nique.
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ACC/ESC Recommendations for the Clinical Management of
Hypertrophic Cardiomyopathy: A Practical Perspective

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

In November 2003 the American College of Cardiology (ACC) and the
European Society of Cardiology (ESC) published in the Journal of the
American College of Cardiology an expert consensus document on hyper-
trophic cardiomyopathy (HCM) to inform practitioners about the state of the
art in managing this particular disease [1]. HCM is a genetic disease which
can cause sudden cardiac death (SCD), particularly in young people (includ-
ing athletes). As HCM is uncommon (1:500 in the general population) [2],
many cardiologists do not see many patients with this disease, and may
therefore have some difficulty in managing the cases of the patients they do
see.

This document has been written by specialists with extensive experience
of managing HCM. However, the statements and treatment strategies put for-
ward by the panel are very cautious owing to the considerable difficulties
involved in reaching conclusions: (1) because the disease is uncommon, the
available data are relatively limited; (2) HCM has a broad disease spectrum,
so individual patients may have very different risk profiles; (3) large-scale
controlled and randomised study designs (as in coronary artery disease) are
not available. Consequently most information derives from non-randomised
and retrospective studies.

Genetics and Phenotypic Expression of the Disease

HCM is inherited as a mendelian autosomal dominant trait and is caused by
mutations in any one of 10 genes, each encoding protein components of car-
diac sarcomere composed of thick or thin filaments with contractile, struc-

Division of Cardiology, Hospital of Conegliano (Treviso), Italy



tural, or regulatory functions [3]. This genetic diversity is compounded by
intragenic heterogeneity, with about 200 mutations now identified, most of
which are missense, with a single amino acid residue substituted by another
[4]. The molecular defects responsible for HCM are usually different in unre-
lated individuals. The phenotypic expression of HCM is the product not only
of the mutation itself but also of modifier genes and environmental factors
[5]. These factors account for the phenotypic variability of affected individu-
als even in the same family, carrying identical disease-causing mutations.

There is increasing recognition of the role of genetics in the genesis of
the electrophysiological abnormalities associated with left ventricular
hypertrophy (LVH) such as atrial fibrillation (AF) [6], Wolf-Parkinson-White
(WPW), or heart block [7]. Furthermore, particular mutant genes seem to be
associated with a particularly high risk of sudden death [3].

Not all individuals harbouring a genetic defect will express the clinical
features of HCM at all times during life. In fact there is no minimal LV wall
thickness required to be consistent with the presence of an HCM-causing
mutant gene [2, 8]. It is common for children less than 13 yeas old to be
‘silent’ mutation carriers without evidence of LVH on an echocardiogram.
Most commonly the spontaneous appearance of LVH occurs during the ado-
lescent years, with the morphological expression usually complete at the
time of physical maturity, about 17-18 years of age [9]. Finally, some studies
have demonstrated age-related penetrance and late onset of the phenotype,
in which delayed and de novo appearance of LVH occurs in mid-life and
even later [10].

Laboratory DNA analysis for mutant genes is the most definitive method
for establishing the diagnosis of HCM. At present, however, even in the USA
[1], there are several obstacles to the translation of genetic research into
practical clinical applications and routine clinical strategy.

Clinical Characteristics and Natural History of HCM

The diagnosis of HCM is easily established echocardiographically by demon-
strating LVH, which is typically asymmetrical in distribution. Left ventricular
wall thickening is associated with a non-dilated and hyperdynamic chamber
in the absence of any other cardiac or systemic disease (e.g. hypertension).

The usual clinical diagnostic criterion for HCM is a maximum LV thickness
greater than or equal to 15 mm. However, genotype–phenotype correlations
have shown that virtually any wall thickness (including those within normal
range) may be compatible with the presence of a HCM mutant gene [10, 11].

Patients with HCM may present with outflow obstruction under resting
conditions or develop dynamic subaortic gradients in response to provoca-
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tive manoeuvres (Valsalva manoeuvre, effort) or agents (isoproterenol) [11].
Obstruction may be either subaortic (caused by systolic anterior motion of
the mitral valve leaflets) or mid-cavity in location. It is generally recognised
that a subaortic gradient of 30 mmHg or more reflects true mechanical
impedance to outflow.

The clinical course of HCM is variable; patients may remain stable over
long periods of time, with up to 25% of a HCM cohort achieving normal
longevity (> 75 years) [11, 12]. However, for many patients the course may
be punctuated by adverse clinical events. The main adverse events are the
following: (1) sudden cardiac death (SCD); (2) progressive symptoms (angi-
na, dyspnoea, syncope) in the presence of preserved systolic function; (3)
progressive congestive heart failure; (4) embolic stroke, mainly attributable
to atrial fibrillation (AF).

Recent reports from non-tertiary centres, not subject to referral bias, cite
annual mortality rates in the region of about 1% per year [10, 11]. For
patients aged over 50 years at diagnosis, the probability of survival for 5, 10,
and 15 years is 85%, 74%, and 57%, which is not significantly different from
that in the general population [12]. However, there are subgroups of patients
within the broad HCM spectrum with annual mortality rates exceeding 1%,
in some studies as high as 6% per year [13–15].

Risk Stratification for Sudden Cardiac Death

Sudden cardiac death (SCD) may be the initial manifestation of HCM, most
frequently in asymptomatic or mildly symptomatic young people [11, 16, 17].
In the USA, HCM is the most common cause of cardiovascular SCD in young
athletes [18].

This devastating complication, however, is infrequent and high-risk HCM
patients constitute only a minority of the overall disease population [10–15].

SCD is most frequent in adolescent and young adults (less than 35 years
old). However, the risk of SCD also extends through mid-life and beyond [18,
19]. The basis of this particular predilection of SCD for the young is unre-
solved. The available data suggest that SCD in HCM is related to malignant
ventricular arrhythmias.

Many risk markers have been identified. The highest risk for SCD has
been associated with a number of factors [16, 20] (Table 1). Major factors
are: (1) Prior cardiac arrest or (2) spontaneously occurring and sustained
ventricular tachycardia (VT); (3) family history of premature HCM-related
SCD, particularly in a close relative or multiple in occurrence; (4) unex-
plained syncope, particularly in the young or exertional or recurrent; (5)
wall thickness > 30 mm, particularly in adolescent and young adults; (6)
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abnormal blood pressure response during upright exercise; (7) non-sus-
tained VT on Holter monitoring of at least 120/min. Minor factors (possible
in individual patients) are: (1) AF; (2) myocardial ischaemia; (3) LV outflow
obstruction; (4) identification of a high-risk mutant gene; (5) intense physi-
cal exertion.

Syncope. Syncope can be a premonitory symptom of SCD. However, the
sensitivity and specificity of syncope or presyncope as a predictor of SCD is
low, possibly because most such events in this disease are probably not in
fact secondary to arrhythmias or related to outflow obstruction. There are
many potential causes of syncope in HCM, such as vagal, neurally mediated
syndromes, etc. [11, 15].

Extreme LVH (>30 mm). This is observed in about 10% of patients [21].
Paradoxically, most patients with extreme LVH do not experience marked
symptomatic disability. Although most patients who die suddenly have a wall
thickness of less than 30 mm, extreme LVH is associated with a higher risk
of SCD. Some authors suggest a substantial long-term risk in patients with a
wall thickness greater than 30 mm: 20% over 10 years and 40% over 20 years
(annual mortality 2%) [21]. Other investigators, however, have maintained
that extreme hypertrophy is a predictor of SCD only when associated with
other risk factors such as unexplained syncope, etc. [22]. On the basis of such
data the ACC/ESC panel [1] suggests that, ‘although it is not resolved as to
whether extreme hypertrophy as a sole risk factor is sufficient to justify a
recommendation for prevention of SCD with an ICD, serious consideration
for such an intervention should be given to young patients’.
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Table 1. Risk factors for sudden cardiac death in HCM (ACC/ESC consensus docu-
ment)

Major
Cardiac arrest (ventricular fibrillation)
Spontaneous sustained ventricular tachycardia
Family history of premature sudden death
Unexplained syncope
LV thickness ≥ 30 mm
Abnormal exercise blood pressure
Non-sustained ventricular tachycardia

Possible in individual patients
Atrial fibrillation
Myocardial ischaemia
Left ventricular outflow tract obstruction
High-risk mutation
Intense physical exertion



NSVT. Ventricular arrhythmias are a frequent feature in patients with
HCM. About 90% of adults present with premature ventricular beats, which
are often frequent or complex, ventricular couplets in about 40%, and NSVT
in 20–30% [23]. Some authors suggest a prognostic value only for NSVT
encountered in young patients, but not in adults [24].

Atrial fibrillation. AF is the most common sustained arrhythmia in HCM,
occurring in 20–25% of patients [25]. AF is well tolerated in about one-third
of patients and is not considered an independent determinant of SCD [26].
However, it is possible that in certain susceptible patients AF may trigger
malignant ventricular arrhythmias [27]. Furthermore, paroxysmal AF may
also be responsible for acute clinical deterioration with syncope or heart fail-
ure resulting from reduced diastolic filling and cardiac output. AF is inde-
pendently associated with heart-failure-related death and the occurrence of
fatal and non-fatal stroke [26].

Myocardial ischaemia. Chest pain may be reported both by young and
adult patients. In the latter coronary artery disease may coexist with HCM. In
any case, chest discomfort in HCM is probably due by bursts of myocardial
ischaemia. In fact scars are frequently found at autopsy in HCM [28], while
in living patients fixed or reversible myocardial perfusion defects can be
documented [29]. Myocardial ischaemia is probably a consequence of abnor-
mal microvasculature, consisting of intramural coronary arterioles with
thickened walls and narrow lumen. One report suggests that short-tunnelled
(bridged) intramyocardial segments of the left anterior descending coronary
artery independently convey increased risk for cardiac arrest, probably
mediated by myocardial ischaemia [30].

LV outflow obstruction (gradient > 30 mmHg). It is generally accepted
that LV outflow obstruction can only be regarded as a minor risk factor for
SCD. In fact the impact of gradient on SCD risk is not sufficiently strong to
merit a role as the predominant deciding clinical parameter and the primary
basis for decision to intervene with an implantable cardioverter–defibrillator
(ICD) [31].

High risk mutation. It has been proposed, on the basis of genotype–phe-
notype correlations, that the genetic defects responsible for HCM could rep-
resent the primary determinant and stratifying marker for SCD, with specific
mutations conveying either favourable or adverse prognosis [3, 4, 10]. For
example, it has been suggested that some cardiac β-myosin heavy chain
mutations (such as Arg403Gln and Arg719Gln) and some troponin-T muta-
tions are associated with a higher incidence of SCD [1, 3]. However, some
authors suggest that routine clinical testing has low yield [32], and the
ACC/ESC panel of experts [1] state that at present ‘it is premature to draw
definite conclusions regarding gene-specific clinical outcomes based solely
on the presence of a particular mutation’.
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Electrophysiological study (EPS). Programmed ventricular stimulation is
of limited value in stratifying the risk of SCD in HCM [11, 15, 33]. In contrast
with post acute myocardial infarction patients, monomorphic VT is rarely
induced. On the contrary, polymorphic VT and ventricular fibrillation (VF)
are frequently induced by aggressive stimulation protocols even in low-risk
subjects [33]. As in coronary artery disease and in dilated cardiomyopathy,
the induction of polymorphic VT and/or VF is considered a non-specific
finding. In sum, EPS is generally not indicated in HCM. It may have a value
in patients with unexplained syncope or sustained palpitations to detect
supraventricular re-entrant tachycardias or monomorphic VT.

In conclusion, several risk factors have been identified in HCM. However,
most of the clinical markers of SCD risk are limited by a relatively low posi-
tive predictive value, due in part to relatively low event rates. On the other
hand, these markers have a high negative predictive value (> 90%).
Therefore the absence of risk factors can be used to identify patients who
have a low likelihood of SCD.

Prevention of Sudden Cardiac Death

Historically, treatment strategies to reduce the risk of SCD have been predi-
cated on the administration of drugs such as beta-blockers [11, 15, 34], vera-
pamil [11, 34], type IA anti-arrhythmic agents (quinidine, disopyramide)
[35] and, more recently, amiodarone [36, 37]. However, there is no evidence
that this practice is effective in mitigating the risk of SCD. Other therapies
targeted to reduce LV outflow tract obstruction have been employed, such as
surgical septal myectomy, percutaneous alcohol septal ablation, and pace-
maker implantation. Despite their clinical benefit, no single one of these pro-
cedures has demonstrated a favourable effect in reducing the risk of sudden
death. Finally, ICD implantation has been proposed, which certainly has the
ability to interrupt malignant ventricular arrhythmias, but the indications
for which, owing to the difficulty of identify accurately the patients at high-
est risk, are in part questionable.

Beta-blockers. Beta-blockers are a preferred drug treatment strategy for
symptomatic patients with outflow gradients present only during exertion.
In fact there is little evidence that they reduce LV obstruction at rest. These
agents lessen LV contractility and possible reduce microvascular myocardial
ischaemia. They should be closely monitored in young patients because even
moderate doses can affect growth, impair school performance, or trigger
depression in children and adolescents [11].

Verapamil. Verapamil has been widely used empirically in the past with a
reported benefit for many patients [11]. However, this drug may also har-
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bour a potential for adverse consequences. It has been reported to cause
death in a few HCM patients with severe disabling symptoms related to
marked outflow obstruction [34]. Adverse haemodynamic effects are pre-
sumably the result of the vasodilating properties predominating over nega-
tive inotropic effects, causing a worsening of outflow obstruction and pul-
monary hypertension up to the point of cardiogenic shock. SCD has been
reported in infants as a result of intravenous administration of the drug [34].

Disopyramide. This drug was introduced for its negative inotropic effect,
producing a benefit in severely limited patients by decreasing outflow
obstruction and mitral regurgitant volume [35]. Disopyramide may prolong
the QT interval, possibly increasing the risk of malignant ventricular
arrhythmias.

Amiodarone. Some reports suggest a favourable effect of this drug on the
risk of SCD [36, 37]. Amiodarone has been suggested for use as a bridging
treatment in very young high-risk children intended to receive an ICD later,
after sufficient growth and maturation has occurred [1]. However, its efficacy
has not been proved in randomised controlled studies.

Surgical septal myectomy. Persistent, long-lasting improvement in dis-
abling symptoms and exercise capacity has been demonstrated for this pro-
cedure [11, 15, 34, 38, 39]. The effect of surgery per se on longevity is unre-
solved due to the lack of controlled randomised studies. However, there is
some suggestion in retrospective non-randomised studies that surgical relief
of outflow obstruction in severely symptomatic patients may reduce long-
term mortality and possibly SCD [40].

Percutaneous alcohol septal ablation. This treatment reduces LV outflow
obstruction, although to a lesser degree than surgery [41]. The long-term
effect of this procedure is unknown, because to date only relatively short fol-
low-ups are available. As alcohol ablation produces a scar, a facilitating effect
on re-entrant arrhythmias cannot be excluded. In any case, the impact of this
procedure on the incidence of SCD is unresolved.

Dual-chamber pacing. A favourable effect of pacing in HCM with LV out-
flow obstruction has been demonstrated in randomised, cross-over, double-
blind studies, although this favourable effect was less than suggested by the
observational studies [42, 43]. However, there is no evidence that pacing
reduces the risk of SCD.

Implantable cardioverter–defibrillator. According to the ACC/ESC expert
panel [1], when the risk of SCD is judged to be unacceptably high, the ICD is
the most effective and reliable treatment. Randomised controlled studies in
HCM (such as in post acute myocardial infarction or heart failure patients)
are not available. Only one multi-centre retrospective study is available, con-
ducted in high-risk patients who underwent ICD implantation for secondary
or primary prevention of SCD [44]. In this study, appropriate device inter-
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ventions occurred at a rate of 11% per year in secondary prevention and 5%
per year for primary prevention. In the latter case, it must be emphasised
that patients were generally asymptomatic or mildly symptomatic and were
implanted on the basis of common non-invasive risk factors (syncope, family
history of SCD, LVH > 30 mm, etc.).

The ICD is strongly warranted for secondary prevention of SCD in
patients with spontaneous episodes of cardiac arrest and/or VT (class I
according to ACC/AHA/NASPE and ESC guidelines) [20, 45].

Because of the low positive predictive value of any single risk factor, ICD
implantation for primary prevention is questionable. The ACC/AHA/NASPE
2002 guidelines designated the ICD for primary prevention of SCD as a class
IIb indication [45]. In 2001, the ESC Task Force on Sudden Cardiac Death
[20] suggested categorising ICD for primary prevention as a class IIa indica-
tion in the presence of multiple major risk factors.

The ACC/ESC expert panel [1] suggests managing patients on an individ-
ual basis in clinical practice, taking into account the overall clinical profile
including age, the strength of the risk factor identified, and the potential
complications, largely related to lead systems and to inappropriate device
discharges. Among risk factors, a family history of SCD in close relatives and
LVH > 3 mm in subjects less than 35 years old are suggested to be strongly
considered in deciding about ICD implantation.
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Risk Identification in Arrhythmic Athletes with Fatal or
Resuscitated Cardiac Arrest

F. FURLANELLO1, A. BERTOLDI2, C. FURLANELLO3, G. GALANTI10, P. MANETTI10,
F. FERNANDO4, F. TERRASI5, M. DALLAGO2, L. GRAMEGNA2, M. BARBARESCHI9, A. BIFFI6,
G. VERGARA7, G. INAMA8, G. BUTERA1, C. ESPOSITO1, M. MARANGONI12, G. THIENE11,
R. CAPPATO1

Although rare and uncommon, sudden cardiac death (SCD) in young com-
petitive athletes is a devastating event [1–18]. The identification of potential
mechanisms precipitating SCD may help to prevent future events in athletes
with similar conditions [1, 3, 13, 16].

Methods

We report on 30 years of continuous monitoring (see Table 1) of a popula-
tion of 2640 young competitive athletes identified with important arrhyth-
mias (2286 males; mean age 21.5 years), 345 (13%) competing at the interna-
tional elite level (298 males; mean age 24.4 years). The arrhythmic athletes
were evaluated with a codified individualised study protocol [1, 3, 7, 16].

Study subjects

Two categories of athlete are considered:
1. Athletes in whom cardiac arrest (CA) may be considered predictable:

a) Those with exertional premonitory cardiac symptoms that may indi-
cate significant cardiac abnormality: syncope, prolonged palpitations,
dyspnoea, and chest pain;
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Hospital, Crema; 9Department of Pathology, S.Chiara Hospital, Trento; 10Sport Medicine
Centre University, Florence; 11Institute of Pathology, University of Padua Medical
School, Padua; 12University of Verona, Italy 



b) Those with a cardiac risk, i.e. identified as having life-threatening
arrhythmias by cardiological screening, according to the current rec-
ommendations for athletic eligibility (26th Bethesda Conference 1996,
NASPE Consensus Conference 2001 [15], Italian COCIS 2003). This
population included athletes not compliant with treatment and/or
banned athletic activity.

2. Athletes in whom CA occurred as a ‘first cardiac symptom’.

Diagnostic Screening

For each athlete, the risk assessment, if necessary, included: family and past
history, clinical evaluation, routine blood tests (including thyroid tests), rest-
ing and stress test ECG, Holter recording, also during intense physical activity,
cardiac events recorder, implantable loop-recorder, 2D–Doppler echocardiog-
raphy, stress echocardiography (baseline and during exercise), transoe-
sophageal echocardiography, CT, MRI, 3D MR angiography, signal-averaged
ECG, head-up tilt-test, specific blood test (i.e. for viral agents, vector-borne
pathogens), pharmacological testing (flecainide administration, isoproterenol
infusion), genetic studies, transoesophageal electrophysiological (EP) study
(until 1996), endocavitary EP study also with new mapping methods, cardiac
catheterisation and angiography, endomyocardial biopsy, (as of 2001) micro-
volt T-Wave Alternans (mTWA) before EP study [16]. Necropsy was performed
in all athletes who died and the pathological investigation of the heart was car-
ried out in the majority of the cases at the Institute of Pathology, University of
Padua, according to methods previously reported [16, 19–21].

Results

During 30 years of monitoring, 62 major events were reported in 58 athletes,
24 of which (0.9%) were SD (4 with prior CA on field), while 38 (1.4%) were
CA. In the subset of elite athletes, the major events were 13 (22.4%), made up
of 6 SD (1.7%) and 7 (2.0%) CA (Table 1).
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Table 1. Competitive athletes with arrhythmias (summary of the population studied
from 1974 to April 2004)

Athletes N Male Female Average Follow-up N with SD N with CA
age (years) (months,

min.–max.)

