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Preface

This book contains the Proceedings of the “5t International Workshop on
Cardiac Arrhythmias” held in Venice on October 7-10, 1997. They represent an
update on the most recent advances in the diagnosis, prognosis and treatment of
cardiac arrhythmias; the contributions, made by numerous well-known world
leaders in the field of clinical electrophysiology and arrhythmology, cover an
array of timely topics including fibrillation and other supraventricular tach-
yarrhythmias, diagnosis and management of ventricular arrhythmias; risk strati-
fication and prevention of sudden death in post-myocardial infarction patients:
technological advances, clinical issues and new indications of ICD therapy,
update on syncope and progress in clinical pacing.

I would like to express my sincere and profound gratitude to all the Authors that
with enthusiasm and devotion have allowed the realization of this book. Without
their effort and excellent job this volume would not have been possible.

A special word of thanks also to the Publisher, Springer-Verlag, that with great
expertise and care has followed the production process of the book.

Finally, my deepest appreciation goes to Prof. Eligio Piccolo for his example and
continuous encouragement, to my present colleagues, in particular Dr. De Piccoli,
Di Pede, Rigo, Bonso, Zuin and Gasparini, for their unvaluable help in preparing
and realizing the workshop and to my wife and children for their patience, per-
sonal sacrifice and support.

Antonio Raviele
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ATRIAL FIBRILLATION:
MECHANISMS AND CLINICAL ASPECTS



What Are the Electrophysiological Mechanisms of Perpetuation
of Atrial Fibrillation?

M.A. ALLESSIE, E.J. CHORRO, M.C.E.F. WIJFFELS, F. MAST AND R. DORLAND

Introduction

Atrial fibrillation (AF) is the most common arrhythmia in man, its incidence
greatly increases with age resulting in a prevalence of more than 2% in the popu-
lation over 60 years of age [1-3]. It therefore represents an important medical
problem with a considerable impact on morbidity and quality of life, especially
in the elderly. Because of thrombus formation in the left atrium and the associat-
ed risk of cerebrovascular accidents, although it is not immediately life threaten-
ing, on the long term the arrhythmia also carries a considerable mortality.

Atrial fibrillation often starts in the form of paroxysmal AF, but after some
time its propensity for self-termination gradually diminishes until after a vari-
able period of time the arrhythmia becomes persistent [1, 4]. Although some of
the electrophysiological mechanisms of atrial fibrillation have been elucidated,
little is yet known about the mechanisms involved in termination of AF. And still,
from a medical point of view this is the most important aspect of the arrhythmia,
since if one were certain that AF would always cardiovert within a couple of
hours, the arrhythmia would not require any treatment unless the paroxysms
occurred very frequently. In this chapter we will discuss the possible mechanisms
involved in perpetuation and termination of AR

Muitiple Wavelet Theory

On the basis of animal experiments and computer simulations, in 1964 Moe pro-
posed that atrial fibrillation is based on multiple wavelets propagating randomly
through the atria [5, 6]. Later, mapping studies both in animals and in humans
have supported this hypothesis [7-11]. When atrial fibrillation is maintained by
multiple wandering wavelets, termination of AF is dependent on the statistical
chance that all wavelets will die out simultaneously. If the average number of
wavelets is small, the chance that this will happen is high and atrial fibrillation
will self-terminate within a short time. On the other hand, if there are many

Department of Physiology, Cardiovascular Research Institute Maastricht, Maastricht
University, The Netherlands
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wavelets present, the chance that they will all die out at the same time might
become so small that atrial fibrillation is persistent. Direct proof that perpetua-
tion of AF is dependent on multiple wavelets has been provided by the successful
development of a surgical treatment of atrial fibrillation by Cox et al. in 1991 [8].
With the goal of obliterating the substrate for multiple reentering wavelets, they
divided the total surface of the atria into various smaller segments by multiple
linear incisions both in the right and the left atrium. By this procedure the nor-
mal anatomy of the atria was transformed into a maze of narrow pathways, which
still allowed conduction of the electrical impulse from the sinus node to the AV
node, but no longer provided the substrate for enough wavelets to perpetuate
atrial fibrillation.

For reentry to occur without the involvement of a gross anatomically pre-
formed pathway (leading circle reentry [12], figure of eight reentry [13], spiral
wave [14], random reentry [10]), a critical tissue mass is required [15]. In this
respect we earlier emphasized the importance of the wavelength (wavelength =
refractory period x conduction velocity) [16, 17]. If the wavelength is short, the
minimal size of a functionally determined circuit will be small and the required
tissue mass for reentry can also be small. On the other hand, if the wavelength is
long, the minimal dimensions of a functional circuit are larger and reentry can
only perpetuate in a relatively large piece of myocardium. In a given heart of a
certain size which is fibrillating, prolongation of the wavelength would decrease
the number of randomly reentering wavelets and might thus lead to termination
of AF [17]. This concept was recently supported by a number of studies by Nattel
at al. [18, 19]. They showed that at high pacing rates, both class I and class III
drugs prolonged the atrial wavelength and that termination of AF was associated
with a decrease in the number of multiple wavelets. On the other hand, Swiryn’s
group [20] failed to find evidence for progressive fusion of wavelets prior to ter-
mination of AF in humans, and they concluded that “atrial fibrillation usually ter-
minates directly to sinus rhythm and does so abruptly and without forewarning”
and in addition, that before termination of AF “consistent trends toward more
regular cycle lengths, alternating long and short cycle lengths, or progressively
longer cycle lengths were not observed” [20].