All 2640 2286 354 21.5 3-190 24 (0.9%) 38 (1.4%)
athletes

Elite 345 298 47 24.4 3-180 6 (1.7%) 7 (2.0%)
athletes



Underlying Condition

Underlying conditions among victims of CA and SD were: arrhythmogenic
right ventricular dysplasia (ARVD) 15 (9 CA, 6 SD), Wolff–Parkinson–White
syndrome (WPW) 9 (7, 2), myocarditis 9 (3, 6), coronary artery disease 7 [3
(1 congenital), 4], dilated cardiomyopathy 7 (4, 3), mitral valve prolapse 3 (1,
2), Lev-Lenègre disease 4, hypertrophic cardiomyopathy 3, primary electrical
heart disease 1, long QT syndrome 1, commotio cordis 2 (1, 1) non compact
myocardium with catecholaminergic polymorphic VT (CPVT) [1] (Table 2).
CA/SD were observed in competitive arrhythmic athletes regardless of rank-
ing; 13 of the 58 (22.4%) were elite professional athletes.
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Table 2. Underlying condition among young competitive athletes with fatal and resusci-
tated cardiac arrest (CA)

Fatal CA Resuscitated CA Total CA
Events % Events % Events %

ARVD 6 25 9 23.6 15 24.2

WPW 2 8.3 7 18.4 9 14.5

Myocarditis 6 25 3 7.9 9 14.5

Coronary artery disease 4 16.6 3a 7.97 7 11.3

Dilated cardiomyopathy 3 12.5 4 0.6 7 11.3

Lev-Lenègre disease - - 4 10.6 4 6.4

Hypertrophic - - 3 7.9 3 4.8
cardiomyopathy

Commotio cordis 1 4.16 1 2.6 2 3.2

Non-compact myocardium - - 1 2.6 1 1.6
with catecholaminergic 
polymorphic VT

Mitral valve prolapse 2 8.3 1 2.6 3 4.8

Long QT syndrome - - 1 2.6 1 1.6

Primary electrical 
heart disease - - 1 2.6 1 1.6

Total 24b 38 62

ARVD, arrhythmogenic right ventricular dysplasia; WPW, Wolff–Parkinson–White
syndrome; VT, ventricular tachycardia
a 1 congenital
b 4 with prior CA



CA/SD were exercise-related in the majority of cases (90%), occurring
either during practice (51.8%) or during competition (48.2%) (Table 3). The
mechanisms responsible for SCD on the athletic field were mostly represent-
ed by destabilisation of an arrhythmogenic substrate. Ventricular tachycar-
dia/fibrillation was the most frequent final event (~90% of the cases), with
asystole in the remaining patients (Table 4). The majority of athletes (>  60%)
suffered CA/SD after warning symptoms during exertion and/or with an
arrhythmic risk already identified. The remaining athletes had CA/SD as the
first, unpredictable presentation.

282 F. Furlanello et al.

Table 3. Relationship between CA/SD and exercise activity

Activity CA SD Total

At rest 2 4 6 (9.6%)

Exertion 36 20 56 (90.4%)

Practice 19 10 29 (51.8%)

Competition 17 10 27 (48.2%)

Table 4. Risk identification in athletes with CA/SD: documented or induced decisive
arrhythmic events

VT/VF 44

Torsades de pointes 2

Pre-excited AF 11

Total VF 57 (91.9%) 

Paroxysmal AV block 4

Asystolic commotio cordis 1

Total asystole 5 (8.1%)

VT, ventricular tachycardia; VF, ventricular fibrillation; AF, atrial fibrillation; AV, atri-
oventricular

Clinical Outcome and Management

The follow-up ranged from 12 to 208 months. At the last clinical control, 24
subjects had deceased and 34 were alive. Among these, 7 are active in sports
after successful radiofrequency catheter ablation (WPW), 3 are alive with
complete recovery (1 commotio cordis, 2 myocarditis). In 5, a cardiac pace-
maker was implanted. In 15, an implantable cardioverter–defibrillator (ICD)
was implanted, with hybrid therapy in all. The ICD discharges happened in
all but two. The time from implantation to first discharge ranged from 2 to



40 months. In 5, radiofrequency catheter ablation for refractory VT was per-
formed. Four subjects are on long-term anti-arrhythmic drug treatment. One
young subject underwent surgical correction of congenital coronary artery
anomaly.

Summary

An unpredictable fatal and/or resuscitated CA occurred as first symptom
only in 37% of the competitive athletes, independently of ranking (30% were
in elite athletes). The underlying diseases were mainly myocarditis, coronary
artery disease, WPW, and commotio cordis. CA/SD were observed in compet-
itive arrhythmic athletes regardless of their ranking and was exercise-related
in the majority of cases, occurring during either practice or competition;
only in few cases occurred at rest (in subjects with WPW, coronary artery
disease, myocarditis, or dilated cardiomyopathy).

Warning symptoms such as exertional syncope and severe palpitations
and/or an already identified risk with arrhythmological work-up occurred in
63% of cases, independently of ranking (70% in elite athletes with CA/SD).
Twenty-five percent of the athletes were totally non-compliant with treat-
ment and/or banned from athletic activity.

Conclusions

Competitive athletes, including those at elite level, identified as being at high
risk of arrhythmias must be forbidden athletic activity until the risk is still
present in the individual subject. Additional measures should include a peri-
odical clinical check-up, an appropriate life-style, anti-arrhythmic drug
administration, interventional and/or hybrid therapies with special regard to
ICD implantation, and, when possible, RFCA (i.e. in subjects with WPW, ven-
tricular tachycardia recurrences, storm of ICD interventions). Every effort
must be made to continuously add in to the arrhythmological clinical
approach to the competitive athlete the newest non-invasive (genetic studies,
T wave alternans study [16], etc.) and invasive risk stratifiers (electrophysio-
logical testing and mapping), together with the newest cardiac imaging
investigation tools.

This long-term ongoing arrhythmological study of a large population of
young competitive athletes offers an opportunity of making known in the
sport world any information that can realise an early diagnosis as well as
strong clinical management of subjects at high risk of CA/SD, particularly in
those with exertional premonitory cardiac symptoms or with a cardiac risk
already identified.
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Physiological Pacing: Perspective

I.E. OVSYSHCHER

Does Physiological Pacing Exist?

When introduced about 25 years ago, dual chamber pacing (DDD) was
declared a ‘universal’ or ‘physiological’ mode of pacing. Lately, another defin-
ition of DDD pacing has emerged: ‘true physiological pacing.’ If there is ‘true
physiological pacing’, logically there should also be ‘false’ or ‘spurious’ physi-
ological pacing.

Physiological pacing ‘may be achieved only by preserving, or, if that is
impossible, by restoring or attempting to imitate the normal electrophysio-
logical characteristics of the heart [i.e. normal chronotropism of cardiac
rhythm with normal sino-atrial and atrioventricular (AV) activation] [1].
This paper will discuss current data regarding both kinds of ‘physiological’
pacing for patients with sinus node dysfunction.

The available ‘true’ physiological pacemaker is equipped with modern
sophisticated diagnostic and therapeutic systems and features. However,
even these sophisticated systems cannot support the requirements listed
above for physiological pacing and provoke prolonged intra-atrial and intra-
ventricular, interatrial and interventricular conduction time. This alterna-
tion in conduction time may significantly modify synchronisation in the
activation and contraction of the right and left heart and especially the left
ventricle (LV) [1]. From the electrophysiological (EP) and haemodynamic
points of view, a patient with DDD pacing is identical to the patient with
ectopic right atrium (RA) rhythm originating from the location of the atrial
lead and ectopic ventricular rhythm originating from the right ventricle
(RV) apex. Consequences of permanent alterations in atrial conduction may
lead to atrial arrhythmias such as atrial fibrillation (AF); RV apical pacing
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leads to abnormal, retrograde depolarisation comparable with left bundle
branch block (LBBB). As a result, DDD pacing leads to a combination of EP
patterns of ectopic atrial and ectopic ventricular rhythm. When heart rate
increases to more than 100 bpm, these rhythms should be classified as
ectopic atrial tachycardia and ectopic ventricular tachycardia [1]. These EP
alternations may lead to haemodynamic consequences. However, up to 10
years ago there was no solid evidence regarding adverse outcomes of ‘physio-
logical’ pacing and the central subject for discussion was dual chamber ver-
sus ventricular single chamber pacing (VVI/R). The initial assumption that
DDD was superior to VVI was based on the intuition that the maintenance of
AV synchrony afforded by DDD pacing is very important and is adequate to
imitate normal EP patterns; later there were numerous retrospective studies
which presented a significant body of evidence regarding the lower morbidi-
ty and mortality associated with atrial-based versus ventricular pacing
[1–4]. Over the last 10 years the results of several prospective trials have
been published where, surprisingly, no difference in mortality appeared
between physiological and non-physiological pacing (VVI/R), and the differ-
ence in morbidity was significantly less [6–12]than had been previously
believed [2–4]. The next period which significantly changed the credibility of
‘physiological’ pacing, was the beginning of the twenty-first century. In this
period the studies tested the hypothesis that, even when AV synchrony is
preserved, ventricular desynchronisation imposed by RV apical pacing
increased the risk of congestive heart failure (CHF) and AF [13–17].

Physiological Pacing for Sinus Node Dysfunction

Sinus node dysfunction (SND) is the dominant indication for cardiac pacing
in many countries [5]. The optimal pacing mode for treatment of sympto-
matic SND has been debated for long time. A large number of observational
studies have indicated that selection of pacing mode may be a factor in the
clinical outcome for patients with symptomatic bradycardia in terms of
development of AF, thromboembolism, CHF, mortality, and quality of life
[2–4]. These retrospective studies were criticised for selection bias, and it
was suggested that the only way to avoid this bias was to perform ran-
domised controlled trials of pacing mode selection [2, 4]. The recent data
from six randomised trials on mode selection in patients with SND will be
discussed below.

The AAI vs VVI Trial

Ten years ago the AAI vs VVI trial, the first randomised trial comparing AAI
and VVI pacing in 225 consecutive patients with SND and normal AV con-
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duction, was published by Andersen et al. [6]. After a mean follow-up of 40
months, 23% of the patients in the VVI group had AF compared with 14% in
the AAI group (P = 0.12). Three years later, after an extended follow-up to a
mean of 5.5 years, the differences in occurrence of AF between the AAI
(24%) and VVI (35%) groups had increased substantially in favour of AAI
pacing (P = 0.012) [7]. The Kaplan–Meier curves of freedom from AF
diverged after 3 years of follow-up, indicating a delay after pacemaker
implantation before the deleterious effect of VVI or the beneficial effect of
AAI pacing becomes evident. In the VVI group NYHA functional class
increased during follow-up (P < 0.001), and the use of diuretics increased.
These findings were associated with a decrease in LV fractional shortening
and an excess dilatation of the left atrium (LA) in the VVI group as com-
pared with the AAI group [8]. Total mortality was significantly less in the
AAI group (P = 0.045), and the excess mortality in the VVI group was due
to cardiovascular deaths [7].

The PASE Trial

In 1998 the Pacemaker Selection in the Elderly (PASE) Trial, the first ran-
domised trial of VVIR versus DDDR pacing, was published [9, 10]. A total of
407 patients with SND, AV block, or other indications were included. Cross-
over from VVIR to DDDR pacing because of pacemaker syndrome occurred
in 26% of patients. The primary end-point was health-related quality of life,
which did not differ between the two treatment groups at the end of follow-
up. There was no significant difference in the incidence of AF between treat-
ment groups.

The Italian Trial

At the same time Mattioli et al. reported a randomised trial [11] which
included 210 patients with AV block and SND and with no history of prior
AF. Patients received either VVI/VVIR, or a ‘physiological pacemaker’
(AAI/DDD/DDDR/VDD). Follow-up was up to 5 years. An increase in the
incidence of chronic AF was observed in patients with SND who received
VVI/VVIR pacing (P < 0.02).

The CTOPP Trial

This was the first large-scale randomised trial of pacing mode selection in
patients with SND and AV block, published in the year 2000 [12]; it included
1474 patients with VVI/VVIR pacemakers and 1094 patients with physiologi-
cal pacing (DDD/DDDR or AAI/AAIR). Mean follow-up was 3 years (range
2–5 years). No significant difference was observed in the primary end point
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(stroke or cardiovascular death) between treatment groups. The
Kaplan–Meier curves of AF diverged after 2 years of pacing and an 18% risk
reduction was observed in the physiologically paced group (P = 0.05). After
an extended follow-up, (up to 6 years) still no significant difference between
treatment groups was observed in regard to the primary end-point. AF
remained more frequent in the VVIR group while the difference between
groups significantly increased (P = 0.009) [13].

The MOST Trial

In the MOST trial, published in 2002 [14], 2010 patients with SND were
included. All patients were implanted with a DDDR pacemaker, and after-
wards the programming was randomly assigned to VVIR or DDDR pacing
mode. A total of 313 patients (31%) crossed over from VVIR to DDDR.
Pacemaker syndrome was the reason for cross-over in 16% of VVIR patients.
At the end of follow-up AF was more frequent in the VVIR than in the DDDR
group (P = 0.008). No differences were observed between groups in the pri-
mary end-point death or non-fatal stroke or in the end-points all-cause mor-
tality, cardiovascular death, stroke, or ‘death-stroke-or-hospitalisation for
CHF’. Recently the MOST investigators have reported a correlation between
cumulative percentage of ventricular pacing (Cum%VP) and an increasing
risk of hospitalisation for heart failure [15]. Increasing Cum%VP was found
to be clearly associated with an increasing incidence of AF both during VVIR
and during DDDR pacing.

The AAIR vs DDDR Trial

In another Danish study [16], a total of 177 consecutive patients with SND,
normal AV conduction, and no bundle branch block were randomised to
treatment with AAIR and DDDR pacemakers programmed with a short AV
interval (DDDR-s) or DDDR pacemaker programmed with a long AV interval
(DDDR-l). Mean follow-up was 2.9 ± 1.1 years. In the AAIR group no signif-
icant changes were observed in such echocardiographic parameters as LA
and LV diameter and LV fractional shortening (LVFS) from baseline to last
follow-up (primary end-points). In both DDDR groups, LA diameter
increased significantly (P < 0.05), and in the DDDR-s group, LVFS also
decreased significantly (P < 0.01). AF was significantly less common in the
AAIR group, 7.4% vs. 23.3% in the DDDR-s group vs 17.5% in the DDDR-l
group (P = 0.03). The proportion of RV pacing was 90% in the DDDR-s
group and 17% in the DDDR-l group. The risk of developing AF in the AAIR
group compared to the DDDR-s group was significantly decreased after
adjustment for brady-tachy syndrome [relative risk 0.27 (95% CI 0.09–0.83),
P = 0.02]. Mortality and CHF did not differ between groups.
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Ongoing Trials

Two randomised trials of mode selection in SND are ongoing [18]. The DAN-
PACE trial, comparing AAIR and DDDR pacing in 1900 patients, was started
in 1999 in Denmark. Inclusion is expected to be completed in 2007. Mean fol-
low-up will be 5.5 years. The primary end-point is all-cause mortality; AF is
a secondary outcome event.

The Systematic Trial Of Pacing for Atrial Fibrillation (STOP-AF) [18] is
designed to test VVI pacing vs. DDD or AAI pacing in 350 patients with
regard to the incidence of chronic and paroxysmal AF.

Discussion

According to data available from randomised trials, VVI/R pacing is an unat-
tractive therapy for patients with SND, increasing the incidence of AF, CHF,
thromboembolism, and death compared with AAI/R pacing. DDDR also
increased LA and LV size and decreased LV function, and probably as a
result of these changes, patients with DDDR had increased incidence of CHF
and AF compared with those with AAIR pacing. The lack of ventricular
desynchronisation in the AAI/R mode may explain the remarkable benefit of
atrial pacing compared with VVI/R and DDD/R pacing obtained by the
Danish group in patients with SND, in a protocol where the investigation
focused only on the role of AV synchrony. These findings are supported by
data from the recent DAVID trial (The Dual Chamber and VVI Implantable
Defibrillator trial) comparing ICDs with DDDR (70 bpm) and VVI (40
bpm) respectively [17]. Higher mortality and hospitalisation for new or
worsened CHF were significantly more common in the DDDR group, most
likely due to ventricular desynchronisation caused by RV pacing. The harm-
ful consequences of RV pacing in the MOST trial also appeared related to
non-physiological LV contraction [15]. The MOST study found a correlation
between the cumulative percentage of RV pacing index and the development
of AF.

The same mechanism probably explains the higher incidence of new or
worsened CHF in the ICD group than in the conventionally treated group in
the MADIT II trial [19]. The effect of RV apical pacing on LV activation pat-
terns and times is similar to that observed during LBBB [20, 21]. RV apical
pacing results in asynchronous ventricular activation and delayed LV activa-
tion time due to slow initial propagation of the electrical wavefront through
ventricular myocardium rather than through the His–Purkinje system. The
greater the mass of ventricular myocardium activated by muscle-to-muscle
conduction prior to activation of the Purkinje system, the longer the QRS
duration and the greater the ventricular asynchrony. It is therefore not sur-
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prising that apical RV pacing is pathological and imposes acute and chronic
adverse effects on ventricular haemodynamic function, myocardial perfu-
sion, and cellular structure [20, 21]. These experimental data are validated by
the above-mentioned clinical observations that chronic ventricular pacing in
both the VVI/R and the DDD/R modes causes increased left heart size and
reduced LV function compared with normal heart activation and atrial pac-
ing, which presumably explains the adverse outcomes in the clinical trials
cited previously. Furthermore, ventricular desynchronisation may explain
why the difference between DDD/R and VVIR in the PASE, MOST, and
CTOPP trials only was modest; the beneficial effect of preserving AV syn-
chrony was partly outweighed by the harmful effect of ventricular desyn-
chronisation. It should be emphasised that in none of the studies mentioned
was AV interval optimised, which may compensate harmful outcome of RV
pacing [1].

Conclusions

Significant outcomes of adverse effects of RV apical pacing are established.
In patients with SND, AAI/R pacing is preferable and its adverse effects are
not yet widely accepted. This mode of pacing can be presently recognised as
closest to physiological. Only in this pacing mode did outcomes of a ran-
domised trial [6–8] support previous observational studies regarding mor-
bidity and mortality. Despite this, the use of atrial pacing has been limited
[22] by concern about the development of AV block. In patients with conduc-
tion system disease and AV block, alternatives to RV apical pacing are need-
ed to address the issue of ventricular synchrony [23].

Obviously, there is no one available physiological pacemaker for patients
who need ventricular pacing. In patients with LV dysfunction, interventricu-
lar synchrony is possibly more important than AV synchrony and can be
restored by biventricular pacing. There is no study that demonstrates that
optimal AV synchrony may neutralise ventricular asynchrony due to apical
RV pacing. Meanwhile, for the patient who needs ventricular pacing, apical
RV pacing should be minimised as much as clinically possible. The role of
optimisation of AV interval and/or alternate site(s) for atrial and ventricular
pacing have yet to be established. An alternative site may be at any location
in the endocardium as well as in epicardium of one or both of the atria and
the ventricles [21, 23].

Late note

In the January issue of Circulation (2005, 111:174–181) a paper by Rinfret et al. advo-
cating the use of DDDR in patients with SND was published. Data in the paper are
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based on 4-year follow-up of MOST patients. The authors concluded that for treating
patients with SND, dual-chamber pacing is cost-effective in comparison with single
chamber ventricular pacing.

So, for patients with SND, VVI/R is worst; dual chamber is better and AAI/R (if
possible) is better than both.
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Optimal Pacing Site in the Atrium and the Ventricle for
Patients with Sino-Atrial Disease

G. SENATORE, C. AMELLONE, G. DONNICI, B. GIORDANO, G. TRAPANI, J.I. ROCANOVA,
M. FAZZARI

Patients with sick sinus syndrome (SSS) present symptoms due to bradycar-
dia and chronotropic incompetence. Pacemaker implantation is indicated in
these patients because it eliminates symptoms and improves quality of life.
Besides, many patients with sino-atrial disease have a high incidence of atri-
al arrhythmias, mainly atrial fibrillation (AF; brady–tachy syndrome) [1]. In
1983, Coumel et al. were the first to observe the efficacy of overdrive atrial
pacing to prevent recurrences of vagally mediated AF [2]. In the following
years many studies were performed to investigate alternative pacing strate-
gies to reduce the incidence of AF.

Atrial Pacing

Retrospective uncontrolled studies have yielded concordant results suggest-
ing that AAI/R or DDD/R (physiological pacing) is associated with a lower
incidence of chronic AF [3, 4]. Connolly et al. provided the first substantial
evidence that atrial or dual-chamber pacing was useful in reducing progres-
sion to permanent AF as compared to ventricular pacing in patients with SSS
(2.6% vs 6.8%, respectively) [5]. Other studies confirmed a modest benefit
offered by physiological pacing, significant after at least 2 years from implant
[6–9]. Conclusions from these trials suggested that a history of AF and sinus
node dysfunction represent major risk factors of recurrent chronic AF after
pacemaker implantation. No difference was observed in the incidence of AF
in patients paced for atrioventricular (AV) block according to pacing mode.
These beneficial effects of dual-chamber pacing in reducing AF recurrences
may involve both mechanical and electrophysiological factors. Atrial or dual-
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chamber pacing provides synchronised filling patterns and ventricular con-
traction, prevents consistent retrograde conduction, and reduces atrial over-
load and stretch. In addition, atrial pacing can prevent AF by eliminating
pauses caused by bradycardia and by suppressing atrial ectopic beats. In con-
clusion, these studies proved a certain benefit conferred by atrial pacing in
preventing AF in patients with SSS, and great interest was aroused in investi-
gating the optimal pacing site.

The rationale for alternative site pacing is derived from the fundamental
premise that conduction delays in the atrium are essential to the initiation of
intra-atrial re-entrant mechanisms that underlie AF. These conduction
delays may be in part anatomical and in part functional [10–12]. Besides, in
patients with prolonged interatrial conduction time, a standard atrial lead
position in the right appendage may produce deleterious left heart timing
intervals, reducing the benefits provided by physiological pacing. Based on
these observations, different pacing strategies were attempted in order to
improve the modest benefit from right appendage pacing in patients with
SSS.
- Biatrial pacing. This approach utilises synchronous atrial pacing from

the high right atrium and the coronary sinus. The aim is to reduce pro-
longed interatrial delay. D’Allones et al. reported a series of 86 patients
with remarkable interatrial delay. After biatrial pacing, P wave duration
was significantly reduced (187 ± 29 ms vs 106 ± 14 ms, P < 0.01) and 64%
of patients were in stable sinus rhythm [13].

- Dual-site right atrial pacing. Pacing is obtained from a first lead in the
high right atrium and a second screw-in active fixation lead positioned at
the coronary sinus ostium. Saksena et al. [14] reported a first experience
with 30 patients. At 3-year follow-up 56% of patients were free from AF.
The DAPPAF investigators [15] enrolled 120 patients with recurrent AF
and bradycardia requiring pacing. Dual-site pacing tended to prolong the
time to first AF recurrence and to improve quality of life. The SYNBIA-
PACE study [16] investigated 42 patients with a history of AF, prolonged
duration of P wave, and intra-atrial conduction. At 9-month follow-up,
dual-site pacing was shown to have increased the time to first AF recur-
rence and reduced the AF burden.

- Bachmann’s bundle. Bachmann’s bundle (BB) serves to conduct cardiac
impulses from the right to the left atrium. Some studies of acute BB pac-
ing observed reduced P wave duration, increased symmetry of atrial acti-
vation, and decreased inducibility of AF [17, 18]. A multi-centre prospec-
tive randomised study compared the efficacy of BB regional pacing in 120
patients (57 patiens with pacing from atrial right appendage and 67
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patients with pacing from BB). Investigators observed significant short-
ening of P wave duration. At 1-year follow-up 75% of the patients paced
at BB were free from chronic AF, compared with 47% paced at the tradi-
tional site [19].

- Interatrial septum. Pacing at the interatrial septum is intended to achieve
simultaneous pacing of both atria. Various approaches to atrial pacing
have been evaluated. In 1997 Spencer et al. presented a initial experience
with the atrial lead (Medtronic 4058) positioned in the most anterior
region of the right interatrial septum. This approach allowed both atria to
be paced simultaneously [20]. In patients with standard indications for
pacemaker implantation and episodes of AF, the atrial septum was paced
at the posterior triangle of Koch. This approach was safe and feasible and
significantly reduced mean P wave duration and symptomatic episodes of
AF [21]. Other reports, and our own experience, confirm the observation
of clinical benefits in terms of reduction of AF recurrences in patients
with a septal atrial lead [22, 23].
Besides alternative pacing sites, other strategies have been attempted in

order to improve the efficacy of pacing in preventing AF recurrences. Several
prospective studies have demonstrated that a faster atrial pace results in a
higher percentage of paced beats and a reduction of AF recurrences. In order
to increase the percentage of atrial pacing and to reduce sudden rate changes
after premature beats, new algorithms have been proposed. These algorithms
provide atrial pacing at a rate which is maintained only slightly higher than
the intrinsic rate and reduces the dispersion of refractoriness. Many studies
have evaluated the role of these algorithms in patients with AF recurrences.
Benefit derived from pacing at an alternative site could be increased with the
use of algorithms, and several authors evaluated this combined strategy. The
ASPECT trial evaluated the combined role of an atrial septal lead location
and atrial pacing algorithms in the prevention of atrial tachyarrhythmias in
298 patients. The algorithms did not succeed in reducing AF burden and fre-
quency, regardless of atrial lead position; however, prevention pacing was
associated with a reduced frequency of premature atrial contractions and
with a reduced frequency of symptomatic atrial tachyarrhythmia only in
patients with atrial septal leads [24].

Finally, these studies demonstrated that interatrial septum pacing is safe
and feasible, avoids the technical problems due to the use of two atrial leads,
and permits simultaneous activation of both atria. Compared to the tradi-
tional right appendage pacing, septal pacing reduces AF recurrences and
progression to chronic AF. Patients with SSS and paroxysmal AF could be
suitable candidates for septal atrial lead pacing.
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Ventricular Pacing

Although theoretically very attractive, atrial pacing for the prevention of AF
has proved to be of quite modest benefit. A possible cause of this is the high
percentage of ventricular pacing achieved in all studies, with a detrimental
effect that could be reducing benefits from atrial pacing.

Four major clinical trials have been unable to demonstrate a clear benefit
of DDDR pacing over VVIR pacing for the clinical endpoints of total mortal-
ity, cardiovascular mortality, and stroke. The Danish Study [25] enrolled 225
patients with symptomatic bradycardia, randomised to undergo AAI pacing
or VVI pacing, with long-term follow-up. Significantly, overall survival was
higher in the AAI group, with fewer cardiovascular deaths, less AF, fewer
thromboembolic complications, and less heart failure than in the VVI group.
However, AAI stimulation cannot be suitable for all patients with SSS: it
requires stable long-term AV conduction and sinus rhythm, whereas SSS is a
spectrum of electrical disorders including AF and AV block. For these rea-
sons, other studies have considered the role of atrial pacing in DDD pace-
maker versus ventricular pacing. In the CTOPP study [26] more than 2500
patients with all-cause bradycardia were randomised to undergo ventricular-
based pacing or physiological pacing and followed for 3 years. The pacing
mode did not produce a significant difference in the primary endpoint of
stroke or cardiovascular death. Physiological pacing significantly reduced
the cumulative risk of any AF and of chronic AF. In this study DDD pace-
makers were not provided with algorithms to minimise ventricular pacing,
with consequently a high cumulative percentage of ventricular pacing that
could offset benefits from atrial pacing. Another large randomised study
(MOST) [27] investigated more than 2000 patients with SSS randomised to
receive DDDR or VVIR pacemakers, with as primary endpoint death from
any cause or non-fatal stroke. At a median follow-up of 33 months no differ-
ence in relation to total mortality or stroke was found; but dual-chamber
pacing reduce newly diagnosed and chronic AF and progression to heart
failure. A strong relation between the percentage of ventricular pacing (in
both the DDDR and the VVIR group) and the risk of progression to heart
failure was observed. Ventricular pacing in DDDR mode for more than 40%
of the time conferred a 2.6-fold increased risk of heart failure. Other inter-
esting suggestions come from the DAVID trial [28], which has enrolled 506
implantable cardioverter–defibrillator (ICD) patients with no indication for
antibradycardia pacing and left ventricular dysfunction (EF < 40%).
Patients were randomly assigned to receive an ICD with back-up VVI at 40
beats/min versus DDDR at 70 beats/min, with as primary endpoint a combi-
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nation of death and heart-failure-related hospitalisation. At 18 months VVI
40 was associated with a 16% rate of heart-failure hospitalisation or death,
versus 26.7% for DDDR 70 (P = 0.03).

In conclusion, in patients with SSS, ventricular pacing should be min-
imised in order to maintain benefit produced by atrial pacing. Different
strategies have been proposed to optimise right ventricular pacing: a novel
right ventricular pacing site, manipulation of DDDR timing cycles to min-
imise unnecessary right ventricular pacing, and the use of novel pacing algo-
rithms.

Alternative pacing sites, such as right ventricular outflow tract or ventric-
ular septum, are supposed to improve synchronous activation of the ventri-
cle and thus avoid impairment of ventricular function. New active fixation
leads guarantee feasibility, good thresholds, adequate sensing, and stability.
Initial experience with these new tools should be supported by large, long-
term, randomised studies in order to demonstrate an advantage on the right
ventricular apex.

A long AV delay did not succeed in reducing total ventricular pacing
time.

The current generation of devices have new features to minimise ventric-
ular pacing. The Search AV (SAV+, Medtronic EnPulse) offers the capability
to search out longer AV intervals, up to 320 ms, in patients with intact or
intermittent AV conduction. A prospective, multi-centre, non-randomised
trial evaluated the ability of SAV+ ON to preserve intrinsic ventricular acti-
vation in 194 patients with intact AV conduction. At 1-month follow-up
patients with SAV+ ON had 76.3% ventricular sensing vs 2.8% in those with
SAV+ OFF [29].

Another new algorithm is the minimal ventricular pacing mode (MVP,
Medtronic, Minneapolis) implemented in a dual-chamber ICD. This provides
AAI/R pacing with ventricular monitoring and back-up DDD/R pacing only
as needed during episodes of AV block. Single dropped ventricular beats are
permitted (Wenckebach behaviour), while higher-level AV conduction failure
causes mode switching to DDD/R to prevent asystole. Tests for a return to
normal AV conduction are made, and if AV conduction is detected, the ICD
returns to AAI/R mode. A randomised study with MVP was performed on 30
patients with DDD/R ICDs. Each patient spent a week in DDD/R mode and a
week in MVP. The cumulative percentage of ventricular pacing was signifi-
cantly lower during MVP than during DDD/R pacing (3.79% vs 80.6%,
P < 0.0001). Three patients (10%) presented transient AV block with switch
to DDD/R, confirming that a ventricular back-up could be opportune even in
patients without a history of AV block.
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Conclusions

Patients with SSS should be implanted with a dual-chamber pacemaker.
Alternative sites appear superior to the traditional right appendage site since
they improve atrial synchrony and may reduce AF recurrences. The hig per-
centage of ventricular pacing in DDD mode in all studies is a common pitfall
comparing physiological pacing and VVI mode is characteristic of a com-
mon pitfall: ventricular pacing has a deleterious effect on both atrial and
ventricular function that may mask the real beneficial entity of atrial pacing.
New pacing site in the right ventricle and use of algorithms to minimise ven-
tricular pacing is likely to lead to more consistent positive results. In conclu-
sion, data from the literature suggest that in patients with SSS atrial pacing
from an alternative site should be used, employing algorithms to attain the
highest possible percentage of atrial pacing and to reduce ventricular pacing
as much as possible.
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Role of His-Bundle Pacing: Reliability and Potential to Avoid
Ventricular Dyssynchrony

F. ZANON, E. BARACCA, S. AGGIO, G. BOARETTO, G. PASTORE, P. ZONZIN

Increasing clinical evidence shows that conventional right ventricular pacing
is detrimental to left ventricular function. Recent studies in canines [1]
showed that right ventricular apical (RVA) pacing causes abnormal contrac-
tion patterns due to abnormal activation of the left ventricle during RVA
pacing compared to normal sinus rhythm. Moreover, these studies gave evi-
dence that sustained RVA pacing is associated with histological and structur-
al changes that cause left ventricular function to deteriorate. In humans,
short- and long-term studies [2, 3] have confirmed the adverse effects of RVA
pacing.

A theoretical pacing system that could preserve the normal Purkinje acti-
vation should be considered the ideal pacing approach, because the ventricu-
lar dyssynchrony would be prevented and the normal activation pattern
maintained. However, the traditional pacing tools do not allow an easy
approach to the His bundle, and therefore few clinical reports of this pacing
mode exist in the literature.

Deshmukh et al. [4, 5] reported the results of direct His-bundle pacing
(DHBP) in patients with chronic heart failure and atrial fibrillation who
were candidates for ablate-and-pace strategy because of a rapid and pharma-
cologically uncontrolled ventricular rate. According to Deshmukh et al., the
criteria for verification of the DHBP were the following: (1) recording of His
bundle potential with the permanent pacing lead; (2) pace-ventricular inter-
val equal to His-ventricular interval ± 15 ms; (3) paced QRS morphology
and duration equal to the intrinsic QRS in all 12 ECG leads.

Twelve out of 18 patients in the first study and 39 out of 54 patients in the
second study were successfully paced. In a long-term follow-up (42 months) the
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mean NYHA class improved from 3.5 to 2.2 and the ejection fraction increased
from 0.23 ± 0.11 to 0.33 ± 0.15. In these studies by Deshmukh et al. the total
procedure time was 3.7 ± 1.6 h and a standard screw-in lead (helix 1.5 mm)
with modified J-shaped stylet was used to reach the His bundle.

Vázquez et al. [6] attempted DHBP in 12 patients without structural heart
disease selected for AV nodal ablation due to uncontrolled paroxysmal atrial
fibrillation or for pacemaker implantation because of supra-His conduction
disturbances with a normal conduction system. DHBP was successfully
achieved in 8 out of 12 patients. Acute and 3-month electrical performances
were acceptable and the authors reported a procedure time of 192 min using
an approach similar to that of Deshmukh et al.

DHBP is really difficult to achieve with a standard lead with a modified
stylet, extending implant time and causing recurrent acute dislodgements.
The tools for biventricular stimulation, designed to facilitate the insertion of
leads into the coronary sinus and from there to the lateral distal cardiac vein,
suggested the idea that new active-fixation leads guided by steerable
catheters could allow right ventricular selective sites to be reached.

The first dedicated tool is the Medtronic SelectSecure system, composed
by a steerable catheter (SelectSite – Model C304, Medtronic Inc.) and a 4.1-Fr
no stylet, active fixation, bipolar, steroid-eluting lead (Model 3830, Medtronic
Inc.). Recently, we started using this new pacing approach in our centre.
DHBP was attempted in 25 patients (17 male, mean age 77 ± 8 years) with
standard pacemaker indication and a narrow QRS. All patients underwent
implantation using the SelectSecure system. DHBP was achieved in 23
patients (92%); two patients were paced in the His area, but the QRS mor-
phology and duration under pacing were different from the native ones.

In DHBP pacing, the acute pacing threshold was 2.4 ± 1.2 V at a pulse
width of 0.5 ms, whereas sensed potentials were 3.0 ± 2.0 mV. No major
complications were observed.

In conclusion, our preliminary experience with this new tool shows that
DHBP is feasible. However, future studies will be necessary to confirm the
real benefits of this new pacing technique.
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Pacemaker for Vasovagal Syncope: Good for the Few

M. BRIGNOLE

The decision to implant a pacemaker needs to be kept in the clinical context
of a benign condition which frequently affects young patients. Thus, cardiac
pacing should be limited as the last-resort choice to a very selected small
proportion of patients affected by severe vasovagal syncope. How to select
these patients still remains partly uncertain.

Background

The term ‘vasovagal syncope’ refers to a reflex response that, when triggered,
gives rise to vasodilation and bradycardia, although the contribution of both
of these to systemic hypotension and cerebral hypoperfusion may differ con-
siderably. It is valuable to assess the relative contribution of cardioinhibition
and vasodepression before embarking on treatment as there are different
therapeutic strategies for the two entities. The triggering events may vary
considerably over time in any individual patient. ‘Classical’ vasovagal syn-
cope is mediated by emotional or orthostatic stress and can be diagnosed by
history taking. ‘Non-classical’ presentations are frequent, and these forms are
diagnosed by minor clinical criteria, exclusion of other causes of syncope
(absence of structural heart disease), and positive response to tilt testing or
carotid sinus massage. Examples of non-classical vasovagal syncope include
episodes without clear triggering events or premonitory signs.

Criteria for Selection of Patients

In general, initial ‘treatment’ of all forms of neurally-mediated reflex syn-
cope consists of reassurance as to the benign nature of the syndrome, educa-
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tion regarding avoidance of triggering events and predisposing factors,
recognition of premonitory symptoms and manoeuvres to abort the episode,
and avoidance of volume depletion and prolonged upright posture. The
above measures are sufficient for the vast majority of patients affected by
vasovagal syncope. Additional treatment may be necessary in the high risk
or high frequency settings defined by the ESC Task Force on Syncope [1]
when syncope:
- is very frequent, e.g. alters the quality of life
- is recurrent and unpredictable (absence of premonitory symptoms) and

exposes patients to ‘high risk’ of trauma
- occurs during participation in a ‘high risk’ activity (e.g. driving, machine

operator, flying, competitive athletics, etc.).
Among these settings, cardiac pacing may be reserved for those patients

with cardioinhibitory vasovagal syncope with a frequency of more than five
attacks per year or severe physical injury or accident and age above 40 years
[1]. In order to limit the vasodepressor component of the vasovagal reflex,
dual-chamber pacemakers with rate hysteresis features are usually preferred,
although formal comparison studies among modes of pacing have not yet
been performed.

Results from Randomised Controlled Trials

Pacing for vasovagal syncope has been the subject of five major multicentre
randomised controlled trials [2–6], of which three gave positive and two gave
negative results. Putting together the results of the five trials, 318 patients
were evaluated; syncope recurred in 21% (33/156) of the paced patients and
in 44% (72/162) of non-paced patients (P < 0.000). However, all the studies
have weaknesses, and further follow-up studies addressing many of these
limitations (particularly the pre-implant selection criteria for patients who
might benefit from pacemaker therapy) need to be completed before pacing
can be considered an established therapy.

Future Perspectives

It seems that pacing therapy might be effective in some but not in all
patients. This is not surprising if we consider that pacing is probably effica-
cious for asystolic reflex but has no role in combating hypotension, which is
frequently the dominant reflex in vasovagal syncope. How to stratify the
patients is still uncertain. A recent study using the implantable loop recorder
as reference standard [7] showed that only about half of the patients had an
asystolic pause recorded at the time of spontaneous syncope which might
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eventually benefit from a pacemaker. In the other patients a pacemaker is
unlikely to be effective. The role of the implantable loop recorder for select-
ing patients who may benefit from cardiac pacing is actually under evalua-
tion.

A widely used method for selecting patients suitable for cardiac pacing is
the finding of a cardioinhibitory form of syncope during tilt testing.
However, recent data showed that the mechanism of tilt-induced syncope
was frequently different from that of the spontaneous syncope recorded with
the Implantable Loop Recorder [7]. These data show that the use of tilt test-
ing for assessing the effectiveness of different treatments has important limi-
tations and its use is now disregarded in the ESC Guidelines [1].
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Quality of Life of Patients with an Atrial Defibrillator: Does
Optimal Programming Achieve the Goal of Maintaining Sinus
Rhythm as Well as Improve Quality of Life?

A. QUESADA, V. PALANCA, J. JIMÉNEZ, O. VILLALBA, R. PAYÁ, J.R. BALAGUER,
S. VILLALBA, J. RODA

Introduction

The quality of life (QoL) of patients with atrial fibrillation (AF) has been
demonstrated to be worse than that of age-matched healthy subjects; either
worse than or as impaired as that of patients either with a recent prior
myocardial infarction or who have recently undergone coronary angioplasty;
and the same as that of patients with heart failure [1, 2]. Limitations of cur-
rent drug-based strategies for AF are leading to increasing use of non-phar-
macological therapies. Although atrial defibrillators (stand-alone and dual
chamber defibrillators with both atrial antibradycardia and antitachycardia
pacing) have shown both safety and high efficacy in suppressing AF and
other regular atrial tachycardias (AT), several concerns remain regarding
shock tolerance and real improvement of QoL. Thus, the impact of this type
of non-pharmacological therapy on QoL is far from well-established, espe-
cially when the long term is considered [3]. In this chapter we review the
benefits and risks imposed to QoL both by the device and by AF itself, and
how some programming strategies and psychological interventions can help
us in the difficult management of patients with drug-refractory AF.

Quality of Life and Psychosocial Disturbances in AF-ICD Patients

Two fundamental premises should be emphasised. First of all, patients with
AF, whether symptomatic or not, have impaired QoL. Secondly, QoL
improves with treatment of AF, and at least some of these improvements are
related to the restoration and maintenance of sinus rhythm [1–3]. Thus,
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when one looks for QoL changes in these patients, it is mandatory to distin-
guish between those due to the arrhythmia itself and those secondary to the
presence of an implanted device, and even those following discontinuation of
drug therapies.

Several studies have reported QoL modifications in patients with atrial
defibrillators [3, 4]. Focusing on the dual devices (with atrial and ventricular
capabilities), in the AF-only study two QoL instruments were used to assess
the impact of implantation of the dual implantable cardioverter–defibrillator
(ICD) on patients’ QoL: the Medical Outcomes Study Short Form (SF-36), a
standardised health survey instrument that has eight scales, and the
Symptom Checklist, a disease-specific instrument. In the SF-36 there was a
statistically significant improvement in Physical Function, Physical Role,
Vitality, and Social Function scales from baseline to 3 months, which was
sustained at 6 months’ follow-up [4]. The Symptom Checklist measures
patients’ perceptions of the frequency and severity of 16 AF arrhythmia-
related symptoms. A change in symptoms over time was discerned in 73
patients, and again they showed a significant decrease (improvement) from
baseline to 3 months and from baseline to 6 months’ follow-up.

Programming of atrial shocks remained constant during the follow-up,
and programming of patient-initiated shocks, either alone or along with
timed shocks, increased from 54% of patients at baseline to 72% at last con-
tact. Sixty-seven patients (67/144, 47%) used the patient assistant to deliver
patient-initiated shocks.