Termination of AF in the Goat

Recently we have developed a chronically instrumented goat model of atrial fib-
rillation in which we have studied some of the electrophysiological mechanisms
of spontaneous termination of atrial fibrillation [21]. Twelve goats were chroni-
cally instrumented with 27 epicardial electrodes, sutured to the left and right atri-
al free wall, the right and left atrial appendages, and the bundle of Bachmann. AF
was chronically maintained by a fibrillation pacemaker which automatically
delivered a 1 second 50 Hz burst electrical stimulus as soon as atrial fibrillation
had cardioverted to sinus rhythm. While during control electrically induced AF
usually terminated readily within a few seconds, after a couple of days of main-
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tained AF the paroxysms became more stable and lasted for several minutes.
After 1-3 weeks of maintained AF atrial fibrillation had become sustained (> 24
hours) [21].

Electrograms were analyzed recorded from 5 different areas 12 seconds
before the spontaneous termination of AF. The following parameters were mea-
sured on a beat-to-beat basis: (1) local fibrillation intervals, (2) local conduction
times, and (3) local conduction velocities. Local activation times were deter-
mined from the steepest negative deflection of the unipolar electrograms.
Fibrillation interval histograms were made from one electrode at each of the five
areas. Conduction times were measured between two neighboring electrodes
(interelectrode distance 6 mm). The regional direction and velocity of propaga-
tion was measured by calculating the vector of conduction in quadruples of elec-
trodes 6 mm apart. The quadruples were divided into two triangles and the vec-
tor of each triangle was calculated. The average of the two vectors was taken as
the average direction and velocity of the fibrillation wavelet in the area of 6 x 6
mm. Only velocities in the range between 10 and 180 cm/s were taken into
account. Very low and very high values were discarded because they resulted
from local intra-atrial conduction block and collision or epicardial breakthrough
of fibrillation waves respectively.

In Fig. 1 an example is given of an atrial electrogram recorded during the last
seconds of atrial fibrillation. As it can be seen the electrogram showed clear beat-
to-beat variations in configuration, but most of the time consisted of single nega-
tive deflections separated by short isoelectric segments, indicating that the atria

Fig. 1. Unipolar electrogram recorded from the left atrial free wall showing slowing of the
rate of fibrillation prior to conversion to sinus rhythm. The individual fibrillation cycles
are given in milliseconds
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were still relatively uniformly activated by broad activation waves (Type I fibrilla-
tion) [10, 11, 12]. Because at this stage fragmented electrograms occurred only
rarely, local activation times could be derived without too much uncertainty from
the fibrillation electrograms. In this example, up to the last 7 beats prior to termi-
nation, AF showed the usual temporal variation in fibrillation intervals with a
median value of 99 ms and a p5-95 of 14 ms. However, about 1 second before con-
version to sinus rhythm this patterm suddenly changed and the atrial fibrillation
intervals lengthened progressively to more than 130 ms. In Fig. 2 the mean fibril-
lation intervals are plotted recorded at 5 atrial sites during the last 17 cycles of a
paroxysm of AF in 9 goats. In the whole series, the 14th interval prior to sponta-
neous conversion to sinus rhythm was the first AF cycle to be statistically pro-
longed. The average AF cycle length during the last three beats of AF were 148 +
10,153 * 6, and 165 *+ 7 ms (S.E.M.) compared to 113 + 2 ms during ongoing AF
(one hundred cycles prior to termination) (p < 0.001).

The progressive deceleration in the rate of atrial fibrillation prior to termina-
tion was associated with an increase in conduction velocity of the fibrillation
waves.

During stable fibrillation the average conduction velocity was 68 + 8 cm/s.
About 3 seconds before termination of AF the average conduction velocity of the
fibrillation waves started to increase resulting in a conduction velocity of 97 + 20,
101 + 17 and 99 * 10 cm/s during the last three beats of AF (p < 0.001).

The maximal number of reentering fibrillation waves during atrial fibrillation

Fig. 2. Progressive prolongation of AF cycle length before spontaneous termination of atrial
fibrillation in 9 goats. The mean atrial cycle length during AF (100 cycles before termination)
is plotted together with the last 17 cycles before termination. During the last 14 beats of AF
the cycle length progressively prolonged from 113 + 2 to 165 + 7 ms. * p < 0.05; ** p < 0.0;
o p < 0.001



What Are the Electrophysiological Mechanisms of Perpetuation of Atrial Fibrillation? 7

is determined by the size of the atria and the length of the intra-atrial circuits. On
the basis of the measured local conduction velocities and fibrillation cycle
lengths, the average length of the reentrant pathways during AF was estimated as:

Circuit Sizeavg = Conduction Velocityavg * AF Cycle Lengthayg

In the series of experiments given above, in their stable phase the fibrillation
waves had a mean cycle length of 113 ms and an average conduction velocity of
68 cm/s. Thus, on an average, during one AF cycle the fibrillation waves propagat-
ed over a distance of 7.7 cm. Simplifying the complicated pathways of excitation
during AF to simple circular-shaped circuits, during ongoing AF the average
diameter of the fibrillation circuits were in the order of 20-30 mm.

In contrast, during the last three cycles before termination of AF the calculat-
ed length of the reentrant pathways had increased markedly to 15 + 5,15 + 3, and
16 + 2 cm respectively. This was due both to a prolongation of AF cycle length
and an increase in conduction velocity. Assuming that no specific areas of slow
conduction are involved in the intra-atrial circuits, the last reentrant pathway of
AF must have had a diameter of more than 50 mm.

The observation that termination of AF was associated both with an increase
in cycle length and conduction velocity of the fibrillation waves, suggests that
conversion of AF was not primarily due to an increase in wavelength but to a pro-
gressive widening of the excitable gap which has been shown to exist during AF
[9, 23, 24]. There are several possible mechanisms of widening of the excitable
gap during AF, depending on the type of reentry involved. One possibility is that
widening of the excitable gap is the result of an increase in size of the reentrant
pathway. This may happen if smaller functionally determined circuits are inter-
rupted, either by chance or under the influence of a drug, and are replaced by
larger waves traveling around one or more of the atrial anatomical obstacles.