Using the Symptom Checklist/Frequency and Severity Scale for all items
and the SF-36 questionnaire, we have reported the changes after dual ICD
implantation in 40 patients with refractory AF [5]. Both instruments showed
significant improvements in physical activities because of health problems,
in limitations in usual role activities because of physical health problems
and in perceived bodily pain. The patients assigned to early delivery of atrial
shock after AF onset, compared with the patients who did not receive atrial
shock, showed a significant reduction of AF burden, a greater reduction in
number of hospitalisations, and greater improvement of QoL.

Thus, the defibrillator effectively counteracted the reduction of QoL
imposed by the arrhythmia. Possible explanations for this could be the
symptomatic characteristics of the population selected, the baseline high
effectiveness of the shocks (the mean number of shocks per episode was 1.2
and more than 86% of episodes required only 1 shock), and the limited num-
bers of shocks during the follow-up.

The PASSAT study evaluated in 96 patients enrolled in the AF-Only Study,
QoL, psychosocial distress, and acceptance of ICD therapy for atrial tach-
yarrhythmias (ICD-AT) over a mean follow-up period of 19 months, [6].
From implantation to survey, a significant change in AF symptoms and
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severity scores and QoL (SF-36) scores was registered. ICD-AT therapy
acceptance was high, with 71.3% of patients scoring in the 75th percentile on
the Florida Patient Acceptance Survey. ICD-AT acceptance was correlated
with the Physical Component Scale and Mental Health Component Scale
scores of the SF-36. ICD-AT acceptance correlated negatively with depressive
symptomatology, trait anxiety, illness intrusiveness, and AF symptom and
severity scores. ICD-AT acceptance did not correlate with preimplantation
cardioversions, number of atrial shocks, AF episodes detected by the device,
or device implant duration.

However, although QoL increases in many patients, in some patients psy-
chological disturbances could result in reduced acceptance of atrial shocks.
Several risk factors have been identified to predict poor toleration of living
with an ICD. These include young patient age, multiple ICD discharges, low
social support, female gender, premorbid psychological difficulties, poor
understanding of the device and the disease, and more severe medical condi-
tions. Although the number of shocks is very important (both the individual
and the cumulative effects of each shock), as is the experience of suffering an
ICD storm, the crucial role of psychological well-being and improved per-
ceived AF symptom burden for the long-term acceptance of ICD-AT therapy
has been stressed [6].

The shocks will affect both the patient and his/her relatives. In the
patient, the pain from the electrical discharges can generate catastrophic
thinking, leading to fear and anxiety. In the relatives, shocks generate avoid-
ance behaviour that increases the catastrophic thinking. In our experience,
symptoms of depression and anxiety are common following the implanta-
tion, arising from concerns about both the device and the disease itself. The
clinical outcome and the confrontation strategies that the patients adopt will
determine the psychological outcome and the acceptance of the therapy.
Adaptive, positive strategies lead to good patient–ICD coexistence, the most
frequently used being spiritual or social-type strategies based on religious
belief or on the confidence and support of the family or physician. Non-
adaptive, negative strategies, especially avoidance and non-acceptance of the
disease and device, will originate eventually lead to rejection of the treat-
ment, with the catastrophic thinking dominated by irrational belief.
Psychologically, these irrational beliefs can be treated with cognitive therapy,
such as cognitive restructuring.

Dual ICD ‘Optimal’ Programming for AF Patients

The optimisation of several programming parameters can increase the effi-
cacy of the device, especially those aimed at both reducing the number of
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shocks and improving their efficacy, achieving higher therapy/device accep-
tance.
1. Apical ventricular pacing may be avoided. Apical right ventricular pacing

alters the normal cardiac activation sequence, and there is cumulative
evidence that it may induce a depression of left ventricular function. The
results of several trials suggest strongly that loss of ventricular synchrony
may result in increasing incidence of AF, heart failure, and death. In the
MOST sub-study [7], ventricular pacing was associated with an increased
risk of AF, and the risk of AF increased linearly with the cumulative per-
centage of ventricular pacing (approximately 1% for each 1% increase in
the latter).
Although intrinsic ventricular activation was preserved with AAI pacing,
low-rate VVI pacing, fixed long AV intervals, and DDI pacing, each of
these approaches has disadvantages or modest effectiveness. Recently,
new atrioventricular (AV) algorithms have been developed to achieve
minimal ventricular pacing. A randomised pilot study with 30 patients
using one of these (MVP, Medtronic) showed an impressive reduction in
cumulative percentage of ventricular pacing (3.8% vs 80.6%), maintain-
ing AV synchrony [8]. More studies are required to demonstrate whether
this reduction in ventricular pacing can reduce the incidence of AF.

2. Preventive and antitachycardia pacing. Some preventive algorithms are
available in dual ICD defibrillators, such as atrial pacing preference and
atrial rate stabilisation (provides pacing to eliminate long pauses follow-
ing atrial premature beats). In the AF-only study, no effect on burden or
number of episodes was observed [9], whereas in the ADOPT study [10],
with a similar algorithm for atrial overdrive pacing but in a pacemaker
population with associated bradycardia, a significant reduction in burden
was encountered. Interestingly, it has been communicated [11] that a high
percentage of ventricular pacing can counterbalance the benefits of the
algorithm.
Atrial pacing therapies (ATP) have a high efficacy in suppressing many of
the atrial tachycardia (AT) episodes (the most prevalent arrhythmia in
this type of patients) [12–14] and might be delivered early, within or
immediately after the first minute, and programmed in AT and AF zones.
Although many episodes of AF/AT last less than 1 min, the probability of
inducing sustained AF with ATP is low when it is delivered in stable
rhythms. In addition to ramp and burst ATP, we usually activate atrial 50-
Hz burst pacing because it has a low but additive efficacy (over 5–10%
episodes in total, after the conventional ATP has been delivered).

3. Shocks, pathway, and programming. Three possible cardioversion strate-
gies are available in the atrial ICD: patient self-activated, automatic, and
in-hospital manually administered shocks [13, 15]. Whatever method is
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used, it is mandatory to limit the number of shocks per episode and day
(only one is advisable) and to try to increase their success rate. We
reported a greater reduction of burden with automatic versus in-hospital
manually delivered shocks, suggesting that early delivery of atrial shock
after AF onset may be the best strategy [5]. Early restoration of sinus
rhythm could reduce the electrophysiological remodelling process,
increasing the periods of sinus rhythm and decreasing the AF burden in
the long-term follow-up. Similar reductions have been observed with
patient-activated shocks. However, to avoid treating self-limited episodes,
a certain duration of the arrhythmia is required; the investigators of the
Jewel AF, AF-only study reported a longer duration of AF prior to shock
> 3 h as one of the determinants of first-shock success [16]. Usually 6 h
of sustained atrial tachyarrhythmia are programmed before shock deliv-
ery.
The right-atrium-to-coronary-sinus electrode configuration significantly
reduces the atrial defibrillation threshold [17]. This was also observed in
the Jewel AF, AF-only study, in which the use of a coronary sinus elec-
trode was accompanied by a higher success rate of shock [16]. Thus, a
coronary sinus electrode should be considered in all patients undergoing
evaluation for insertion of an atrial defibrillator.

4. Close monitoring after implantation and use of adjuvant treatments.
Treatment of AT/AF episodes should be aggressive shortly after implanta-
tion (AF-only study, unpublished data); it results in a significant decrease
in AT/AF burden, and this is accompanied by a decrease in the frequency
of atrial cardioversion shocks. However, the risk of multiple shocks (even
only one or two) does exist, leading to a psychological deterioration cas-
cade and catastrophic and irrational thinking. Early comprehensive man-
agement of the patient, including not only medical support but also psy-
chological, familial ,and social monitoring and assistance, can overcome
the danger of therapy rejection.
Sedation with midazolam (15 mg, elixir) significantly increases the
acceptability of atrial shock regardless of the cardioversion method.
Shocks without sedation are significantly less acceptable in this type of
patient [18]; if sedation is not used, automatic night cardioversion results
in sleep disturbances as well as concerns about future pain or discomfort.
It is advisable not to decrease (even to increase) anti-arrhythmics drug
use, together with intensive treatment of heart failure (and left ventricu-
lar dysfunction). The synergistic effect of cardiac resynchronisation ther-
apy is currently under investigation (RENEWAL 4 AVT study).
Thus, most drug-refractory AF-ICD patients (a heterogeneous popula-
tion) accept the device and the shocks with improvement in their QoL.
Optimisation of programming can help to achieve this goal. However, the
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presence of psychological disturbances in a subset of these patients make
it necessary to view the hybrid therapy as a multidisciplinary task that
may include not just pacing and shock therapies, drugs, and ablation
techniques, but also early and intensive psychosocial monitoring and
intervention.
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Haemodynamic Assessment by Transvalvular Impedance
Recording

M.G. BONGIORNI1, E. SOLDATI1, G. ARENA1, G. GIANNOLA1, C. BARTOLI1, A. BARBETTA2,
F. DI GREGORIO2

Full autoregulation of a pacing device is an important prospect in the
advancement of cardiac stimulation, which is expected to integrate in a glob-
al controlling system several automatic functions such as mode switching,
rate-responsive pacing, adaptation of sensitivity and pulse energy, AV delay
tuning, and more. Since the final aim of cardiac pacing is ensuring a blood
supply that properly matches the patient’s functional conditions, haemody-
namic sensors could be proposed as the best candidates for supervision of
an implantable pacemaker. However, currently available haemodynamic sen-
sors, such as peak endocardial acceleration (PEA) or unipolar ventricular
impedance, have been designed to monitor processes and parameters corre-
lated with the ventricular contraction strength [1–4], whereas adequate
haemodynamic control of cardiac function would better be achieved
through assessment of the ejected blood volume [5, 6].

Volume Information from Impedance Data

So far, no one has attempted to include a flowmeter in the design of a perma-
nent stimulator, since such a sensor would be too complex and unreliable in
the long run. On the other hand, suitable information on the stroke volume
(SV) trend can be derived by measuring the electric impedance of the ventri-
cle, which is proportional to the distance between the sampling points and
inversely related to the cross-sectional area of the conducting medium [7].
Any change in ventricular blood volume should entail a corresponding
change in intraventricular impedance. The ideal tool to correlate impedance
and volume changes is a multipolar catheter, as currently used in acute
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haemodynamic studies [8, 9]. However, impedance fluctuations induced by
ventricular mechanical activity can be detected even with conventional pac-
ing leads, in either unipolar or bipolar modality. Unipolar impedance, mea-
sured between the tip ventricular electrode and the pacemaker case, is
thought to be modulated by structural modifications in the electrode’s
microenvironment. The main information extracted from the unipolar
impedance signal is a score of the fluctuation steepness, which can be affect-
ed by the contraction strength [3, 10]. Bipolar intraventricular impedance,
recorded between the tip and the ring ventricular electrode, has been sug-
gested to be mainly dependent on the ventricular volume. In this case as
well, the system should be sensitive just to local events in the ventricular
apex, which is taken as a representative sample of the whole ventricle. The
absolute values of minimum and maximum bipolar impedance in a cardiac
cycle are sensitive to preload and contractility modifications, and the report-
ed changes are consistent with the hypothesis of an inverse relationship
between ventricular impedance and volume [5, 6, 11].

Indeed, impedance measurements are known to be affected by additional
factors, including electrode position and movement. Special care in data
management has been suggested to remove non-specific effects and max-
imise the impedance sensitivity to volume changes [6]. In addition, further
advantages were produced by the development of an alternative method for
cardiac impedance recording, i.e. the assessment of transvalvular impedance
(TVI). TVI is measured between an atrial and a ventricular electrode, thus
increasing the dipole length with respect to the intraventricular impedance
while keeping both the poles inside the heart [12–14]. This virtually avoids
the artefacts produced by thorax movement, which affect the unipolar ven-
tricular impedance, allowing impedance recording without high-pass filter-
ing. In the presence of a bipolar ventricular lead, TVI can be measured with
either the tip or the ring ventricular electrode [15]. In the latter case, there is
no close contact with the ventricular wall, and therefore cyclic impedance
changes should better reflect pure volume modifications associated with the
pump function.

Transvalvular Impedance as a Haemodynamic Indicator

The TVI waveform generally features high stability and signal-to-noise ratio,
even with DC coupling. The absolute minimum and maximum TVI are
recorded, respectively, in telediastole and telesystole, and are assumed to be
inversely related to the maximum and minimum ventricular volume. Studies
conducted with external devices connected to the pacing leads during pace-
maker implantation or replacement procedures confirmed that end-diastolic
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TVI (edTVI) depends on the preload, while end-systolic TVI (esTVI) is sen-
sitive to cardiac contractility. In these experiments, preload modifications
were produced by cardiac rate changes, while positive inotropic and
chronotropic effects were induced by the administration of a beta-adrener-
gic drug. All the patients were lying supine and could not move during the
test [15–17].

To overcome these limitations, we recorded TVI in patients undergoing
the extraction of infected pacing leads. In such cases, it is normal practice to
expose the lead connectors before the extraction procedure for pocket drain-
ing. This made possible connecting an external device with chronically
implanted leads in patients free to move, in order to study the TVI response
to postural changes and physiological autonomic stimulation during an
ergometric stress test.

The transition from lying supine to standing upright is known to entail a
reduction in ventricular filling due to the opposing action of gravity, with
consequent blood accumulation in the leg veins and corresponding SV
decrease imposed by the intrinsic regulation of the heart. This effect is phys-
iologically counteracted by a positive chronotropic reaction, aimed at main-
taining an adequate cardiac output. In these circumstances, we observed a
reversible reduction in the peak-to-peak excursion of the TVI signal, result-
ing from an increase in edTVI (Fig. 1). Data were processed considering the
peak-to-peak TVI amplitude as a SV indicator [5, 11]. The relationship
between the two parameters was assumed to be approximately linear in the
physiological range. Any change in edTVI or esTVI with respect to their
baseline values was expressed as a percentage of the peak-to-peak TVI
amplitude at rest and represented an equal and opposite volume change,
expressed as a percentage of the baseline SV. According to this model, the
TVI modifications induced by standing up indicated a 20% decrease in SV
with respect to the supine position, ascribed entirely to a preload reduction
(Fig. 2).

A physical stress test was performed on the ergometric bicycle, increasing
the power by 20 W every 3 min. At the start of exercise, TVI measurements
indicated an increase in SV, resulting from both an increase in end-diastolic
volume (EDV) and a decrease in end-systolic volume (ESV). With increasing
workload EDV was constant, whereas ESV kept on slowly decreasing. When
the exercise was stopped, EDV and SV dropped quickly, whereas ESV
remained reduced in the early recovery stage (Fig. 3). The results suggest
that SV adaptation was achieved by the contribution of both intrinsic and
extrinsic cardiac regulation. Skeletal muscle activity readily increased the
venous return and the preload, which rapidly dropped at the end of exercise.
On the other hand, the autonomic nervous system induced a progressive
increase in both sinus rate and myocardial contractility. The enhanced con-
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Fig. 2. Modifications in ventricular end-diastolic volume (EDV), end-systolic volume
(ESV), and stroke volume (SV) induced by the transition from supine to upright stand-
ing, as inferred from TVI data. The asterisks indicate statistically significant variations.
Volume changes are scaled in arbitrary units, corresponding to 1/100 of the reference
SV, and are derived by expressing the changes in edTVI, esTVI, and peak-to-peak TVI
as a percentage of the peak-to-peak TVI excursion recorded in the supine position. The
variations in EDV and ESV are equal and opposite to the corresponding normalised
TVI changes: an impedance increase represents an equivalent volume decrease, while an
impedance decrease represents a volume increase

Fig. 1a, b. From top to
bottom: transvalvular
impedance (TVI),
ventricular and atrial
electrograms, surface
ECG. An external
recorder was connect-
ed with exposed
chronic pacing leads,
prior to lead extrac-
tion, while VDD pac-
ing was performed by
a new contralateral
implant. This explains
the double signal

shown in the ventricular electrogram: the first deflection is the artefact produced by the
spike delivered by the contralateral lead; the second is the R wave detected after a conduction
delay. a Supine position. The sinus rate was 90 ± 4 bpm. End-diastolic TVI (edTVI),
end-systolic (esTVI) and peak-to-peak TVI excursion averaged, respectively, 420 ± 3,
483 ± 1, and 63 ± 3 Ω. b Standing upright. The sinus rate increased to 116 ± 3 bpm. EdTVI,
esTVI and peak-peak TVI were 432 ± 4, 483 ± 2, and 51 ± 5 Ω, respectively. The changes
in edTVI and peak-to-peak TVI were highly significant (P < 10–6, Student’s t-test)

a b



tractility entailed a reduction in the residual ESV, which lasted longer than
sinus tachycardia when the exercise was stopped. This could be due to the
different physiological regulation of ventricular myocytes and sinus node
fibres, since the former are mainly sensitive to the sympathetic influence,
while the latter are markedly dependent on both sympathetic and parasym-
pathetic control.

In the case of either preload or contractility changes, the information
derived from TVI was in agreement with the physiological expectation, sug-
gesting the general reliability of the proposed haemodynamic model and
supporting the hypothesised correspondence between TVI and ventricular
volume. The TVI sensor can provide indications as to the inotropic state of
the heart, which can be useful in patient follow-up and in the regulation of
rate-responsive pacing. Indeed, the TVI-indicated rate closely reproduced
the sinus rate trend during adrenergic challenge in patients with good
chronotropic competence [17].
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Fig. 3a, b. Stress test on the
ergometric bicycle; the
arrows indicate the end of
the exercise. Changes in
SV, EDV and ESV are
derived from TVI data. a
Relative variation in sinus
rate and SV. b Relative
changes in EDV and ESV.
The modifications in min-
imum and maximum TVI
values in each cardiac
cycle were converted into
corresponding volume
changes, as described for
Fig. 2

a

b



Haemodynamic Surveillance of Pacing and Sensing

An essential piece of information to be expected from a haemodynamic sen-
sor concerns the occurrence of systolic ejection, whatever the SV or the
myocardial contractility. Thanks to the excellent signal-to-noise discrimina-
tion, TVI proved reliable in the check for correct association of electrical
and mechanical events at every heartbeat, in the case of either evoked or
intrinsic activity. After ventricular pacing, a significant TVI increase detect-
ed in the systolic window allows confirmation of capture [12, 13, 18]. After
ventricular sensing, a TVI response is expected as well: if it does not occur,
the reality of the recorded electric event should be questioned. The applica-
tion of the TVI sensor in ventricular pacing and sensing validation has been
successfully tested with an external pacemaker, which reacted to capture loss
by increasing the pulse energy and to TVI-indicated electric interference
with the sensing function by switching over to a ventricular-triggered pacing
mode [18]. The system proved equally sensitive to evoked or intrinsic ven-
tricular activation, thus ensuring the prompt detection of possible fusion
beats (Fig. 4).
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Fig. 4. Surface ECG (upper tracing)
and corresponding TVI waveform
(middle) and event markers (low-
er tracing), recorded by an exter-
nal pacemaker.Threshold analysis
in VVI pacing (downward mark-
ers). Ventricular capture entails
clear-cut TVI responses, until an
ineffective spike is delivered. In
this case, the TVI signal remains at
the baseline, allowing capture loss
recognition (upward alarm mark-
er) and automatic pulse energy in-
crease. The following event is a fu-
sion beat, producing a TVI fluctu-
ation promptly detected by the
pacemaker (no further alarm
markers are released). Thereafter,
effective overdrive pacing is re-
gained. Note the different mor-
phology of the TVI signal in case
of VVI pacing (positive deflection)

or intrinsic conduction (biphasic waveform, starting with a smaller negative deflection as-
sociated with the P wave on the surface ECG and indicating active ventricular filling). In
this test, several episodes of capture loss were induced. After ineffective stimulation, the
TVI noise never exceeded 20% of the reference signal. As a result, the capture validation
algorithm based upon the TVI sensor showed 100% sensitivity and specificity



Conclusions

Effective haemodynamic sensing would open the way to the autoregulation
of a number of pacemaker functions, which could thus be integrated into a
single control system. The TVI sensor can be proposed to play this crucial
role, allowing the assessment of systolic and diastolic modifications in ven-
tricular volume by means of conventional pacing leads.
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Rate-Responsive Pacing Controlled by Transvalvular
Impedance: Preliminary Clinical Experience

E. OCCHETTA1, G. GASPARINI2, A. CURNIS3, M. GULIZIA4, M. BORTNIK1, A. MAGNANI1,
A. CORRADO2, L. BONTEMPI3, G. MASCIOLI3, G.M. FRANCESE4, F. DI GREGORIO5,
A. BARBETTA5, A. RAVIELE2

Introduction

All the different sensors used to assess the patient’s metabolic demand in
rate-responsive pacing feature well-known advantages and disadvantages.
Activity sensors are usually quick and highly sensitive, but lack specificity
since they can be activated by either active or passive motion. Physiological
sensors are more specific, but can be slow and only sensitive to intensive
exercise conditions [1]. Haemodynamic sensors, aimed at regulating the pac-
ing rate according to the inotropic tone [2–8], can be affected by preload
modifications independently of the influence exerted by the autonomic ner-
vous system on the cardiac function [9–12]. Preload monitoring is thus
advisable to take into account the contribution of the intrinsic heart regula-
tion to the actual haemodynamic performance.

A new haemodynamic sensor based on transvalvular impedance (TVI)
has been proposed to assess relative preload and stroke volume (SV) changes
at the same time, by using standard pacing leads [13–15]. TVI is recorded
without high-pass filtering and impedance data are processed on the
assumption of an inverse relationship with right-ventricular volume: an
increase in the absolute TVI value in telediastole (edTVI) represents a
decrease in diastolic ventricular volume (EDV), while a decrease in edTVI
indicates an increase in EDV. Peak-to-peak TVI excursion from diastole to
end-systole is proportional to SV, which is a function of EDV, according to
Starling’s law. The relationship between TVI-derived SV and EDV at any time
defines the current inotropic index, which can be applied to drive a rate-
responsive system following the modifications in ventricular contractility
induced by the autonomic nervous system [9, 10, 16, 17].

1Division of Cardiology, School of Medicine, Università degli Studi del Piemonte
Orientale, Novara; 2Cardiology O.U., Ospedale Umberto I, Mestre (Venice); 3Cardiology
O.U. Spedali Civili, Brescia, Italy; 4Cardiology O.U, Ospedale S. Luigi - S. Currò, Catania;
5Medico Clinical Research, Rubano (Padua), Italy



The TVI sensor has been implemented in an external cardiac pacemaker,
which automatically adapts the pacing rate according to the inotropic index.
The aim of the present study was to check and evaluate the rate-responsive
function of this device under pharmacological adrenergic stimulation.

Materials and Methods

Tests were performed in 30 patients, during the implantation of bipolar dual-
chamber pacing systems for conventional indications. Permanent pacing
leads from any manufacturer were temporarily connected with an external
DDD-R pacemaker (Ext Sophòs, Medico, Padua, Italy), equipped for TVI
recording. The TVI signal was sampled at 64 Hz with DC coupling, in order
to work out the minimum diastolic and maximum systolic impedance in
each cycle (edTVI and esTVI, respectively). Diastolic and systolic intervals
were rate-adaptive time windows, triggered by each pacing or sensing ven-
tricular event. EdTVI and esTVI were filtered for possible outliers, averaged
over a programmable number of cycles, and converted into the correspond-
ing inotropic index, which specified the TVI-indicated pacing rate (TVI rate)
according to the relation:

TVI rate = basic rate + resting rate x inotropic index x rate gain,

where the rate gain is a programmable factor used for individual tuning
of the rate-responsive system. The actual pacing rate applied by the stimula-
tor corresponded to the current TVI rate after a smoothing process. The
trends of cardiac rate (either intrinsic or paced) and TVI rate, as well as the
TVI waveform and the associated event markers, were stored in the stimula-
tor memory and optionally transmitted to a PC through an optically isolated
serial cable, for real-time display.

The TVI recording configuration was chosen between two possible alter-
natives, i.e. using the ring atrial electrode and either the tip or the ring ven-
tricular electrode. The ring-tip configuration usually provided higher sig-
nals, which could be sensitive, however, to possible artefacts generated by
cardiac contraction at the electrode–myocardium interface. The ring–ring
configuration provided smaller signals with the advantage of lower noise,
since both the electrodes were directly in contact with the blood conducting
volume. In both configurations, TVI was derived from the voltage generated
by the application of subthreshold current pulses with amplitude program-
mable from 15 to 45 µA. The same electrodes were used for both current
injection and voltage sampling.

After TVI signal acquisition in resting conditions, β-adrenergic stimula-
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tion was induced by intravenous administration of 2 µg/min isoproterenol
(IPN), which was continued until the cardiac rate exceeded 90 bpm.
Whenever possible, the stimulator basic rate and the rate gain were pro-
grammed so as to keep the TVI rate below the sinus rate, in order to avoid
overdrive pacing and allow the comparison of TVI rate and sinus rate trends.
The relationship between TVI inotropic index and sinus rate changes with
respect to the resting rate in each patient was evaluated by linear regression
analysis and expressed by the squared Pearson correlation coefficient.

Results

At the time of testing, stable intrinsic atrial activity was present in 28 cases at
rest, while 2 patients received atrial pacing throughout the procedure.
Sequential ventricular pacing was performed in 57% of the patients, while
the remaining exhibited intrinsic AV conduction. The ring–ring and ring–tip
TVI configurations were chosen, respectively in 67% and 33% of the cases. A
representative example of the recorded TVI signal is shown in Fig. 1. The
minimum impedance was recorded within 200 ms following the electrical
ventricular activation, which was indicated by either R wave detection or
pacing spike emission. Thereafter the impedance increased, reaching the
maximum value at a time compatible with the end of the systole.
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Fig. 1. Upper trace: transvalvular impedance (TVI) recorded by the Ext Sophòs stimulator
in a patient at rest. Ring–tip TVI configuration; end-diastolic TVI = 482 ± 5 Ω, end-sys-
tolic TVI = 577 ± 3 Ω. Lower trace: pacemaker event markers, demonstrating intrinsic atri-
al (upward spike) and ventricular activity (downward spike).The sinus rate was 66 ± 1 bpm



All patients provided with intrinsic atrial activity showed positive
chronotropic response to IPN. In addition, β-adrenergic stimulation
enhanced myocardial contractility, as suggested by the trend of TVI-derived
inotropic index, which increased from about 0 in resting conditions up to
maximum values ranging from 0.4 to 3.4 in the patient group (mean ± SD
= 1.2 ± 1.0). In 27 out of 28 patients, the time course of the inotropic index
reflected the sinus rate trend, so that a linear correlation between the two
parameters was demonstrated. The squared Pearson correlation coefficient
averaged 0.81 ± 0.12, being higher than 0.7 in 93% of the cases. The recipro-
cal of the individual regression slope corresponded to the optimal rate gain
to be applied in each patient, which ranged from 0.1 to 2 with a mean of 0.8
± 0.6. The product of current inotropic index times the individual rate gain
proved a good approximation of relative sinus rate changes observed during
IPN-induced stimulation (Fig. 2). As a consequence, the TVI rate closely
reproduced the sinus rate trend, as well as the maximum extent of the intrin-
sic chronotropic response. The highest sinus rate value reached in each
patient is compared with the TVI rate derived at the same time in Fig. 3. Very
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Fig. 2. Fractional change in sinus rate (defined as: (current rate – resting rate)/resting
rate; heavy line) and product TVI inotropic index x rate gain (light line), during intra-
venous administration of 2 µg/ml isoproterenol. The rate gain was equal to the slope of
the individual linear regression of fractional sinus rate on inotropic index. Positive
chronotropic and inotropic effects started simultaneously and showed similar time
courses, until the sinus rhythm was temporarily suppressed by overdrive pacing.
Consequently, the TVI-indicated rate (given by: basic rate + resting rate x inotropic
index x rate gain) paralleled the sinus rate trend

x



good correspondence was demonstrated by a regression line featuring slope
and squared correlation coefficient both close to 1.

The relationship between inotropic index and sinus response could not
be assessed in the patients undergoing atrial pacing throughout the test.
Nevertheless, in these cases as well IPN administration entailed a substantial
increase in the inotropic index and a corresponding acceleration in the pac-
ing rate.

Conclusions

The present study demonstrates that TVI data processing based on the inverse
relationship with right ventricular volume provides an index of cardiac con-
tractility that correlates closely with the simultaneous sinus rate modifications
induced by adrenergic challenge. Similar progressive changes in the inotropic
index are noticed even when the chronotropic adaptation is prevented. In con-
trast, a rate increase produced by overdrive pacing in the absence of contrac-
tility modifications does not affect the inotropic index [18].

TVI is sensitive to myocardial properties controlled by the sympathetic
nervous system, is capable of discriminating the haemodynamic effects of
intrinsic and extrinsic heart regulation, and is totally free of positive feed-
backs from the cardiac rate. Therefore, this new sensor can be proposed as
an advanced tool in the physiological regulation of rate-responsive pacing.
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Fig. 3. Relationship between
the maximum increase in
sinus rate induced by 
β-adrenergic stimulation in
each patient and the corre-
sponding rate increase in-
dicated by TVI at the same
time. The regression line is
described by the equation:
y = 0.96x – 0.56, with
r2 = 0.94
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Initial Experience of Implanted Pacemakers with Intracardiac
Haemodynamic Sensor: Evaluation of Sensor Safety

N. GALIZIO1, J. GONZALEZ1, R. CHIRIFE2, H. FRAGUAS1, J. BARRA1, S. GRAF1,
E. DE FORTEZA1, F. DI GREGORIO3

Introduction

The autonomic nervous system stimulation of the heart affects, simultane-
ously, chronotropism, dromotropism, and inotropism. Intracardiac haemo-
dynamic sensors detect changes in the performance of the heart, which
depends on the inotropic regulation of myocardial fibres. Intracardiac
haemodynamic sensors include:
- Intraventricular pressure
- Peak endocardial acceleration
- Ventricular impedance
- Transvalvular impedance

Transvalvular impedance (TVI) is a measure of blood impedance derived
between the right atrium and ventricle. With conventional electrodes, the
low-amplitude, constant-current is driven from the source to the atrial ring
and ventricular ring or tip. This configuration has the least wall motion arte-
fact and the best correlation with intracardiac volumes (Fig. 1). Combining
more than two poles offers better rendering of volume changes and gives a
better signal-to-noise ratio than intraventricular impedance [1].

Figure 2 shows TVI and volume waveforms, ECG, and atrial electrograms.
TVI increases during ventricular systole and throughout the QT period, and
decreases during passive and active ventricular filling.

TVI is the opposite of volume waveform: atrial contraction produces an
increase in volume (atrial kick) followed by a rapid volume decrease (ven-
tricular ejection). After ejection, the rapid-filling (RFW) and slow-filling
waves (SFW) are seen. The minimum TVI is sensitive to all conditions
known to modify the preload. The maximum TVI corresponds to end-sys-

1Electrophysiology Division, Institute of Cardiology and Cardiovascular Surgery,
Favaloro Foundation and Rene G. Favaloro University, Buenos Aires; 2J. A. Fernandez
Hospital, Buenos Aires Argentina; 3Medico Clinical Research, Rubano (Padua), Italy
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Fig. 1. Transvalvular impedance (TVI). Current source, signal and the injection of the
low-voltage pulsed carrier signal between the pacing electrodes

Fig. 2. TVI and volume waveforms, ECG, and atrial electrograms



tolic volume (ESV), which is sensitive to changes in cardiac contractility
[2–5]. Relative variations in end-diastolic volume, end-systolic volume,
stroke volume, and ejection fraction define a cardiac inotropic index, com-
pletely independent of preload effects, which is a direct expression of the
autonomic nervous system’s regulation of the heart [6–9].

Study Objective

Measurement of intracardiac impedance requires the injection of a low-volt-
age pulsed carrier signal between the pacing electrodes. The aim of the study
was to evaluate whether these pulses interfere with standard functions of the
Sophòs (Medico-SpA) pacemaker.

Methods

The experimental protocol was approved by the Institutional Animal Care
and Use Committee of Favaloro University, and the study was conducted in
three castrated adult male sheep according to the Guide for the Care and Use
of Laboratory Animals published by the United States National Research
Council (1996). Five days before surgery, three pairs of subcutaneous elec-
trodes were implanted for Holter monitoring. Cables were tunnelled subcu-
taneously to emerge at the interscapular space.

Anaesthesia and Intraoperative Monitoring

After 24 h starvation and 12 h without drinking water, general anaesthesia
was induced in the animals with sodium thiopental and maintained with
1.5–2% halothane carried in pure oxygen (2.5 l/min) under assisted ventila-
tion. Ventilation was performed using positive pressure ventilation at a rate
of 12 breaths per minute and a tidal volume of 600 ml adjusted to maintain
an end-tidal CO2 of approximately 25–30 mmHg. Surface ECG and PCO2

were continuously displayed on a monitor. Heart rate and blood oxygen satu-
ration were measured by pulse oximetry.

Data Acquisition

Blood pressure was measured using a pressure transducer (Gould 6600
SeriesTransducer). Aortic pressure and ECG signals were registered on a six-
channel signal conditioner (Gould 5900) and simultaneously on a chart
recorder which allowed the signals to be displayed on a PC monitor.
Instantaneous pressure and/or ECG signals were sampled and analysed off-
line on a computer equipped with a multi-channel 12-bit analogue-to-digital
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converter. Signals were digitised every 4 ms and stored as ASCII text files
using specific software developed in the Biomedical Engineering
Department of Favaloro University.

Surgery

With the animals in right lateral decubitus, pacing leads (Oscor HT52 PSBV
atrial screw-in and Medico 340 tined ventricular leads) were inserted via the
jugular vein guided by fluoroscopy using a C-arm angiography apparatus.
Atrial and ventricular pacing and sensing thresholds were measured with
TVI on and off. Then, the pacemaker was placed subcutaneously in the later-
al surface of the neck. After implantation, recording of arterial pressure and
ECG were performed under baseline conditions and during intravenous
infusion of isoproterenol (2 µg/ml). Holter monitoring was performed 2
weeks and 4 weeks after implantation to look for pacemaker malfunctions
(undersensing or oversensing).

Results

Figure 3 shows ventricular capture and sensing threshold at implantation
and 2 and 4 weeks after implantation. Ventricular capture thresholds had
increased a little after 2 weeks, as usual, but there was no difference between
measurements with TVI on or TVI off. There was no difference in ventricu-
lar sensing thresholds either. The same result was obtained for measure-
ments of 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



In Figure 5 we can see normal sinus rhythm (a) before pacemaker
implantation and normal pacemaker function after implantation (b).
Sporadic atrial undersensing was found after 2 weeks (c). This was corrected
by reprogramming the atrial pacemaker sensitivity.

343Intracardiac Haemodynamic Sensor: Evaluation of Safety

Fig. 4. Atrial capture and sensing thresholds at implantation and 2 and 4 weeks after
implantation

Fig. 5. a Normal sinus rhythm. b Normal pacemaker function after implantation.
c Sporadic atrial undersensing

a

c

b



Conclusions

In the present animal model study, TVI sensor operation did not interfere
with conventional pacemaker functions of implanted Sophòs pacemakers.
These results look promising since this sensor could play an important part
in haemodynamic monitoring: for physiological rate adaptation, for beat-to-
beat capture confirmation, in patients with neurocardiogenic syncope, for
the follow-up of patients with heart failure, to indicate the best interventric-
ular delay in CRT, and to identify arrhythmias and their haemodynamic
impact in implantable cardioverter–defibrillators [10–12].
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Transvalvular Impedance in the Autoregulation of a Cardiac
Pacemaker

F. DORTICÓS1, M.A. QUIÑONES1, F. TORNES1, Y. FAYAD1, R. ZAYAS1, J. CASTRO1,
A. BARBETTA2, F. DI GREGORIO2

Introduction

Self-adaptation of the main pacing parameters to changing conditions in
daily life is a major challenge in pacemaker technology, which started with
the development of devices designed to regulate the stimulation rate accord-
ing to the patient’s metabolic needs. A variety of rate-responsive sensors
have been applied to this purpose [1]. The most widely used system relies on
the detection of body movement by means of an accelerometer mounted in
the pacemaker circuit, which is known to ensure high sensitivity and quick
rate adaptation to the walking speed. However, the accelerometric sensor
cannot discriminate between active and passive motion, thus producing
overpacing whenever the patient is shaken or trembling. Furthermore, the
accelerometric signal immediately returns to baseline when a physical activi-
ty is stopped; in consequence, the pacing rate is not regulated during the
recovery period. To prevent such inconveniences, dual-sensor pacemakers
have been developed by coupling the accelerometer with a physiological sen-
sor, such as the minute ventilation or the Q–T interval [2, 3]. A combined
sensing system provides different indications which complement each other
and are usually averaged in programmable proportion by a blending algo-
rithm to derive the most suitable pacing rate.

In principle, a haemodynamic sensor would be the most appropriate
physiological counterpart of the accelerometer. Haemodynamic sensors are
designed to record changes in cardiac inotropic regulation, which are
expected to be faster and more specific than the modifications in respiratory
activity or Q–T duration [4, 5]. In recent years, a new haemodynamic sensor
based on transvalvular impedance (TVI) has been proposed to monitor both

1Institute of Cardiology and Cardiovascular Surgery, La Havana, Cuba; 2Medico Clinical
Research, Rubano (Padua), Italy



stroke volume (SV) and preload at the same time, in order to infer an esti-
mate of myocardial contractility devoid of the intrinsic regulation, which is
independent of the autonomic nervous system and therefore unrelated to the
sinus rate [6–9]. We report the preliminary results of a pilot study which is
testing in human patients the general properties and the rate-responsive
function of the first implantable pacemaker featuring the TVI sensor.

Materials and Methods

The study was approved by the local Ethical Committee and all enrolled
patients gave their written informed consent. Six patients presenting with
sick sinus syndrome with marked bradycardia and depressed chronotropic
response have been implanted with the Sophòs 100 DDD-R pacemaker
(Medico, Padua, Italy), which is equipped with a dual-sensor rate-responsive
system including an accelerometer and the TVI recorder. The stimulator was
connected with bipolar, passive fixation, atrial and ventricular pacing leads
(Medico models 366 and 340, respectively) provided with porous Ti elec-
trodes coated with Pt. The atrial lead was positioned in the right appendage
and the ventricular lead in the apex.

The patients were checked before discharge and at 1 and 2 months after
the implantation. During this initial follow-up period, the TVI sensor was
enabled only to collect data to test the response during postural changes and
controlled physical activity. The regulation of the rate-responsive function
was totally entrusted to the accelerometer, the reliability of which was
assessed during fast walking as well as by 24-h Holter monitoring. The rate-
response profile of the accelerometric sensor consists in a dual-slope linear
increase in pacing rate as a function of the acceleration detected: the first
slope is defined by the difference between the programmable ‘snap rate’ and
the basic rate, while the second slope results from the difference between the
sensor upper rate and the snap rate.

TVI is the electric impedance recorded between right atrium and ventri-
cle along the cardiac cycle. The Sophòs 100 pacemaker measures TVI by
applying square subthreshold current pulses of 125-µs duration and ampli-
tude automatically adapted to the detected impedance, up to a maximum of
45 µA. Although several combinations between current injecting and voltage
sampling electrodes are allowed, the present study focused on two alterna-
tive TVI configurations: impedance recording between the atrial ring and
the ventricular ring (Ar–Vr), or between the atrial ring and the ventricular
tip electrodes (Ar–Vt). The minimum (edTVI) and maximum (esTVI) values
detected in each cardiac cycle within two rate-adaptive time windows, corre-
sponding to the maximum predictable duration of the isometric systole and
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the ejection period, respectively, are stored in the memory and processed by
the pacemaker in order to derive the inotropic index and the corresponding
TVI-indicated pacing rate.

The TVI waveform transmitted by real-time telemetry and the trends of
edTVI and esTVI were recorded with the patient resting in the supine posi-
tion, right lateral decubitus, left lateral decubitus, and standing upright, as
well as during physical exercise of various degrees (slow and fast walking,
stair climbing, leg bending), with the aim of evaluating TVI sensitivity and
specificity to the cardiovascular challenge induced by common activities of
daily living. In addition, the sensitivity of the pacemaker to intrinsic electri-
cal activity was assessed in the presence or absence of TVI sampling current.
Mean data are reported ± 1 standard deviation. The significance of differ-
ences was evaluated by the paired Student’s t-test and the Wilcoxon signed
rank test, respectively, for parametric and non-parametric data.

Results

The implantations were carried out by the standard procedure. Acute atrial
and ventricular pacing thresholds were, respectively, 0.46 ± 0.22 V and 0.39
± 0.22 V (0.5-ms pulses, unipolar mode). The corresponding pacing imped-
ance at 5 V averaged 695 ± 132 Ω and 768 ± 201 Ω. The A wave amplitude on
implantation was 4.4 ± 1.3 mV in unipolar and 4.1 ± 1.9 mV in bipolar
mode. The R wave was 8.0 ± 2.6 and 9.3 ± 3.2 mV in unipolar and bipolar
mode, respectively.

The first follow-up check was performed within the first 2 days after the
implantation. In each patient, TVI was assessed in both the Ar–Vr and the
Ar–Vt configuration, after individual tuning of the sampling current. The
former TVI configuration was preferred in three cases, while the latter was
chosen in the other three patients. An example of the recorded TVI wave-
form is illustrated in Figure 1. The TVI signal regularly showed the expected
general properties, with minimum and maximum peaks falling within the
respective detection windows. In order to check whether the application of
the TVI sampling current might affect the pacemaker sensing function, the
upper value of bipolar atrial and ventricular sensitivity allowing 100% detec-
tion of intrinsic A and R waves was determined with the TVI sensor either
enabled or turned off. The upper limit of fully effective atrial sensitivity
(averaging 1.12 ± 0.85 mV and 1.13 ± 0.93 mV with the TVI sensor off
and on, respectively) was not affected by TVI sensor activation in four out of
six cases, while it was decreased by one programming step in one case and
increased by one programming step in a second case. Similarly, the upper
limit of fully effective ventricular sensitivity (averaging 5.17 ± 2.82 mV and
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5.00 ± 2.49 mV with the TVI sensor off and on, respectively) was not affect-
ed by the TVI sensor activation in five out of six cases and was decreased by
one programming step in one case. Such small differences have no statistical
significance.