Mechanisms of Termination of AF

Although the successful abolishment of AF in patients by the maze operation [8]
shows that AF will not perpetuate without a substrate for multiple wavelets, this
of course does not mean that there are no other ways to terminate AF. Although
the number of wavelets can be diminished by antifibrillatory drugs, it is far from
clear whether multiple wavelets are the only mechanism for perpetuation of AF.
On the contrary, we consider it quite feasible that during long-lasting AF addi-
tional electrophysiological mechanisms are operating. If termination of AF would
solely depended on the statistical chance that the multiple wavelets die out simul-
taneously, atrial fibrillation would still terminate sooner or later. Mapping studies
in canine and human hearts have shown that the number of wavelets during AF is
certainly not extremely high and that on an average about 5-6 wavelets exist dur-
ing AF [7,8,10,11, 18, 19]. If one assumes an average of 5 independent waves with
an individual life time of 10 cycles, the statistical chance that all wavelets will die
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out during the same AF cycle is 1:100000 cycles. Thus, with a rate of 420 per
minute, atrial fibrillation can be expected to self-terminate every 238 minutes. Or,
in other words, AF based on multiple wavelets alone would not be persistent and
sinus rhythm would resume after an average fibrillation time of 4 hours.

In Table 1 we have calculated the required life time of the multiple wavelets to
sustain atrial fibrillation for a period varying between 1 minute and 10 years. The
number of wavelets was assumed to be between 1 and 10. The life time of each
wavelet is expressed as the number of fibrillation cycles it propagates through the
atria. The assumed fibrillation rate was 420 cycles per minute.

From Table 1 it can be seen that if on an average 5 wavelets are present, the
required lifetime of each wavelet to sustain AF for 1 day, 1 month, 1 year, or 10 years
would be 14, 28, 46, and 73 cycles respectively. Although it is difficult to measure the
exact lifetime of each fibrillation wave, mapping data of atrial fibrillation suggest
that the lifetime of each wavelet is not very long. Therefore, the possibility should be
considered that additional mechanisms are operative in patients with chronic AR

Possible Additional Mechanisms for Perpetuation of AF

What other mechanisms than the multiple circulating wavelets could be involved in

preventing AF from cardioverting spontaneously? There are several possibilities.

1) Apart from the unstable functionally determined reentrant wavelets also a
more stable circuit can be present in the atria. In such a situation, when the
multiple wavelets die out, the atria do not convert to sinus rhythm, but
instead the impulse continues to circulate in this stable circuit. Indeed, in
patients with AF frequent transitions between “true” AF and a more flutter-
like pattern are observed. Gordon Moe designated this phenomenon with the
term “atrial flitter” to indicate his belief that it was a mixture of flutter and
fibrillation. But even if there are no clear episodes of flutter, the availability of
an anatomically determined circuit may play an important role in perpetua-
tion of AF by preventing the last fibrillation wave to die out. If the multiple
wavelets during AF are both functionally and anatomically determined, at the
moment the more unstable functional wavelets die out, at least one wave may
still propagate in (the isthmus of) an anatomically determined circuit (either
micro- or macroreentrant). As soon as this remaining wave exits from its cir-
cuit it will find the atria highly vulnerable to fibrillation because the different
parts of the myocardium are still in a different state of excitability. Therefore
the early excitation of the atria by the wave exiting from its anatomical cir-
cuit will act as an early premature beat that will immediately reinitiate the
multiple wavelets and in that way prevent termination of AF. Such an event
will remain unwitnessed apart from the occasional occorrence of a long fib-
rillation cycle.

2) Similarly, after the multiple atrial wavelets have died out, AF might be imme-
diately reinitiated by an echo wave originating from the sinus node or the AV
node, or in WPW patients from the accessory pathway.
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3) Another possibility why atrial fibrillation becomes persistent is that besides
reentry, a form of abnormal impulse formation is also present in the atria.
Recently we have shown that prolonged episodes of fibrillation trigger a
process of electrical remodeling that changes the expression of ionic channels
in the myocardium {21]. It therefore is not unlikely that some of the ionic
mechanisms involved in early and late afterdepolarizations, triggered activity
or abnormal automaticity might also be induced by atrial fibrillation. In other
words, the substrate of permanent AF might not only consist of a substrate for
reentry, but might also contain the trigger to automatically restart the
arrhythmia as soon as it terminates spontaneously or is artificially cardiovert-
ed. This intriguing possibility has been recently supported by the finding of
Haissaguerre’s group that, in a selected group of patients with AF, abnormal
electrical activity was recorded from within the superior pulmonary veins.
Focal endocardial ablation of these sites cured atrial fibrillation [25].

In general, we would like to propose that in patients with persistent or perma-
nent atrial fibrillation additional mechanisms besides multiple wavelets play a
role in maintaining AF. These additional mechanisms can be based on pathologi-
cal micro- or macroreentrant pathways or on the presence of abnormal impulse
formation in some parts of the atria, thus providing a “back-up” to restart atrial
fibrillation immediately in case it might terminate.
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Vagal Tone: How Important Is It in Triggering Atrial Fibrillation?

A. Caruccl, G.Q. VILLANL D. ASCHIERI AND A. ROSI

Introduction

The parasympathetic nervous system modulates the electrophysiological proper-
ties of most structures involved in normal cardiac function and in experimental
and human arrhythmias. However in vivo it is actually difficult to evaluate the
pure vagal effect since sympatho-vagal interactions are specifically involved in
modulating the electrophysiological parameters. The not universally accepted
concept of dividing the atrial fibrillation episodes in vagal and sympathetic
induced ones is mainly based on anecdotal cases and on clinical preselected
models.