The TVI signal response to exercise and postural changes was evaluated at
1 and 2 months from the implantation. The absolute values of both edTVI and
esTVI could be affected by posture, even in the absence of relevant modifica-
tions in the patient’s activity and metabolic demand (Fig. 2). On the other
hand, the TVI signal was modulated by the cardiovascular adaptation to physi-
cal activity. The inotropic index derived from TVI increased during stress
exercise and remained elevated for a while in the recovery phase (Fig. 3). The
maximum values of the inotropic index at rest, at peak exercise, and after 5
min recovery averaged 0.14 ± 0.10, 0.85 ± 0.52 and 0.51 ± 0.23, respectively,
in the whole patient group. The increase with respect to baseline was statisti-
cally significant for both exercise and recovery conditions (P < 0.05).

The pacing rate dynamics indicated by the accelerometric sensor in stan-
dard configuration was tested during fast walking (Fig. 4) and proved ade-
quate in all the patients, with a maximum rate increase of 38 ± 9 bpm
above the basic rate. No episode of sensor-induced tachycardia was noticed
in daily life by 24-h Holter recording.
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Fig. 1. Pacemaker event markers (upper trace) and TVI waveform (lower trace) trans-
mitted in real time by pacemaker telemetry and recorded by the programmer. The
markers indicate sequential atrial and ventricular pacing at 60 bpm. TVI was measured
in the Ar–Vt configuration; the open and shaded bars correspond to the detection win-
dows of the minimum and maximum TVI, which averaged 768 ± 1 and 808 ± 1 Ω,
respectively. The TVI sampling is suspended throughout the atrioventricular delay
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Fig. 2. Effects of postural changes on end-diastolic (open symbols) and end-systolic TVI
(filled symbols), recorded in the Ar–Vt configuration. The patient was resting in the
supine position, then moved to right lateral decubitus (rld), left lateral decubitus (lld),
supine, right lateral decubitus, left lateral decubitus, supine, standing up, and supine
again. The arrows mark the time of each transition

Fig. 3. TVI inotropic index modifications induced by physical exercise. The patient was
initially lying in the supine position, then walked slowly on the flat with little or no
effort. Thereafter, he was asked to climb and descend the stairs for three storeys twice as
fast as he was able, to walk slowly on the flat again in the recovery phase after the stress,
and finally to lie down in the supine position. The arrows mark the time of each transi-
tion. Note the increase in the inotropic index during exercise, followed by a delayed
decrease in the recovery period

time (min)

time (min)



Discussion

A rate-responsive algorithm based upon two complementary sensors is
expected to be sensitive to a wider range of physiological conditions and
more specific than a single sensor system, as a result of sensor cross-check
[3]. All currently available sensors feature advantages and disadvantages. The
accelerometer is a sensitive tool, but can be erroneously activated by passive
motion imposed on the patient’s body or even on the pacemaker alone.
Physiological sensors are generally more specific, but less sensitive and slow-
ly activated [10]. Haemodynamic sensors can be affected by preload and
afterload modifications [7, 9] and may require the use of special leads
including dedicated hardware, as is the case for the dP/dt and the peak endo-
cardial acceleration (PEA) sensors [4, 11]. As an alternative, information on
the inotropic state of the heart can be derived from electric impedance mea-
surements obtained with standard pacing leads. The heart mechanical activi-
ty entails impedance changes at every beat that can reflect the contraction
strength [12–14]. Rate-responsive systems based upon impedance recording
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Fig. 4. Cardiac rate (thicker curve) and accelerometer-indicated rate (lighter curve with
open circles) during fast walking. The accelerometric sensor was enabled in passive
mode, so the pacemaker worked out the accelerometer-indicated rate and stored it in
the memory without actually increasing the pacing rate. This allowed comparison of
the sensor-indicated rate and the sinus rate, whenever the latter exceeded the basic rate
(60 bpm)



proved generally effective in clinical practice [15, 16], although some cases of
overpacing associated with the orthostatic position were reported [17].

The TVI sensor is quite different from the tools used so far to record car-
diac impedance. The TVI waveform is a stable periodic signal which allows
impedance measurement with DC coupling. The information on the absolute
values of edTVI and esTVI, measured independently of each other with
respect to zero, is applied to monitor preload changes and protect the system
from the influence of the intrinsic heart regulation on the inotropic perfor-
mance [7–9]. Our preliminary experience confirms the good sensitivity of
TVI to the increased demand for blood supply induced by physical exercise.
The sensor response was also evident in the recovery phase following the
stress, when the patient was still or performing minimal activity. However,
TVI measurements could be affected by postural changes as well, even in the
absence of physiological modifications in either preload or myocardial con-
tractility. Although it is conceivable that the postural effects are more pro-
nounced in the early post-implant stages than in chronic conditions, when
the electrode fixation is expected to improve, a close interaction between
TVI and the accelerometer is mandatory to prevent possible false activations
caused by any of the two sensors. The Sophòs 100 pacemaker is provided
with special algorithms designed for this purpose, which will be tested in the
next steps of our study.

In conclusion, our results demonstrate that the Sophòs 100 pacemaker is
a reliable device that ensures precise pacing and sensing performance
whether the TVI sensor is enabled or not. Suitable rate regulation can be
achieved even by means of the accelerometer alone, which is properly tuned
for pacemaker patients who show normal motility. The TVI sensor can
extend the sensitivity of the rate-responsive system to isometric activities,
can drive the pacing rate in the recovery phase, and must integrate the
accelerometer in sensor cross-checking. In addition, TVI could play a pivotal
role in the autoregulation of a pacing device, providing permanent haemo-
dynamic validation of pacing and sensing effectiveness at every beat [18].
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Guidelines for the Management of Syncope

M. BRIGNOLE

Syncope is a transient, self-limited loss of consciousness usually leading to a
fall, due to transient global cerebral hypoperfusion. Causes of syncope are:
- Neurally mediated (reflex) syncopal syndromes
- Orthostatic
- Cardiac arrhythmias (as primary cause)
- Structural cardiac or cardiopulmonary disease

First of all, syncope must be differentiated from other ‘non-syncopal’ con-
ditions associated with real or apparent transient loss of consciousness such
as, for example, metabolic disorders, epilepsy, intoxication, transient
ischaemic attacks (TIA), and psychogenic ‘syncope’.

Initial Evaluation

The initial evaluation is based on a careful history and physical examination
including orthostatic blood pressure measurements. Other than in young
patients without heart disease, a 12-lead ECG should usually be part of the
general evaluation. Three key questions are:
- Is loss of consciousness attributable to syncope or not?
- Is heart disease present or absent?
- Are there important clinical features in the history that suggest the diagnosis?

History and Physical Examination

Questions should be asked about:
- Circumstances just prior to the attack: body position, activity, predispos-

ing factors, and precipitating events

Department of Cardiology and Arrythmologic Centre, Ospedali del Tigullio, Lavagna
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- Onset of the attack: nausea, vomiting, abdominal discomfort, feeling of
cold, sweating, aura, pain in neck or shoulders, blurred vision

- Attack (eyewitness): manner of the fall, skin colour, duration of loss of
consciousness, breathing pattern, movements and their duration, onset of
movement in relation to fall, tongue biting

- End of attack: nausea, vomiting, sweating, feeling of cold, confusion, mus-
cle aches, skin colour, injury, chest pain, palpitations, urinary or faecal
incontinence

- Background: family history, cardiac and neurological history, metabolic
disorders, medication, information about previous syncope
Physical findings that are useful in diagnosing syncope include cardio-

vascular and neurological signs and orthostatic hypotension. The presence
of a murmur or severe dyspnoea is indicative of structural heart disease and
of a cardiac cause of syncope.

Baseline Electrocardiogram

A normal ECG (most common finding) is associated with a low probability
of cardiac syncope as the cause. When abnormal, the ECG may disclose an
arrhythmia associated with a high likelihood of syncope, or an abnormality
which may predispose to arrhythmia development and syncope.

Abnormalities suggesting an arrhythmic syncope are:
- Bifascicular block or other intraventricular conduction abnormalities

(QRS duration > 0.12 s)
- Mobitz I second-degree atrioventricular block
- Asymptomatic sinus bradycardia (< 50 beats/min) or sinoatrial block
- Pre-excited QRS complexes
- Prolonged QT interval
- Right bundle branch block pattern with ST elevation in leads V1-V3

(Brugada syndrome)
- Negative T waves in right precordial leads, epsilon waves, and ventricular

late potentials suggestive of arrhythmogenic right ventricular dysplasia
- Q waves suggesting myocardial infarction

Definitive Diagnosis

Initial evaluation may lead to a definite diagnosis (no further evaluation may
be needed and treatment can be planed), in the following situations:
- Vasovagal syncope: if precipitating events such as fear, severe pain, emo-

tional distress, instrumentation or prolonged standing are associated
with typical prodromal symptoms
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- Situational syncope: if syncope occurs during or immediately after urina-
tion, defecation, cough, or swallowing

- Orthostatic syncope: when there is documentation of orthostatic hypoten-
sion associated with syncope or presyncope. A decrease in systolic blood
pressure > 20 mmHg or a decrease of systolic blood pressure to < 90
mmHg measured after 1 or 3 min of standing is defined as orthostatic
hypotension regardless of whether or not symptoms occur

- Cardiac ischaemia-related syncope: when symptoms are present with ECG
evidence of acute ischaemia with or without myocardial infarction, inde-
pendently of its mechanism

- Arrhythmia-related syncope in presence of the following ECG abnormali-
ties:
- Sinus bradycardia < 40 beats/min or repetitive sinoatrial blocks or

sinus pauses > 3 s in the absence of negatively chronotropic medica-
tions

- Mobitz II second- or third-degree atrioventricular block
- Alternating left and right bundle branch block
- Rapid paroxysmal supraventricular tachycardia or ventricular tachy-

cardia
- Pacemaker malfunction with cardiac pauses

Unexplained Syncope

In the presence of structural heart disease or an abnormal ECG, cardiac eval-
uation consisting of echocardiography, stress testing, and tests for arrhyth-
mia detection such as prolonged electrocardiographic and loop monitoring
or electrophysiological study is recommended.

If cardiac evaluation does not show evidence of arrhythmia as a cause of
syncope, evaluation for neurally mediated syndromes is recommended in
patients with recurrent or severe syncope.

In patients without structural heart disease and a normal ECG, evalua-
tion for neurally mediated syncope is recommended for those with recurrent
or severe syncope.

Reappraisal

When no cause of syncope can be determined, reappraisal of the work-up is
needed since subtle findings or new historical information may change the
entire differential diagnosis.
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Role of Anamnesis: Is It a Complete Tool?

P. ALBONI, M. DINELLI, F. PACCHIONI

Syncope is a symptom, defined as transient, self-limited loss of conscious-
ness, usually leading to a fall. The onset of syncope is relatively rapid, and
the subsequent recovery is spontaneous, complete, and usually prompt. The
underlying mechanism is a transient global cerebral hypoperfusion. The
subdivision of syncope is based on the pathophysiology as follows [1]:
- Neurally mediated reflex syncope
- Orthostatic hypotension
- Cardiac arrhythmias as a primary cause
- Structural cardiac or cardiopulmonary disease and steal syndromes

(when a blood vessel has to supply both parts of the brain) 
Syncope must be differentiated from other ‘non-syncopal’ conditions (i.e.

those not secondary to global cerebral hypoperfusion) associated with real
or apparent loss of consciousness, such as epilepsy, hypoglycaemia, hypoxia,
vertebrobasilar transient ischaemic attack, fall, cataplexy, drop attack, and
psychogenic pseudo-syncope.

It is commonly accepted that taking the history is an essential part of the
work-up of patients with transient loss of consciousness. The historical find-
ings per se may be diagnostic of the cause of syncope, or may suggest a strat-
egy of evaluation. The clinical features of the presentation are most impor-
tant, especially factors that might predispose to syncope and its sequelae.
Some attempts have been made to validate the diagnostic value of the history
in prospective and case-control studies [2–6]. When taking a history, all the
items listed in Table 1 should be carefully investigated [1]. Moreover, three
key questions should be addressed during the initial evaluation: (1) Is the
loss of consciousness attributable to syncope or not? (2) Is heart disease pre-
sent or absent ? (3) Are there important clinical features in the history that
suggest the diagnosis?
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With regard to the first question, the most frequent cause of non-synco-
pal loss of consciousness appears to be epilepsy. The diagnosis of the latter is
generally easy if loss of consciousness is observed by an eyewitness. Clinical
features suggesting epilepsy are as follows: tonic-clonic movements which
are usually prolonged (> 15 s) and whose onset coincides with loss of con-
sciousness, hemilateral clonic movements, tongue biting, blue face, typical
aura, prolonged confusion, aching muscles, and ‘pins and needles’ before the
event.

With regard to the second question, it is important to evaluate the pres-
ence of heart disease, not only because of its prognostic significance, but
because with few exceptions its absence excludes a cardiac cause of syncope.
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Table 1. Important features in the history

Questions about circumstances just prior to attack
Position (supine, sitting, or standing)
Activity (rest, change in posture, during or after exercise, during or immediately
after urination, defecation, coughing, or swallowing)
Predisposing factors (e.g. crowded or warm places, prolonged standing, postprandial
period)
Precipitating events (e.g. fear, intense pain, neck movements)

Questions about onset of attack
Nausea, vomiting, abdominal discomfort, feeling cold, sweating, aura, pain in neck or
shoulders, blurred vision, chest pain, palpitations

Questions about the attack (eye witness)
Manner of fall (slumping or keeling over), skin colour (pallor, cyanosis, flushing),
duration of loss of consciousness, breathing pattern (snoring), movements (tonic,
clonic, tonic-clonic or minimal myoclonus, automatism) and their duration, onset of
movement in relation to fall, tongue biting

Questions about the end of the attack
Nausea, vomiting, feeling cold, sweating, confusion, muscle aches, skin colour, injury,
chest pain, palpitations, urinary or faecal incontinence

Questions about the background
Family history of sudden death
Previous cardiac disease
Neurological history (parkinsonism, epilepsy, narcolepsy)
Metabolic disorders (diabetes, etc.)
Medication (antihypertensive, anti-anginal, antidepressant agent, anti-arrhythmic,
diuretics, and QT prolonging agents)
(In the case of recurrent syncope:) Information on recurrences such as the time
from the first syncopal episode and the number of spells



In fact, in a recent study [5], heart disease was an independent predictor of
cardiac cause of syncope, with a sensitivity of 95% and a specificity of 45%;
by contrast, the absence of heart disease allowed exclusion of a cardiac cause
of syncope in 97% of the patients.

Finally, accurate history taking alone may allow diagnosis of the cause of
syncope or may suggest an evaluation strategy. The results of the initial eval-
uation are diagnostic of the cause of syncope in the following situations [1]:
- Vasovagal syncope is diagnosed if precipitating events such as fear, severe

pain, emotional distress, instrumentation, or prolonged standing are
associated with typical prodromal symptoms.

- Situational syncope is diagnosed if syncope occurs during or immediate-
ly after urination, defecation, cough, or swallowing.

- Orthostatic syncope is diagnosed when there is documentation of ortho-
static hypotension associated with syncope or presyncope. Orthostatic
blood pressure measurements are recommended after 5 min of lying
supine, followed by measurements each minute, or more often, after
standing for 3 min. Measurements may be continued for longer, if blood
pressure is still falling at 3 min. If the patient does not tolerate standing
for this period, the lowest systolic blood pressure during the upright pos-
ture should be recorded. A decrease in systolic blood pressure ≥ 20
mmHg or a decrease of systolic blood pressure to < 90 mmHg is defined
as orthostatic hypotension regardless of whether or not symptoms occur.

- Cardiac-ischaemia-related syncope is diagnosed when symptoms are pre-
sent with electrocardiographic evidence of acute ischaemia with or with-
out myocardial infarction, whatever its mechanism.
Under these circumstances, no further evaluation of the disease or disor-

der may be needed and treatment, if any, can planned. More commonly, the
initial evaluation leads to a suspected diagnosis, when one or more of the
following features are present:
- Neurally mediated syncope: absence of cardiological disease; long history

of syncope after sudden unpleasant sight, sound, smell, or pain; pro-
longed standing or crowded, hot places; nausea, vomiting associated with
syncope during the meal or in the absorptive state after a meal; with head
rotation; pressure on carotid sinus; after exertion.

- Syncope due to orthostatic hypotension: after standing up, temporal rela-
tionship with start of medication leading to hypotension, prolonged
standing especially in crowded, hot places, presence of autonomic neu-
ropathy or parkinsonism, after exertion.

- Cardiac syncope: presence of definite structural heart disease, during
exertion or supine, preceded by palpitation, family history of sudden
death.
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- Cerebrovascular syncope: with arm exercise, differences in blood pressure
or pulse in the two arms.
It should be underlined that neurally mediated syncopes (tilt-induced,

carotid sinus) show very similar clinical features, apart from classical vaso-
vagal syncope [7]. In the presence of clinical features suggesting a cardiac
cause of syncope, the first examinations to be performed are the cardiologi-
cal ones (echocardiography, prolonged electrocardiographic monitoring,
etc.), whereas in the presence of features suggesting a neurally mediated syn-
cope, the first examinations to be performed are the autonomic tests (tilt
testing, carotid sinus massage). Therefore, a careful history can optimise the
work-up of syncope, avoiding useless tests and reducing the high diagnostic
costs in patients with syncope.

Data from seven population-based studies showed that the history and
physical examination identified a potential cause of syncope in 726 of 1607
patients (45%) whose primary disorder can be diagnosed [1]. However, the
diagnostic criteria for vasovagal syncope, which represents the most fre-
quent cause of loss of consciousness, have been varied among studies and,
probably, too extensive criteria have been used. In more recent studies [5, 8],
history and physical examination identified a potential cause of syncope in
15–20% of patients.

History appears more useful in the younger than in the elderly (≥ 65
years); in fact a possible cause of syncope was suggested on the basis of the
history in 32% of the former and in only 6% of the latter [8]. The clinical
manifestations of syncope change significantly in elderly patients, since dur-
ing the prodromal and recovery phase the frequency of symptoms (predomi-
nantly the autonomic ones) decreases in older patients, thus reducing the
utility of the history.
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Is There Still a Role for Drug Therapy in Vasovagal Syncope?

M. GULIZIA, G.M. FRANCESE

By definition, syncope is not a disease, but a symptom clinically charac-
terised by transient loss of consciousness, which generally leads to falling,
followed by spontaneous recovery [1]. It can be due to neuromediated mech-
anisms as well as to cardiac or cerebrovascular causes. The Framingham
study [2], which investigated 5209 patients with 26 years’ follow-up, indicat-
ed that syncope occurring in patients without cardiovascular or neurological
pathology is likely to be  neuromediated in nature, with a proportion ranging
from 0.8% in the age group between 35 and 44 years to 4% in the oldest
patients (age > 75 years). No increase in the incidence of sudden death,
acute myocardial infarction, or cerebral stroke was noticed with respect to
the syncope-free group throughout the follow-up. Nevertheless, some
authors [3] define particular forms of vasovagal syncope as ‘malignant’, not
because they carry an increased likelihood of sudden death, but because they
can result in severe trauma, especially when the syncope is not preceded by
relevant prodromes, as frequently happens in the elderly. Therefore, therapy
against neuromediated syncope should essentially be aimed at preventing
trauma and improving quality of life, especially in patients involved in risky
professional activities, such as public transport drivers and aircraft pilots.

All patients should be reassured as to the benign nature of the disorder
and receive behavioural advice. They should be trained to avoid syncope-
triggering conditions (such as over-warm or crowded environments, or pro-
longed standing up) and to recognise possible prodromes and all signs and
symptoms preceding the event, in order to react with appropriate manoeu-
vres to abort the syncope and prevent any injury. A volume increase is neces-
sary, which can be achieved by liquid (2–3 l water) [4] and salt injection (up

Cardiology Department, San Luigi - S. Currò Hospital, Catania, Italy



to 120 mmol/day NaCl) [5]. Regular light physical exercise is recommended.
Alcohol drinking and other addictions should be avoided or strongly
reduced.