Anatomy and Physiology

The efferent pathways responsible for cardiac parasympathetic control are
derived primarily from the ventro-lateral region of the nucleus ambiguous, the
dorsal vagal nucleus and the intermediate zone between nuclei. The preganglion-
ic cardiac vagal fibers are connected to ganglia adjacent to the pulmonary veins,
inferior vena cava - inferior left atrial junction and A-V groove. The vagal fibers
cross the A-V groove and are located in sub-endocardial regions [1]. Experimen-
tal studies have established that at least two types of receptors are found in the
heart that are carried by vagal afferent fibers [2].

Acetylcholine is the neurotransmitter that is crucial to the functioning of the
preganglionic and postsynaptic neurons; its cardiac action is mediated by inter-
action with one of the several subtypes of muscarinic receptors [3].

Electrophysiology

The parasympathetic system influences the heart electrophysiology by modulat-
ing several cardiac ionic channels:
1. The dromotropic effect of vagal stimulation on the sinus node and the A-V
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node is mediated by influences on Kacn channels. Its activation results in cell

hyperpolarization with a short delay cardiac effect [4]

2. Acetylcholine inhibits the inward current (If) that in sinus node cells is acti-

vated by hyperpolarization and tends to depolarize these cells [5]

3. Acetylcholine inhibits the voltage and time-dependent calcium current. This

effect is mediated by inhibition of cAMP synthesis [6].

The vagal stimulation shortens the atrial refractory period and increases the dis-
persion of the atrial refractoriness in experimental models [7, 8]. This effect is
more evident if combined with additional modifiers of refractoriness such as
hypothermia [9].

Nevertheless the action of the parasympathetic system may be attenuated or
facilitated by the sympathetic system. Vago-sympathetic interaction is the conse-
quence of the anatomic proximity of the nerve terminals of the two systems [10].
The final effect is a result of the non-uniform anatomic distribution of nerve end-
ings and the temporal heterogeneity of nervous stimulation. Consistent data sug-
gest that atrial vulnerability to vagal stimulation depends on the shortening of
the wavelength [9], while micro re-entry, automatic and triggered activity are
more likely to occur as a consequence of sympathetic stimulation [11].

Atrial Fibrillation in Experimental Studies

Several investigators have noted that in experimental models vagal stimulation
(administration of acetylcholine or methylcholine, direct vagal stimulation) may
induce sustained atrial fibrillation [12, 13]; this effect is related to the activation of
acetylcholine K+ channels or to the inactivation of cAMP calcium channels.
Different electrophysiological effects are involved in the mechanism of atrial fib-
rillation induction: a shortening of atrial myocardial refractory period with dis-
persion of refractoriness, a production of intra-atrial conduction delays and the
accompanying bradycardia favor the formation of re-entrant circuit. Furthermore,
the negative inotropic effect of cholinergic stimulation leads to atrial distension
that may alter cellular electrophysiological properties and predispose to arrhyth-
mia [14].

However, the membrane effect of acetylcholine is dependent on the underly-
ing electrophysiological conditions. The muscarinic agonist plays a protective
action against the profibrillatory effect of isoprenaline or glucagon but has no
effects against dibutyril-cyclic AMP, ouabain or electrical stimulation [15].

Atrial Fibrillation in Human Observations

Coumel et al. first described a syndrome of recurrent paroxysmal atrial fibrilla-
tion which was very homogeneous from the clinical and ECG point of view [16].
The condition developed slowly over a period of years towards a maximum inci-
dence of several short daily attacks of an arrhythmia which alternated between
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atrial fibrillation and atrial flutter which were usually not completely nocturnal.

Vagal overactivity was considered the precipitating cause of these attacks on the

basis of the onset pattern of arrhythmia. The beginning of each attack was

accompanied by a progressive slowing of the sinus rate down to threshold level.

The following observations allowed the authors to characterize the pattern of

atrial fibrillation of vagal origin (Table 1):

- Absence of underlying heart disease (lone atrial fibrillation);

- Predominance of young men over women (ratio 4:1);

- Attacks starting at night, during rest or after meals;

- Arrhythmia preceded by progressive sinus rate bradycardia with further slow-
ing before the atrial fibrillation onset;

- Frequent mixed picture of atrial fibrillation and flutter;

- Presence of the sensation of incoming arrhythmia (atrial premature beats);

- Atrial fibrillation may be prevented by exercise.
In these patients vagal maneuvers or administration of vagotonic drugs may
artificially trigger the arrhythmia and this effect can be prevented by atrial pac-
ing at a relatively rapid rate. Furthermore, anecdotal experiences suggested the
beneficial effects of anticholinergic antiarrhytmic drugs (disopyramide, quini-
dine, flecainide) and the clinical worsening with digitalis treatment (subsequent
to its vagotonic electrophysiological effect).

Table 1. Clinical differences between vagally mediated and adrenergically mediated atrial
fibrillation (AF)

Vagally mediated atrial fibrillation Adrenergically mediated atrial fibrillation

+ Male predominance, age 30-40 + No sex or age predominance

«  Absence of structural heart disease + Any cardiovascular disease

+  Attacks at night, never in the morning, « Attacks occurring in daytime, favored
favored by rest, alcohol, digestion by stress, exercise

+  Preceded by HR decrease and/or + Preceded by HR acceleration and/or
increase of high frequency HRV increase in low frequency HRV

+  Mizxed picture of atrial flutter/AF + Mixed picture of atrial tachycardia/AF

+ Vagal maneuvers may induce AF + Catecholamines may induce AF

+  [B-blockers/digoxin contraindicate + PB-blockers * digoxin: indicated * type
type IA/IC (except propafenone) IA/IC drugs (propafenone) +
and/or amiodarone amiodarone

+  Atrial pacing may be useful + No indication for atrial pacing

Murgatroy et al. {17] proposed an “Autonomic Profile Questionnaire” in order
to evaluate the frequency of the vagal and sympathetic pattern amongst the pop-
ulation of atrial fibrillation patients, based on the agreement between arrhyth-
mic symptoms and various activities (Table 2). When the questionnaire was pro-
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Table 2. The autonomic profile questionnaire proposed by Murgatroy and Camm [17]

My attacks tend to start...“ Score (unweighted)* Score (weighted)*

... shortly after waking A 2A

... after meals A A

... after alcohol A A

... after tea or coffee A A

... during exercise A 2A

... after exercise \' A

... with twisting of the \ \'
neck/shoulders

... resting or going to sleep A AY

... during sleep \' AY

... with emotional stress A+V A+V

Never = 0 points; Rarely = 1 point; Sometimes = 2 points; Often = 3 points; Usually = 4
points.

*A: points count toward adrenergic score; V: points count towards vagotonic score; 2A:
points are doubled before counting toward adrenergic score; 2V: points are doubled before
counting toward vagotonic score.

posed to 38 patients, it appeared that symptoms were commonly associated with
factors causing increase in vagal rather sympathetic tone, suggestive of a greater
importance of vagal modulation as the arrhythmic trigger.

Nevertheless a direct correlation between clinical observations and vagal
activity is still a matter of debate and has to be proved.

An autonomic imbalance might also play a role in atrial fibrillation occurring
after cardiac surgery. Indeed, epidemiological studies reported that this arrhyth-
mia complicates up to 40% of cardiac surgical procedures [18]. Recently Frost et
al. investigated the impact of preoperative autonomic balance and atrial ectopic
activity on the risk of atrial fibrillation after aorto-coronary artery by-pass
surgery, analyzing the heart rate variability by 24-h Holter monitoring. A reduced
cardiac vagal modulation (lower day-night difference in the mean RR level) was
considered a stronger predictor of arrhythmia occurrence (relative risk 4.50, con-
fidence index 1.40-14.5) [19].

Camm et al. performed baroreflex testing in 28 patients with “vagal” paroxys-
mal atrial fibrillation using the phenylephrine bolus method. No relationship was
found between vagal score and baroreflex sensitivity, leading to speculation that
in these cases the abnormality must reside in the response of the atrium itself
rather than in the autonomic system [17].
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Recently we evaluated in 35 patients with lone paroxysmal atrial fibrillation
the sympatho-vagal balance response to tilt-test and the electrophysiologic sub-
strate by P-Triggered Signal Averaged ECG. A blunted response to tilt-test was
demonstrated in atrial fibrillation patients. This result was mainly due to the
presence of a subgroup of arrhythmic patients with lower HF%, which is an index
of sympathetic prevalence [20].

Capucci et al. studied 15 consecutive patients with prevalent nocturnal atrial
fibrillation episodes and without any detectable organic heart disease, perform-
ing a sleep monitoring by simultaneous recording of electroencephalogram, elec-
trooculogram, systemic arterial pressure, ear oxymetry and continous ECG
recording by Holter system. The highest probability of atrial fibrillation onset was
in sleep phases 1-2 and not in phases 3-4 where there is a prevalent vagal tone. In
addition, the HRV analysis of the 2 minutes before atrial fibrillation onset point-
ed out both a prevalent vagal and sympathetic tone, probably reflecting a sympa-
tho-vagal imbalance [21].

In conclusion, although the vagal influence has been found to be able to trig-
ger atrial fibrillation in an experimental setting, there is no strong scientific proof
of the same effect in humans. Observation of atrial fibrillation onset during sleep
and with the HRV evaluation does not support the idea of a pure vagal activation
even in this condition. We think that the existence of a vagal pattern of atrial fib-
rillation in humans is still to be proven and therefore any classification of sympa-
thetic and vagal atrial fibrillation merely based on clinical parameters does not
have any scientific value.
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Tachycardia Induced Atrial Fibrillation: What Incidence? How to
Diagnose and Treat It?

P. DELISE, L. CORO, P. SCIPIONE AND M. FANTINEL

Atrial fibrillation is the most common supraventricular arrhythmia in the clini-
cal setting. Some patients present both atrial fibrillation and other supraventric-
ular tachycardias such as focal atrial tachycardia, common and uncommon atrial
flutter, atrioventricular reentrant tachycardia related to an overt or a concealed
Kent bundle, or atrioventricular nodal reentrant tachycardia. E.N. Prystowsky [1]
suggested that all the above mentioned forms of paroxysmal supraventricular
tachycardia can trigger atrial fibrillation, a phenomenon he referred to as “tachy-
cardia-induced tachycardia”. Potential factors affecting conversion of sustained
atrial and nonatrial tachycardias to atrial fibrillation include tachycardia cycle
length [2, 3], particular electrophysiological characteristics of the triggering
arrhythmia [1] and contraction-excitation feed-back [4]. As to the latter phe-
nomenon, it has been demonstrated that after the onset of some supraventricular
tachycardias, a sudden dilatation of the atria can occur [1]. Subsequently, as
changes in mechanical stress can alter cardiac membrane potential (contraction-
excitation feedback), it is possible that sudden dilatation of the atria affects car-
diac membrane potential and leads to atrial fibrillation.

The diagnosis of tachycardia-induced tachycardia is not always easy because
the triggering arrhythmia is not always recorded by electrocardiogram. Regard-
ing treatment, it has been recently suggested that in some patients the elimination
of the triggering arrhythmia by surgery or by radiofrequency catheter ablation is
able to prevent also atrial fibrillation [2, 3, 6-9]. The possible triggers of atrial fib-
rillation and the usefulness of their treatment will be analyzed separately.