Several drugs with various mechanisms of action have been proposed for
the prevention of syncopal events: e.g. clonidine, scopolamine, domperidone,
ethylephrine, beta-blockers, dihydroergotamine, enalapril, disopyramide,
theophylline, paroxetine, fludrocortisone, and midodrine. The wide spec-
trum of drugs reflects both the variability of and the limited knowledge
about the pathophysiological mechanisms of neuromediated syncope in dif-
ferent patients. Generally, while results from uncontrolled or short-term con-
trolled studies were satisfactory [6], with few exceptions, all but one studies
with control versus placebo design were disappointing. Beta-blockers have
been used for their negative inotropic effects, with the aim of reducing the
mechanoreceptor activation associated with decreased venous return, as well
as to counteract the rate increase induced by high levels of circulating adren-
aline, which precedes the loss of consciousness [7]. Studies performed by
Scott et al. [8] and Ventura et al. [9], with follow-up longer than 6 months,
demonstrated a reduction in recurrences with respect to untreated patients,
while Brignole et al. [10] and Madrid et al. [11], who studied the effects of
atenolol–ergotamine–domperidone and atenolol alone, respectively, did not
confirm the drug benefit. Data from Ventura et al. [9] indicate that lipophilic
beta-blockers, like propranolol and methoprolol, which can cross the
blood–brain barrier, show a greater effect (29% recurrences versus 79% in
non-treated patients; P = 0.004). Nevertheless, a placebo mechanism cannot
be excluded. At present, it is not clear whether beta-blockers are effective in
reducing syncopal recurrences. An arm of the randomised controlled versus
placebo study VASIS, designed to analyse the effects of ethylephrine, was
closed after 10 months because the drug proved ineffective [12]. Similarly,
controlled studies performed with domperidone [10], disopyramide [13],
and dihydroergotamine [10] did not demonstrate significant drug effects.
The main limitations of these studies are short follow-up and the lack of
placebo-treated control groups. Ward et al. [14] performed a prospective
controlled study on the short-term effects of midodrine in severely sympto-
matic aged patients affected by vasodepressive vasovagal syndrome with fre-
quent syncopal episodes. Positive results were reported, but the study was
not controlled versus placebo. Another study from Natale et al. [15] investi-
gated the effectiveness of midodrine in 6 months follow-up, showing a
reduction in the number of syncopal events, but this study also had a short
follow-up and no placebo administration in the control group. Di Girolamo
et al. [16] demonstrated positive effects of paroxetine, a serotonin reuptake
inhibitor, in a large controlled versus placebo study with a follow-up of 25
months. A reduction of syncope prevalence from 53% to 17% was reported,
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but the results were not confirmed in other investigations and the drug is not
indicated at present. Enalapril, an ACE inhibitor, was used in a study by Zeng
et al. [17] with positive results, which were likely due to the inhibition of the
sympathetic nervous system (Table 1).

Available clinical information does not show clearly whether drug treat-
ment is advisable in patients affected by vasovagal syncope and what drug
could be selectively indicated. The usually benign course of the disorder,
often showing long periods without symptoms, together with the possible
therapeutic effects of tilt testing and increased self-confidence in the patient,
which can be helped by reassurances from the physician, can produce a false
impression of efficacy for any drug treatment under evaluation. In the past,
an expected drug action had to be confirmed by the tilt test, since lack of
syncope in previously tilt-test-positive patients was considered a marker of
therapeutic effectiveness. This technique is no longer used, however, since
some trials have reported equal reduction in the occurrence of syncope in
treated and untreated patients [10, 12, 13, 18].

In conclusion, no drug has proved clearly effective in syncope prevention
so far, and further randomised placebo-controlled studies are required to
ascertain the real effectiveness of any pharmacological treatment.
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Table 1. Effects of different drugs in the prevention of vasovagal syncope recurrences 

Author Year Drug Dosage No. Follow-up Results
pts (months)

Madrid et al. [11] 2001 Atenolol 50 50 12 N.S.

Scott et al. [8] 1995 Atenolol 25–100 29 6 Effective

Brignole et al. [10] 1992 Atenolol 100 15 10 N.S.

Ventura et al. [9] 2002 Propranolol 80–100 56 12 Effective

Ventura et al. [9] 2002 Metoprolol 50–100 56 12 Effective

Moya et al. [18] 1995 Ethylephrine 30 60 12 N.S.

Raviele  et al. [12] 1999 Ethylephrine 75 126 12 N.S.

Morillo et al. [13] 1993 Diisopyramide 800 21 29 N.S.

Brignole et al. [10] 1992 Dihydroergotamine 18 4 10 N.S.

Brignole et al. [10] 1992 Domperidone 60 4 10 N.S.

Natale et al. [15] 1999 Midodrina 15–45 61 6 Effective

Zeng et al. [17] 1998 Enalapril 10 30 13 Effective

Di Girolamo 1999 Paroexetine 20 68 25 Effective
et al. [16]

Scott et al. [8] 1995 Fludrocortisone 100–200 29 6 Effective
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When Do We Need a Permanent Pacemaker in Neuromediated
Syncope?

F. GIADA, A. RAVIELE

Introduction

Syncope is a very frequent clinical disease [1]. About 30% of the general pop-
ulation undergo one syncopal episode in their lifetime, while at least 3% faint
more than once. Moreover, it is the cause of about 3% of visits to hospital
emergency rooms. In most cases, the aetiology of syncope is neuromediated.

Neuromediated syncope is related to bradycardia and hypotension caused
by an abnormal cardiac activation of baroreceptors and of major vessels.
Baroreceptor activation produces a vagal overtone and a decrease in sympa-
thetic efferents, thus leading to bradycardia, vasodilation, and hypotension.
Though neuromediated syncope does not directly cause death, it is often
associated with severe trauma and, when recurrent, significantly impairs the
patient’s quality of life [2–4].

In most cases, neuromediated syncope is an isolated event and patients
improve after tilt testing and specialist reassurance regarding their condition
[1]. However, some patients continue to have frequent fainting fits and suffer
severe functional and psychological limitations which significantly under-
mine their quality of life. Such patients need specific treatment.

The treatment of neuromediated syncope involves behavioural measures
for all patients, drug therapy for those who are most symptomatic, and pace-
maker implantation in very selected cases [1].

Studies on drugs for the treatment of neuromediated syncope have yield-
ed disappointing results [5–11]. In only two brief small-scale investigations
[12, 13] did the drug used prove to be more effective than placebo. Thus,
drug therapy for neuromediated syncope is still controversial and remains
under examination.
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Role of Pacing in the Treatment of Neuromediated Syncope

While single-chamber VVI mode pacing has proved to be ineffective in the
treatment of neuromediated syncope [14], several non-randomised studies
[15–17] have shown a significant decrease in syncope recurrence in patients
who had undergone dual-chamber pacing. In the last few years, three ran-
domised non-controlled studies revealed the efficacy of dual-chamber pace-
maker implantation in reducing recurrences in patients with recurrent neu-
romediated syncope. The VPS study [18] demonstrated the effectiveness of
DDD with rate-drop-response pacemakers in patients affected by neurome-
diated syncope who had a positive result on head-up tilt testing and present-
ed a variable cardioinhibitory component. The VASIS study [19], on the other
hand, showed the effectiveness of a DDI mode pacemaker with hysteresis in
patients with vasovagal syncope and positive head-up tilt testing with a
marked cardioinhibitory component. Finally, the SYDIT study demonstrated
the superiority of DDD with rate-drop-response pacemakers with respect to
drug therapy [20].

However, since the above-mentioned studies were non-controlled
(patients randomised to the control arm did not receive a pacemaker), the
benefits observed might have been due to the placebo effect of the pacemak-
er. Indeed, the very recently published VPS II trial [21] and SYNPACE trial
[22], two randomised, double-blind, placebo-controlled studies in which all
enrolled patients underwent pacemaker implantation and were afterwards
randomised to active pacing or inactive pacing, were unable to show any sta-
tistically significant superiority of pacemaker treatment over placebo. The
main finding of the SYNPACE study [22] is that active cardiac pacing is not
more effective than inactive pacing in preventing syncopal recurrences in
patients with severe neuromediated syncope: neither the number of patients
with syncopal recurrence nor the time to the first syncopal recurrence sig-
nificantly differed between pacemaker on and pacemaker off patients.
Moreover, the incidence and number of presyncopes were similar between
patients with active pacing and those with inactive pacing. Furthermore, in
the SYNPACE study the presence of a marked cardioinhibitory component
during tilt-induced syncope did not identify patients who were likely to ben-
efit from permanent pacing. These results confirm previous observations
regarding the poor value of head-up tilt testing in predicting the efficacy of a
given therapeutic intervention [5].

Thus, at the present time, we have insufficiently compelling data on the real
efficacy of electrical therapy for the treatment of neuromediated syncope.
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Future Perspectives

A crucial point in the use of permanent cardiac pacing in the treatment of
neuromediated syncope is the right selection of patients. Perhaps the docu-
mentation of severe bradycardia/asystole during spontaneous syncope by
means of an implanted loop recorder, and not the observation of a cardioin-
hibitory response during tilt-induced syncope, will identify patients who will
benefit most from pacemaker implantation.

One of the most important limitations of pacing in neuromediated syn-
cope is timely detection of the onset of the neuromediated reaction and trig-
gering of pacing. Rate-drop response, like the other algorithms utilised in the
studies mentioned above, is a sensing modality based on a reduction in the
heart rate. It is possible that the use of different sensing modalities, such as
those based on cardiac contractility [23] or respiratory changes [24], might
yield better results in preventing syncopal relapse.

Finally, the combination of a dual-chamber pacemaker with an implantable
drug delivery system using vasoactive drugs able to counteract both bradycar-
dia and vasodilation could be proposed for very symptomatic patients [25].
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CT Coronary Angiography with 16-Row Multi-slice Scanner:
Do We Still Need Conventional Coronary Angiography?

F. CADEMARTIRI, G. RUNZA, M. BELGRANO, P. MALAGUTTI, N. MOLLET, P. DE FEYTER

Background

Coronary artery disease (CAD) remains globally the leading cause of death
and long-term morbidity. Among the many manifestations of CAD, acute
coronary syndrome, ranging from unstable angina to acute myocardial
infarction, is the most catastrophic event due to our inability to predict its
occurrence. Despite improved treatments for CAD, acute coronary syndrome
results in sudden death or permanent disability in a substantial percentage
of patients. In patients who have an acute coronary syndrome, rapid and
accurate risk stratification is crucial. If we could predict the timing of acute
coronary syndrome or, better yet, prevent its occurrence, we could alter the
otherwise unfavourable course of CAD.

Non-invasive visualisation of the heart is a demanding application for
any imaging modality [1, 2]. The use of multi-slice CT (MSCT) for the evalu-
ation of the heart and coronary arteries was born in 1999 with the introduc-
tion of four-row MSCT scanners [3]. The results of that generation of scan-
ners were encouraging but still insufficient to ensure diagnostic confidence
because of the high percentage of segments that could not be assessed [4].
The subsequent introduction of 16-row MSCT scanners significantly
enhanced the spatial and temporal resolution, allowing the evaluation of
almost all the coronary segments [4].

Technique

High temporal resolution is required to freeze cardiac motion and avoid
motion artefacts due to the heart beat [4]. High spatial resolution is also
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needed for the depiction of small structures and the complex anatomy of the
coronary arteries [4].

The heart volume must be examined within one breath-hold to avoid
motion artefacts. Two different methods were developed to acquire motion-
less images of the coronary vessels, depending respectively on prospective
triggering of the acquisition or retrospective reconstruction of a static
image. With prospective ECG triggering, the heart volume is covered by sin-
gle axial scans acquired after a selectable delay following the onset of an R
wave. With retrospective ECG gating, the heart volume is covered continu-
ously by a spiral scan. The patient’s ECG signal is acquired simultaneously to
allow retrospective selection of data segments for image reconstruction. It
became immediately evident that retrospective ECG reconstruction was the
winning technique for the study of the coronary vessels by CT angiography,
because of its ability to overcome technical difficulties caused by the
patient’s hearth rate irregularities.

Cardiac scanning is characterised by spiral geometry with a very low
pitch, generally 0.25, that implies an oversampling of the information
throughout the cardiac cycle. Simultaneously the ECG is recorded [4].
During the acquisition a bolus of contrast medium is administered. A high
flow rate (usually 5 ml/s) is necessary to obtain optimal coronary opacifica-
tion during the acquisition [5–7]. After the scan is performed, the raw data
are retrospectively reconstructed in the diastolic phase of the heart cycle
using the ECG track as the reference point. Within the ECG, the R wave is
widely used as a triggering point, because it is an easy wave for the software
to recognise.

At this point the operator has to carry out the reconstructions to obtain a
motionless dataset. Based on this dataset the radiologist performs the image
reconstructions of the entire coronary tract. Sometimes motion artefacts due
to irregularities of the heart rhythm necessitate additional reconstructions
in order to obtain an image of the coronary artery that is diagnostic. To
obtain diagnostic images the operator uses all the tools that the console will
allow: multiplanar reformatting (MPR), curved multiplanar reformatting
(cMPR), maximum intensity projection (MIP), 3D volume rendering, and 4D
volume rendering [8–10]. The width of the temporal window that is used for
the reconstruction is linked to the temporal resolution of the scanner.
Modern scanners have high gantry rotation speed (0.4 s for the 16-row
MSCT, Siemens Sensation 16) that allows high temporal resolution and a
shorter temporal window. One image can be reconstructed using the infor-
mation derived from 180° of gantry rotation. Therefore, if the gantry rotation
time is 400 ms, the temporal resolution for a single image will be 200 ms
[4]. This level of resolution is still far from the 50- to 100-ms range that char-
acterises Electron Beam CT (EBCT) and magnetic resonance imaging.
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Nevertheless, 16-row MSCT can provide high spatial resolution (< 0.5 mm)
and retrospective reconstruction algorithms.

An important parameter that affects image quality is the patient’s heart
rate. The development of faster scanners has reduced the rotation time and
increased the temporal resolution, but a high heart rate reduces the width of
the temporal window available to the software to perform the reconstruction
of a single fixed image. For these reasons, optimal motion-free cardiac phase
can always be found in patients with heart rates below 65 bpm. When the
heart rate is higher than 65 bpm, premedication based on beta-blockers is
needed. Despite this, however, coronary imaging with MSCT appears promis-
ing and will probably soon come into clinical use in selected patient popula-
tions who have fewer limitations.

Results

MSCT coronary angiography (MSCT-CA) has been a reliable non-invasive
tool for the detection of CAD in selected populations of patients since the
introduction of 16-slice CT scanners (Table 1). High spatial and temporal
resolution allows the evaluation of coronary segments down to 1.5 mm in
diameter. Aggressive heart rate control remains of paramount importance
for reliable results. Sensitivity and specificity for the detection of significant
coronary artery stenosis (> 50% lumen reduction) have been reported in the
range of around 94% and around 90%, respectively [11–18].

Clinical Applications

One of the main indications for MSCT is non-invasive coronary artery imag-
ing. Although at the moment only selected populations of patients are suitable
candidates for this method, there are many of them and they only partly over-
lap with the population traditionally selected to undergo conventional coro-
nary angiography. In particular, they include young asymptomatic patients at
high risk of cardiovascular disease, symptomatic patients with inconclusive
conventional tests (e.g. ECG, ultrasound, stress echocardiography), and
patients being followed for coronary stent and graft patency (Table 2).

With this new approach we can scan patients with unclear symptoms and
inconclusive tests in a very short time: the patient preparation for the scan, if
the heart rate is below 65 bpm, is the same as for a normal CT angiography
scan and requires only few minutes; the image reconstruction and evaluation
by a trained radiologist require about 15–30 min. The advantages of this
technique are obvious in view of the vascular wall and plaque characterisa-
tion, which allows plaque morphology to be studied via a non-invasive exam
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that takes only a short time to perform and does not require admission of
the patient for 1 day.

A new approach to the unstable patient is now possible. Usually when a
patient presents with atypical chest pain and non diriment ECG and blood
marker results, the normal approach is to admit the patient to a semi-inten-
sive coronary unit to monitor the development of the situation and to collect
enough data to make a correct diagnosis and perhaps eventually to treat the
coronary stenoses or occlusion. Multi-slice CT in the emergency department
could be useful in this setting in order to exclude an acute coronary syn-
drome immediately (without needing to await cardiac enzyme confirmation)
and allow the patient to be discharged directly or the referring doctor to be
pointed in another direction. If, on the other hand, the MSCT is positive, the
patient can undergo the proper treatment sooner.

Role of MSCT in Acute Coronary Syndrome

Several studies have demonstrated that most acute coronary syndromes
develop from previously mild to moderate stenoses. Based on these and
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Table 2. Potential applications of CT coronary angiography

Early detection of stenosis:
Non-symptomatic high-risk patients

Exclusion of stenosis:
High-risk patients [14, 17, 18]
Prior to major (non-cardiac) surgery

Detection and/or exclusion of stenoses:
Atypical (unstable) chest pain [17]
Refractory chest pain of doubtful coronary origin
Non-conclusive stress tests

Substitution for conventional coronary angiography:
Prior to percutaneous coronary intervention [21]
High-risk patients: aortic disease

Adjuvant to coronary angiography:
Plaque characterisation [19, 20, 22, 23]
Complicated coronary catheterisation
Total coronary occlusion [21]

Follow-up:
Percutaneous coronary intervention
Bypass surgery [24, 25]



autopsy studies, sudden disruption or rupture of the non-obstructive ‘vul-
nerable’ atherosclerotic lesion is currently considered to be the cause of
acute coronary syndrome [19, 20].

MSCT can display coronary arteries – both lumen and wall – non-inva-
sively with good performance. It has been shown that good results can be
obtained in stable and unstable patients. Plaque visualisation, quantification,
and sometimes characterisation appear feasible in preliminary reports. The
potential role of MSCT coronary angiography in acute coronary syndrome
could be in anticipating and extending the ability to visualise the coronary
tree and, in particular, the coronary wall in those groups of patients with
intermediate probability to develop an acute myocardial infarction and/or
more atypical findings and symptoms. The use of MSCT coronary angiogra-
phy prior to conventional coronary angiography could be of help in identify-
ing subtle lesions causing atypical chest pain or typical chest pain with nor-
mal coronary artery tree. In addition, MSCT coronary angiography could be
used to target sub-groups of patients defined as ‘vulnerable’ in whom the
likelihood of acute coronary syndrome is higher.

Other Applications

Other applications of MSCT are non-invasive evaluation of the supra-aortic
trunks for suspected cerebrovascular diseases: CT for this application is
robust, easy to perform, patient-friendly, and operator-independent. With
the implementation of brain perfusion assessment, it could be applied in the
acute settings. In non-invasive peripheral artery evaluation, too, MSCT can
rely on robustness and ease of application.

Conclusions

MSCT coronary angiography is a promising technique for the non-invasive
visualisation of coronary arteries. Based on the current literature, it is
expected to have a role in the diagnosis of acute coronary syndrome. Its
capability to visualise coronary artery plaques will play a role in the target-
ing of culprit/vulnerable plaques.
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Multislice CT for the Study of Aortic Aneurysms

V. MAGNANO SAN LIO, E.M. DI MAGGIO

Introduction and Technical Principles

In 1988 Siemens Medical Systems introduced the first single-section helical
(spiral) computed tomography (SSCT). In 1992, Elscint introduced a dual-
section helical scanner that is considered to be the first multisection CT. This
technology was improved in 1998 with the advent of quad-section technolo-
gy. This technology was up to four times faster than conventional SSCT. The
next step was to increase the rotation speed to two revolutions per second.
This enabled multi-detector-row CT scanners to operate up to eight times
faster than SSCT. Nowadays the principal equipment manufacturers are able
to produce multi-detector-row CT scanners (MDCT) carrying out 32 or 64
slices per second. These two improvements have combined to increase scan-
ning speed by a factor of 30 or 60 over most conventional SSCT scanners [1].
The benefits of MDCT in comparison with SSCT are evident: (a) the volume
scan can be performed much faster, resulting in improved temporal resolu-
tion (time to cover the entire volume) and consequently in reduced motion
artefacts caused by voluntary and involuntary movement; (b) breath-holding
times are reduced; (c) volume coverage is increased, permitting imaging of
the entire aorta or the aortoiliac arteries and the peripheral vessels of the
lower extremity within one acquisition [2]; and (d) spatial resolution along
the longitudinal axis of the patient (z-axis) is improved, as is guaranteed by
the thinner sections (1 mm). All these factors concur to improve the tempo-
ral, spatial, and contrast resolution of the images and significantly increase
the diagnostic accuracy of the examination. MDCT technique is applied to a
wide spectrum of clinical indications which require long coverage and or
multiphase studies. Another important application of MDCT is the multipla-
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nar reformation (postprocessing) in selected pathology and virtual
endoscopy. Cardiac imaging is currently considered the most technologically
advanced application of MDCT. With modern MDCT it is possible to obtain a
near-isotropic resolution along the z-axis. These significant improvements in
z-axis resolution are obtained on condition that the sections are acquired at a
fine thickness and reconstructed at fine intervals (less than the section). A
true isotropic spatial resolution obtained by MDCT means that we can obtain
a cubic voxel, so that the image has equal resolution in any plane of the
scanned volume. This development has facilitated three-dimensional (3D)
image reconstruction [3]. Shaded surface display (SSD), maximum intensity
projection (MIP), volume rendering (VR), and virtual angioscopy (Fig. 1) are
the most commonly used 3D reconstruction techniques. In vascular imaging,
MIP and VR obtained from MDCT angiography can enable visualisation that
is equal or superior to that obtained with catheter angiography.
Postprocessing can be performed quickly and easily to obtain a two-dimen-
sional MIP image. A 3D effect can be achieved with stepwise rotation of the
object. VR has a high diagnostic accuracy and is the method most often used
for reconstruction of CT angiographic image data. These techniques therefore
are becoming the initial or the only imaging methods used for surgical plan-
ning in emergency vascular conditions. CT angiography, which was limited to
a small volume with SSCT, can be applied extensively to all areas with MDCT.
The two-dimensional multiplanar reconstruction (MPR) images and 3D
image quality are improved with reduced image artefacts.
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Fig. 1. a Stanford type B aorta dissection. Axial scan at the level of aortic arch shows the
intimal flap tear that characterises communicating dissections.b Virtual angioscopy in Stan-
ford type B aorta dissection.Virtual angioscopy shows the true lumen on the left side and
the false lumen on the right, separated by the intimal flap that shows a large tear



Clinical Applications

SSCT has been used for evaluation of the aortic aneurysms since its debut.
This technique provides all row data during a single breathhold, minimising
motion artefacts due to respiratory activity and reducing those due to car-
diac activity. Moreover, all images are obtained during optimal contrast
enhancement. In large prospective studies regarding the evaluation of aortic
dissections, which are considered the most difficult diagnosis within acute
aortic pathology, an overall sensitivity better than 95% has been reported,
with an overall accuracy of 96% [4]. However, SSCT has some limitations: it
cannot cover a large volume in a short time and has a lower longitudinal spa-
tial resolution [5]. This problem is particularly felt in the case of aortic dis-
section in the assessment of the real extent of the dissection (supra-aortic
branches, iliac arteries). These limitations have been overcome with the
introduction of MDCT, which has the capability of rapidly scanning large
longitudinal volume with high z-axis resolution. MDCT angiography can be
performed more efficiently because scanning is done more quickly and vas-
cular contrast enhancement is improved. The diagnostic approach for
patients with suspected thoracic or abdominal aortic aneurysms has
changed substantially in the last few years. Digital subtraction angiography
for the evaluation of the thoracic and abdominal aorta has given way to
sonography, MR angiography, and CT angiography. Both preoperative plan-
ning and postoperative evaluation can be performed with a non-invasive
technique like MDCT.