Focal Atrial Tachycardia

A rapid atrial tachycardia may be responsible for sustaining atrial fibrillation in
patients with paroxysmal and chronic atrial fibrillation, and the elimination of
atrial tachycardia can restore sinus rhythm [6]. The incidence of this condition is
unknown but probably quite rare. The diagnosis can be reached only through
electrophysiologic studies and detailed biatrial mapping. The ablation of atrial
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tachycardia may require a transatrial puncture if atrial tachycardia is localized in
the left atrium.

Common Atrial Flutter

Patients with common atrial flutter frequently also present with atrial fibrillation.
The exact incidence of this association, however, is not well established.
Radiofrequency ablation of the isthmus between the inferior vena cava orifice
and the tricuspid annulus, or between the coronary sinus ostium and the tricus-
pid annulus is able to prevent atrial flutter in about 80%-90% of cases [10,11]. A
major problem is represented by the recurrence of atrial flutter which is de-
scribed in about 10%-30% of cases. About 10% of patients who have only atrial
flutter before ablation, can present with not previously documented episodes of
atrial fibrillation after ablation, despite the elimination of atrial flutter. In these
cases it is not clear whether the lesion produced by ablation may have facilitated
the occurrence of atrial fibrillation or if atrial fibrillation is simply a concomitant
arrhythmic event related to the underlying atrial disease.

A controversial issue is the usefulness of ablation of the atrial isthmus (be-
tween the tricuspid annulus and the orifice of inferior vena cava and/or between
the former and the os of the coronary sinus) in patients who present with both
atrial flutter and atrial fibrillation in the basal state. In our experience [12] in
these cases the ablation of the cited isthmus is able to prevent atrial flutter but not
atrial fibrillation. In fact among 24 patients with atrial flutter-treated by radiofre-
quency ablation, 9 (37%) had both atrial flutter and atrial fibrillation (Group I)
while the remaining 15 (63%) had only documented atrial flutter. Radiofrequency
ablation eliminated atrial flutter during a follow-up of 14+/-12 months in 78%
and 73% of patients in the two groups, respectively. However atrial fibrillation
recurred in 89% of Group I and developed as an apparently new arrhythmia in
13% of Group I

Atrioventricular Reentrant Tachycardia in the Presence of Overt (WPW) or
Concealed Kent Bundles

Atrial fibrillation is a common arrhythmia in patients with Kent bundles. In
patients with the WPW syndrome atrial fibrillation is described in up to 30% of
cases with recurrent palpitations [13, 14]. It has been suggested that in WPW
patients atrial fibrillation is generally triggered by atrioventricular reentrant
tachycardia [13-17]. In fact, almost all patients with paroxysmal atrial fibrillation
also present with recurrent atrioventricular paroxysmal tachycardia. Faster rates
of atrioventricular reentry appear to predispose to the development of atrial fib-
rillation [2, 3], but it is extremely common to observe degeneration of atrioven-
tricular reentry into atrial fibrillation during electrophysiologic study in patients
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with relatively slow atrioventricular reentry (150 beats per minute) [1]. A short
refractory period of the Kent bundle is another factor predisposing to the devel-
opment and maintenance of atrial fibrillation [3, 18]. Finally, intrinsic atrial vul-
nerability is probably a striking factor in patients with WPW who have no heart
disease and present with clinical episodes of atrial fibrillation [17, 19]. In fact
some authors [17, 18] described a greater atrial vulnerability and an easier initia-
tion of atrial fibrillation by atrial stimulation in patients with WPW syndrome
who have a history of atrial fibrillation. The hypothesis that atrioventricular reen-
trant tachycardia is the main trigger of atrial fibrillation in the WPW syndrome is
confirmed by the observation that Kent bundle ablation is generally able to pre-
vent both arrhythmias [2, 3,7].

Some authors suggest that patients with concealed Kent bundles present with
primary atrial vulnerability as well [20]. The incidence of atrial fibrillation in the
latter patients is not well established but probably ranges between 10% and 20%
[21, 22]. The diagnosis of tachycardia-induced atrial fibrillation in patients with
concealed Kent bundles can be difficult, because in these patients the basal elec-
trocardiogram is normal and it is not always possible to obtain an electrocardio-
gram during paroxysmal atrioventricular reentrant tachycardia. In fact, in many
cases the paroxysmal atrioventricular tachycardia lasts only a few minutes and/or
rapidly degenerates into sustained atrial fibrillation. Only when episodes are par-
ticularly frequent is it possible to record them by Holter monitoring or by trans-
telephonic transmission. The diagnosis must be suspected in patients which refer
to regular paroxysmal palpitations for many years and who describe a modifica-
tion of their symptoms owing to the occurrence of irregular palpitations. When
suspected, the diagnosis can be reached by electrophysiologic study. Catheter
ablation of the Kent bundle frequently eliminates all arrhythmias.

Atrioventricular Nodal Reentrant Tachycardia

About 10% of patients with atrioventricular nodal reentrant tachycardia also pre-
sent with atrial fibrillation [21-23]. Some authors [24] suggest that, similarly to
preexcitation syndromes, some patients with atrioventricular nodal reentrant
tachycardia may present with a primary atrial vulnerability. In some cases the
diagnosis of this form of tachycardia-induced tachycardia is difficult. In fact, as
previously discussed for concealed Kent bundles, some patients have only brief
(few minutes) episodes of paroxysmal supraventricular tachycardia and/or the
latter rapidly degenerates into sustained atrial fibrillation. It follows that in some
cases only atrial fibrillation is electrocardiographically documented, leading to
an erroneous diagnosis of idiopathic atrial fibrillation. The diagnosis must be
suspected when patients refer both regular and irregular palpitations. The diag-
nosis can be obtained by electrophysiologic study. Catheter ablation of the slow
or fast pathway is able to eliminate both arrhythmias in subjects without struc-
tural heart abnormalities [8, 9]. In patients with structural heart abnormalities,
atrial fibrillation can relapse [8] despite the cure of atrioventricular nodal tachy-
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cardia. In the latter cases, however, antiarrhythmic drugs can reduce or abolish
paroxysmal palpitations.

Clinical Implications of a Correct Identification of “Tachycardia-induced
Atrial Fibrillation”

Atrial fibrillation is an arrhythmia that is frequent and difficult to cure. In fact, drug
therapy is ineffective in preventing recurrences in over 40% of cases. Cath-eter abla-
tion of its atrial substrate by multiple linear atrial lesions is currently experimental
and cannot be extensively used. A small group of patients with atrial fibrillation also
have other supraventricular arrhythmias. The latter can represent a casual associa-
tion or they can be the main trigger of atrial fibrillation. The identification of
patients with tachycardia-induced atrial fibrillation is of clinical interest because the
ablation of the triggering arrhythmia can also cure atrial fibrillation. This is the case
of focal rapid atrial tachycardia, of atrioventricular tachycardia related to an overt or
concealed Kent bundle, and of atrioventricular nodal reentrant tachycardia. Atrial
fibrillation can complicate the clinical course of the above mentioned arrhythmias
in at least 10% of cases. The diagnosis of tachycardia-induced atrial fibrillation is
sometimes difficult and requires an electrophysiologic study. It follows that it must
be suspected in patients with recurrent episodes of atrial fibrillation referring to
both regular and irregular palpitations especially when they have no structural
heart abnormalities. In fact, in patients without heart disease the suppression of a
rapid focal atrial tachycardia, of a Kent bundle or of the atrioventricular node slow
or fast pathway can be curative. On the contrary, in patients who suffer from heart
disease catheter ablation, while eliminating the regular reentrant arrhythmia, it is
generally not able to influence the natural history of atrial fibrillation. In patients
with atrial flutter the suppression of the arrhythmia seems to be ineffective in pre-
venting atrial fibrillation even in the absence of evident structural abnormalities.
This behavior probably depends on a concealed but diffused atrial disease.
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ATRIAL FIBRILLATION:
CARDIOVERSION AND DRUG PROPHYLAXIS



Restoration of Sinus Rhythm: Pharmacological or Electrical?

M. CHIMIENTI, S. BARBIERI AND G. GUAZZOTTI

Atrial fibrillation (AF) is the most commonly occurring cardiac arrhythmia;
nonetheless, management strategies for its control are far from satisfactory. Most
patients experience palpitations, but dyspnea, lightheadedness and fatigue are
not uncommon. In some patients even totally asymptomatic AF may be responsi-
ble for thromboembolic events, especially in the elderly and in patients with
structural cardiac disease. Patients with high ventricular response during AF
may develop heart failure and occasionally tachycardia-induced cardiomyopathy.
Furthermore, AF has been demonstrated to be associated with decreased sur-
vival, regardless of the underlying heart disease [1]. For all these reasons, restora-
tion of sinus rhythm is the ideal therapeutic intervention in the majority of
cases; although a general management strategy can be established, a specific risk/
benefit balance should be calculated for each individual patient.

Atrial Fibrillation: Aims of Treatment

Patients with AF may need different therapeutic approaches in relation to their

clinical presentation. The aims of treatment are summarized as follows:

« correction of the underlying disease: a specific treatment should be provided
first in order to control any possible etiologic factors that might be identified
(hyperthyroidism, electrolyte imbalance, acidosis, etc.);

« termination of sustained episodes: this may be pursued by either pharmacologi-
cal (intravenous or oral drugs) or electrical methods (transthoracic direct-cur-
rent countershock is used most often, but internal low-energy cardioversion may
be carried out in selected and particularly resistant patients). Characteristics,
risks and benefits of the different therapeutic approaches to cardioversion of sus-
tained episodes of AF are more extensively treated in this review;

« prevention of recurrences: a complete prevention is often difficult to reach
with any antiarrhythmic agent; a reduction of frequency and duration of
recurrences is usually considered a relatively satisfactory success;
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+ control of ventricular response: in patients in whom any attempt of convert-
ing AF to sinus rhythm or preventing recurrences fails, therapy should aim at
maintaining the ventricular rhythm at acceptable rate and regularity; this may
be principally achieved with drugs that decrease AV nodal conduction and
sometimes by means of ablation/modulation procedures and pacemaker
implantation;

+ prevention of thromboembolic accidents: in patients with prolonged recur-
rences, frequent paroxysms or permanent chronic AF, a specific anticoagulant
or antiplatelet regimen should be instituted, according to specific well-estab-
lished protocols.

Why to Convert Atrial Fibrillation?

In patients with sustained, not self-terminating accesses of AF, an attempt of con-
verting to sinus rhythm is mandatory, unless there are particular reasons to
believe that any attempt to restore and maintain sinus rhythm will be futile or
hazardous. There are several reasons in favor of the restoration of sinus rhythm:

« relief of symptoms: even if some patients can be asymptomatic during AF,
most patients complain of several symtoms, that may be troublesome (palpi-
tations, fatigue) but sometimes may also be clinically dangerous (sympto-
matic hypotension, dyspnea, heart failure, angina, dizziness, syncope);

+  risk reduction: it is well known that AF increases the incidence of thromboem-
bolic events (stroke), and that it may precipitate uncontrollable angina (chest
pain increases sympathetic tone which, in turn, may increase heart rate and oxy-
gen consumption), syncopal attacks (due to abrupt heart rate acceleration and
consequent cerebral-flow drop), heart failure (the so-called “rate-related car-
diomyopathy” secondary to inappropriately rapid ventricular rates for long peri-
ods of time), ventricular tachyarrhythmias (favored by irregular and high rates,
possible relative ischemia, autonomic imbalance, etc.) and occasionally death;

« prevention of electrical remodeling: clinical experience and recent experi-
mental evidence [2,3] show that AF itself may cause electrical changes in the
atria, thereby favoring the progression of paroxysmal to chronic AF (“atrial
fibrillation begets atrial fibrillation™); that is why treatment should try to
interrupt this vicious circle, by maintaining sinus rhythm as long as possible.