Thoracic Aortic Dissection

Thoracic aortic dissection (AD) is the most frequent cause of aortic emer-
gency and requires immediate diagnosis and treatment. It may be described
as acute or chronic, depending on the timing of its clinical manifestation. In
addition, dissection is classified according to the extent of involvement of the
thoracic aorta, determined using the Stanford system into type A, involving
the ascending aorta or the aortic arch, or type B, involving the descending
aorta distal to the left subclavian artery. Acute type A dissection should be
repaired immediately, as any delay in diagnosis and treatment can be fatal. In
contrast, type B dissection is normally treated medically, except in the case
of abdominal organ ischaemia, which can require surgery. About one-third of
patients with aortic dissection show signs indicative of systemic involvement
[6]. In this group of patients it is important to evaluate the entire aorta so as
to determine the distal extent of the dissection.

Ischaemic complications related to the main abdominal arterial branches
are best detected with arterial phase imaging.
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SSCT and MDCT permit differentiation between proximal aortic dissec-
tion (type A) and distal aortic dissection (type B) with a sensitivity and
specificity of nearly 100% [4]. Limited to the thoracic aorta, the examination
begins with an unenhanced CT scan, useful for diagnosing intramural
haematoma, displacement of intimal calcifications, or acute haemorrhage.
The intravenous contrast CT scan is performed to include an area from the
supra-aortic branches to iliac arteries. With the new generation of 16-section
MDCT it is possible to cover the entire volume with a collimation of 1 mm,
in a single continuous acquisition and in a single breathhold. A classic diag-
nosis of aortic dissection is based on the detection of an intimal flap in the
thoracic aorta due to displacement of the intima (Fig. 2); however, atypical
dissections caused by intramural haematoma and penetrating atherosclerot-
ic ulcer may manifest similar signs.

The most important diagnostic gain deriving from the clinical introduc-
tion of MDCT is the high quality of MPR (Fig 3). This is particularly true in
the presence of aortic dissection type B, or in extension along the descend-
ing aorta of a type A dissection. In these cases only a high quality, sagittal
oblique reformatted image of the thoracic aorta obtained with a MDCT
scanner can identify the origin of the intimal flap, proximal or distal to the
left subclavian artery (Fig. 4). Batra et al. [7] have described a variety of pit-
falls and artefacts that mimic aortic dissection at SSCT angiography, poten-
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Fig. 2. Stanford type A aortic dissection. MDCT shows the intimal flap in the ascending
aorta



tially leading to confusion with flap dissection. They conclude that CT
angiography of the thoracic aorta remains the imaging technique of choice
for evaluating patients with suspected or known aortic dissection. One of the
causes of artefacts in ascending thoracic aorta is related to the aortic wall
motion. The recent introduction of prospective and retrospective electrocar-
diographically (ECG) assisted imaging, normally used in cardiac imaging,
has been used by Roos et al. [8] to determine the influence of ECG-assisted
MDCT to reduce motion artefact of the ascending aorta. Their results
showed a significant reduction of motion-related artefacts for the entire tho-
racic aorta, especially the ascending portion.
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Fig. 3. Stanford type A aortic dis-
section. MPR shows aneurysm in
the ascending aorta with aortic
dissection. The intimal flap is
proximal to the anonymous
trunk

Fig. 4. Stanford type B aorta dissec-
tion. MPR shows intimal flap
between true and false lumen, involv-
ing the descending aorta distal to the
left subclavian artery



Abdominal Aortic Aneurysm

Aneurysmal dilatation of the infrarenal aorta is defined as a diameter of
more than 29 mm. By this criterion, 9% of all people older than 65 have an
abdominal aortic aneurysm (AAA) [9]. Rupture of an AAA is one of the most
urgent vascular conditions and requires rapid intervention. In autopsy stud-
ies reported by Lederle et al. [10], the 1-year incidence of AAA rupture
according to initial diameter was 9.4% for diameters of 5.5–5.9 cm, 10.2%
for diameters of 6.0–6.9 cm, and 32.5% for diameters of 7.0 cm or more. A
diagnosis of ruptured AAA may be made on the basis of a non-enhanced CT
scan that shows an AAA with adjacent periaortic haemorrhage that extends
into the perirenal and pararenal spaces of the retroperitoneum. Open surgi-
cal repair is increasingly being replaced by endovascular repair, which is
more efficient and has lower associated morbidity and mortality [11]. Lee et
al. [12] found that patient eligibility for endovascular repair depends on the
anatomy of the proximal aneurysm neck. Great effort has been put into the
development of specialised software MDCT for planning endoluminal treat-
ment of AAA. Most of the measurements required for determination of the
optimal dimensions and type of aortic stent-graft are now obtained with
MDCT image reconstruction.

Endovascular Stent-Graft Evaluation and Assessment of Complication

The current standard treatment for AAA is open surgical repair, which is
associated with a low overall risk. The reported mortality rate associated
with elective surgical repair ranges from 1.4% to 6.5% [13]. However, in
high-risk patients with a comorbid medical condition such as severe cardio-
vascular, pulmonary, or renal disease, the risk of death during surgical repair
of AAA is considerably higher (5.7–31%) [14]. In an attempt to reduce risk in
these patients, less invasive methods of repair have been considered.
Treatment of AAA with transfemoral placement of an endovascular stent-
graft is increasingly being used as an alternative to surgical repair [15]. In
1991, Parodi et al. [16] reported the transfemoral placement of non-bifurcat-
ed stent-grafts for treatment of AAA in a series of human patients. Although
conventional arteriography has long been considered the modality of choice
for arterial imaging, there are several reasons why helical CT angiography
may be superior in the assessment of the abdominal arteries. First, the acqui-
sition of volumetric data with helical CT allows clear delineation of the tor-
tuous aorta and branch vessels and of adjacent aneurysms and pseudo-
aneurysms. Second, blood pool imaging with the intravenous administration
of contrast material allows visualisation of true and false luminal flow chan-
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nels, intramural haematomas communicating with the aortic lumen, and
slow perigraft flow around aortic stent-grafts. Finally, the aortic wall and
non-communicating intramural collections can be directly visualised with
CT angiography. These advantages of SSCT with the fast and high quality of
MDCT angiography images today confine conventional angiography to
interventional procedures only. Pre-procedural assessment of endoluminal
stent-graft therapy with MDCT of the length and tortuosity of the proximal
neck of the aneurysm, mural thrombus irregularity, and inferior mesenteric
artery patency may help predict complications such as endoleak, shower
embolism, and colonic ischaemia. Use of high quality MIP images often clar-
ifies the complex anatomy of the tortuous aorta and branch vessels by show-
ing the precise intravascular position and configuration of the stent-graft,
whilst axial source images accurately demonstrate leaks and the patency of
the stent-graft. Various complications may occur after treatment with
endovascular stent-graft, and MDCT is fast, minimally invasive, and is con-
sidered the gold standard procedure for the assessment of such common
(endoleak, graft thrombosis, graft kinking; Fig. 5) and rare complications
(pseudo-aneurysm caused by graft infection, graft occlusion, shower
embolism, perforation of mural thrombus by means of inadvertent penetra-
tion of the delivery system, colon necrosis, aortic dissection, or haematoma
at the arteriotomy site).
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Fig. 5. Aortic aneurysm treat-
ed by stent-graft. Sagittal MIP
image 6 months after therapy
shows severe angulation of
the aortic stent-graft
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MRI in the Diagnosis of Right Ventricular Dysplasia

M. MIDIRI, M. GALIA, T.V. BARTOLOTTA

Introduction

Arrhythmogenic right ventricular dysplasia (ARVD) is a form of cardiomy-
opathy that is characterised clinically by ventricular arrhythmias with left
bundle branch block (LBBB) that may lead to cardiac arrest and morpholog-
ically by fatty or fibrofatty infiltration of the right ventricular myocardium
[1–5]. Although the incidence and prevalence of ARVD are unknown, ARVD
is recognised as a major cause of sudden death in young adolescents; in one
series it accounted for 20% of sudden deaths in all individuals younger than
35 years and 22% of sudden deaths in young athletes [6]. Therefore, an early
and accurate diagnosis followed by appropriate therapy for this condition is
increasingly important, for it may prevent lethal arrhythmias.

Aetiology

ARVD must be considered as a part of the group of idiopathic cardiomy-
opathies, based on its nature of progressive heart muscle disease with
unclear pathogenesis and aetiology. The male-to-female ratio is 2.7:1.0.

Basso et al. [1] addressed the aetiology and pathogenesis and proposed
four hypotheses as possible explanations. The first hypothesis concerns
apoptosis, that is, programmed cell death, which leads to progressive myocar-
dial muscle loss followed by fibrofatty replacement and enhances the electri-
cal vulnerability of the right ventricle, which in turn can cause potentially
life-threatening arrhythmias [7]. According to the dysontogenetic theory,
ARVD should be regarded as a congenital heart disease in which abnormal
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development of the right ventricle may lead to dysplasia. In the degenerative
theory, a metabolic disorder may affect the right ventricle and result in pro-
gressive replacement of myocardial cells by fat and fibrous tissue. In the
inflammatory theory, the fibrofatty replacement is viewed as a healing
process in the context of myocarditis [8].

Several reports suggest that there is a familial occurrence of ARVD of
about 30–50% [2, 9–12], with mainly autosomal dominant inheritance, vari-
able penetrance, and polymorphic phenotypic expression. Several genetic
disorders responsible for ARVD have been identified on chromosome 14
and, recently, on chromosome 3 [9, 11, 12]. The diagnosis of ARVD may have
important consequences for direct relatives, because they have an increased
chance of having the disease, and therefore an increased risk of sudden
death. Gene mapping may open new avenues for cloning the defective gene,
identifying the encoded protein, and potentially instituting gene therapy.
Four loci have been mapped, but none of the genes have been identified yet,
and the findings of polymorphism in ARVD currently preclude gene therapy
[5, 9, 11].

Pathological Features

Two morphological variants of ARVD have been reported: fatty and fibrofat-
ty [6, 13–16]. The fatty form is characterised by almost complete replacement
of the myocardium without thinning of the ventricular wall, and it occurs
exclusively in the right ventricle. The fibrofatty variant is associated with sig-
nificant thinning of the right ventricular wall, and the left ventricular
myocardial wall may also be involved. Other anatomic malformations of the
right ventricle associated with ARVD consist of mild to severe global dilata-
tion of the ventricle, ventricular aneurysms, and segmental hypokinesia. The
sites of involvement of anatomic abnormalities are found in the so-called tri-
angle of dysplasia, namely, the right ventricular subtricuspid areas, the apex,
and the infundibulum [14].

Clinical Characteristics

The clinical manifestations of ARVD may vary widely, but the disorder is
classically characterised by ventricular tachycardia with LBBB, originating
from the right ventricle. ARVD probably represents a spectrum of different
abnormalities rather than a single identity, and ranges from an asympto-
matic form consisting of ventricular ectopic beats to biventricular heart fail-
ure with or without arrhythmias and sudden death in young patients and
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athletes [5, 15]. Furthermore, ARVD is a disease that may have a temporal
progression, and the disease may manifest differently according to the time
of patient presentation.

Prognosis and Therapy

Although the prognosis of ARVD is considerably better than that of sus-
tained ventricular tachycardia with left ventricular heart disease, ARVD is a
progressive disease and will probably lead to right ventricular failure in the
long term unless sudden cardiac death occurs first. The death rate for
patients with ARVD has been estimated at 2.5% per year [17]. The disease
certainly cannot be considered as a benign condition in patients with symp-
toms of syncope, episodes of recurrent ventricular tachycardia, and anatomic
or functional abnormalities of the right ventricle [18].

Fortunately, patients with recurrences of ventricular tachycardia have a
favourable outcome when they are treated medically. The four therapeutic
options in patients with ARVD are antiarrhythmic agents, catheter ablation,
implantable cardioverter defibrillators, and surgery [19]. Pharmacological
treatment is the first choice, the antiarrhythmic agents being sotalol, vera-
pamil, beta-receptor-blocking agents, amiodarone, and flecainide. Catheter
ablation is an alternative in patients who do not respond to drug treatment
and who have localised disease. In addition, catheter ablation has been
shown to improve the effectiveness of pharmacological treatment: 70% of
patients may respond to antiarrhythmic agents to which they were unre-
sponsive prior to ablation therapy [20]. Implantation of cardioverter defibril-
lators is indicated in patients who are intolerant of antiarrhythmic therapy
and who are at serious risk of sudden death. Surgery should be considered
only as a very last resort, and treatment consists initially of ventriculotomy,
followed by total disconnection of the right ventricular free wall. In the case
of progressive or intractable right ventricular failure, cardiac transplantation
may be the ultimate option for treating patients with ARVD. Currently, drug
treatment, ablation, and cardioverter defibrillator therapy are the most suit-
able therapeutic approaches in patients with ARVD.

MR Imaging Assessment

ARVD is being diagnosed with increasing frequency, mostly because MR
imaging allows improved recognition of myocardial fatty and fibrofatty
replacement [13]. Several studies have reported on the use of MR imaging to
detect the characteristic high signal intensity of fat in the right ventricular
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myocardium on T1-weighted images [1, 6, 21–24]. However recent studies
demonstrated that significant fatty infiltration of the right ventricle occurs
in more than 50% of normal hearts in elderly people [25, 26]. Mehta et al.
[27] found signs of fatty replacement in only 22% of 27 patients with ventric-
ular tachycardia with LBBB (as diagnosed with endomyocardial biopsy).
Menghetti et al. [21] reported a sensitivity and specificity of 67% and 100%,
respectively, with the use of spin echo MR imaging. Basso et al. [1], however,
found that among nine patients with the pathological diagnosis of ARVD
(based on gross or histological evidence of regional or diffuse transmural
fatty or fibrofatty replacement), MR imaging revealed abnormally high sig-
nal intensity in all cases [1]. Although these findings indicate that the pres-
ence of some fat in the right ventricular myocardium may not be specific
enough for the diagnosis of ARVD, the presence of transmural fatty replace-
ment or diffuse thinning of the right ventricular myocardium as demonstrat-
ed with MR imaging should be considered in the overall clinical context to
be a major criterion for the diagnosis of ARVD.

Several studies examined the value of using MR imaging in patients for
whom the first manifestation of right ventricular disease was right ventricu-
lar outflow tract tachycardia [28–34]. Carlson et al. [30] showed that right
ventricular outflow tract tachycardia was associated with local structural
and wall motion abnormalities of the right ventricular outflow tract, and
that the structural abnormalities observed with MR imaging were often not
detected with echocardiography. Proclemer et al. [34] investigated 19
patients who had frequent ventricular extrasystoles (100/h) with LBBB pat-
tern (minor criterion). In all 19 patients, results from two-dimensional
echocardiography were normal; however, MR imaging showed significantly
greater dimensions of the right ventricular outflow tract than those seen in
the control group of 10 volunteers. The similarity of these findings to those
previously obtained in patients with right ventricular tachycardia suggests a
similar underlying mechanism of the right ventricular outflow tract arrhyth-
mias.

MR imaging can also be used to assess both systolic and diastolic func-
tion in great detail. Several studies have addressed the presence of right ven-
tricular diastolic dysfunction as an early marker of disease, even when sys-
tolic function is still preserved [35]. In a previous study, we showed that
diastolic function of the right ventricle was significantly altered in 15
patients with non-ischaemic tachyarrhythmias of right ventricular origin,
even though systolic function was normal [31]. Of the 15 patients in that
study, 5 (33%) had a clinical diagnosis of ARVD, indicating that ARVD may
be associated with diastolic function abnormalities preceding systolic func-
tion abnormalities. Therefore, it could be suggested that diastolic dysfunc-
tion might be considered as an additional feature or criterion of ARVD. The
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typical criteria that can be demonstrated with MR imaging are (a) fatty infil-
tration of the right ventricular myocardium with high signal intensity on T1-
weighted images (major criterion); (b) fibrofatty replacement, which leads to
diffuse thinning of the right ventricular myocardium (major criterion); (c)
aneurysms of the right ventricle and right ventricular outflow tract (major
criterion); (d) dilatation of the right ventricle and right ventricular outflow
tract (when severe, major criterion; when mild, minor criterion); (e) regional
contraction abnormalities (minor criterion); and (f) global systolic dysfunc-
tion (major criterion) and global diastolic dysfunction (minor criterion).

In summary, MR imaging is useful for evaluating not only fatty replace-
ment of the right ventricular myocardium, but also global and regional func-
tional abnormalities of the right ventricle and right ventricular outflow
tract. The demonstration of right ventricular abnormalities should be con-
sidered in the overall clinical context.

MR Imaging Protocol

For all examinations, a phased array cardiac synergy coil with five elements
has to be used. For the evaluation of right ventricular anatomy, we perform a
multisection inversion-recovery (‘black blood’) segmented turbo spin echo
pulse sequence to obtain images with section thicknesses of 4 mm or less in
transverse and sagittal planes. ‘Black blood’ in MR images can be achieved by
using a non-selective 180° pulse to invert all spins. This inversion pulse is
directly followed by a selective 180° pulse, which resets the signal of the sec-
tion under investigation. This technique causes the blood with inverted sig-
nal to flow into the selected section. After a delay (inversion time), the blood
signal is nulled (inversion time depends on heart rate) and the imaging pulse
sequence (e.g. a fast spin echo during patient breath-hold) is started [36, 37].
For the evaluation of right ventricular global and regional systolic function,
we use a multisection, multiphase, balanced fast-field-echo pulse sequence
[38] to obtain images with section thicknesses of 8–9 mm in the transverse
plane. Balanced fast-field-echo pulse sequences belong to the group of
‘steady state free precession’ sequences and are characterised by the applica-
tion of time-balanced gradients for all gradient directions: section selection,
frequency readout, and phase encoding. Together with the alternating phase
of the excitation pulse, this technique ensures that both signals (free induc-
tion decay and echo) are obtained. The sequence produces a very high signal
for tissues with a high T2:T1 ratio, independent of the repetition time. The
balanced gradients contribute to a low sensitivity for flow disturbances.
Because the field homogeneity is very important, balanced fast field echo
requires the use of shimming before each study. For the evaluation of right
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ventricular diastolic function, MR velocity mapping is performed to measure
flow across the tricuspid valve [39]. The number of time frames used to sam-
ple the cardiac cycle is set to 30, resulting in a temporal resolution of less
than 30 ms per cardiac frame. Peak velocity is set at 100 cm/s to avoid alias-
ing. Flow measurements are performed in double oblique planes, identified
from a coronal spin echo image and a transverse gradient echo image. End-
diastolic and end-systolic positions of the tricuspid valve are determined,
and the imaging plane is selected between these positions perpendicular to
transtricuspid flow direction.

Summary

ARVD is part of the group of cardiomyopathies characterised pathologically
by fibrofatty replacement of the right ventricular myocardium and clinically
by right ventricular arrhythmias of the LBBB pattern. Pathogenesis, preva-
lence, and aetiology are yet not fully known. The diagnosis of ARVD is based
on the presence of structural, histological, electrocardiographic, and genetic
factors. Therapeutic options include antiarrhythmic medication, catheter
ablation, implantable cardioverter defibrillation, and surgery. Angiography
and echocardiography lack sensitivity and specificity in the diagnosis of
ARVD. MR imaging allows a three-dimensional evaluation of especially the
right ventricle, and provides the most important anatomical, functional, and
morphological criteria for diagnosis of ARVD within one single study.
Although demonstration of morphological/functional abnormalities of the
right ventricle, especially fat in the right ventricular myocardium, shows
high specificity but low sensitivity, MR imaging appears to be the optimal
imaging technique for detection and follow-up of clinically suspected ARVD.
Positive MR imaging findings, based on the criteria of McKenna et al. [16],
should be used as important additional criteria in the clinical diagnosis of
ARVD, although negative MR imaging findings do not rule out ARVD.
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