When to Convert Atrial Fibrillation?

As a general rule, AF should be converted as soon as possible. All patients should
be given the chance to have their rhythm converted to sinus rhythm, indepen-
dently of the presence of symptoms, unless the risks of the procedure (either
pharmacological or electrical) outweigh the benefits of the possible results.
Usually, an AF present for more than 1 year and the documentation of a conspic-
uous left atrial enlargement are considered negative prognostic factors that do
not guarantee a high probability of success.
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Where to Convert Atrial Fibrillation?

Both pharmacological and electrical cardioversion should be performed in an
adequate hospital setting, under continuous electrocardiographic and vital-sign
monitoring, with rapid access to resuscitation facilities. When oral antiarrhyth-
mic drug loading is repeatedly effective during in-hospital administration with-
out appearance of any adverse effects or complications, drug self-administration
at home may be permitted in selected cases.

How to Convert Atrial Fibrillation?

In patients with new-onset (usually a few hours) and hemodynamically well-tol-
erated AF, without significant underlying heart disease, an immediate therapeutic
intervention may be delayed, unless the patient is highly symptomatic, because
spontaneous reversion is to be expected in at least half of the cases [4]; only
drugs able to decrease atrial conduction through the AV node may be given, if
needed, in order to relieve symptoms (digitalis, calcium antagonists, B-blockers
or amiodarone may be helpful in this setting).

If the arrhythmia has been present for a longer period of time (but with rea-
sonable certainty for less than three days) and is hemodynamically stable, an
intravenous or oral drug therapy may be started without pretreatment with anti-
coagulants, since in this setting the risk of embolism is lower than that of hemor-
rhagic complications. Usually, it is preferable to make an attempt at pharmacologic
conversion first, in order to understand how the arrhythmia is sensitive to a par-
ticular drug, with important prognostic implications: in fact, after the first episode
nobody knows how many recurrences and how many hospitalizations will follow
and how difficult prophylaxis will be in that particular patient (Table 1). During

Table 1. Pharmacological cardioversion

1. Main characteristics:
« intravenous or oral drugs
* hemodynamically and electrically stable patients
« anticoagulation if needed
+ pharmacological heart rate control if needed
* highly effective in recent-onset AF
* time consuming

2. Benefits:
* no need for anesthesia

3. Risks:
* negative inotropic effects of most drugs
* ventricular proarrhythmia




30 M. Chimienti etal.

continuous electrocardiographic and vital-sign monitoring an antiarrhythmic
agent is administered according to well-established protocols; the choice of the drug
depends mostly on the preference and experience of the physician. Intravenous or
oral flecainide has demonstrated to be the most effective and rapid drug in convert-
ing AF to sinus rhythm, with an acceptable incidence of side effects (e.g. hypoten-
sion) [4-8]. Propafenone is also frequently utilized either intravenously or orally, but
the expected success rate is lower than that of flecainide, while the incidence of
unwanted effects is the same [9-11]. Amiodarone is also utilized, particularly in
unstable and ischemic patients with poor ventricular function, for its favorable
slowing effect on ventricular rate and the lack of significant negative inotropic
action: unfortunately, its efficacy is delayed and the success rate is only slightly
higher than that of placebo even after 24 hours [4, 12-15]. Oral quinidine at increas-
ing doses is highly effective in mid-term conversion, but prolongation of QT inter-
val must be accurately monitored for the risk of ventricular tachyarrhythmias;
moreover, a high incidence of side effects restricts the possibility of a large-scale use
of this drug [5, 16]. Digitalis has long been given a prominent role in the rate control
and conversion of AF, even if, due to its vagomimetic effect, it is expected to be pro-
fibrillatory; in fact, although AF may frequently convert to sinus rhyhm some hours
after digitalis administration, the conversion rate parallels that of placebo [17].

In patients in whom AF has been sustained for more than a few days or its
duration is uncertain, the current recommendation is to provide anticoagulant
therapy since the risk of thrombus formation is particularly high [18]. Since anti-
coagulant treatment should be provided for at least 3 to 4 weeks, an attempt at
pharmacologic conversion cannot be performed before one month from the
onset of AF; because the pharmacological conversion rates fall dramatically when
the duration of AF is prolonged, one should realize if a time-consuming pharma-
cological procedure is still worthwhile. In this clinical setting it is probably advis-
able to start with an electrical procedure without any further delay (Table 2). The

Table 2. DC shock cardioversion

1. Main characteristics:
+ hemodynamically and electrically unstable patients
+ anticoagulation if needed
« pharmacological heart rate control if needed
+ may be utilized after drug failure
+ antiarrhythmic drugs may be associated
(before or during the procedure)

2. Benefits:
+ highly effective even in long-lasting AF
+ relatively quick procedure
+ may be repeated immediately

3. Risks:
- possible myocardial damage
+ dangers of anesthesia
« ventricular tachyarrhythmias
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same approach should be utilized in patients with recent-onset AF who are
hemodynamically or electrically unstable. DC shock is considered a very effective
therapeutic tool: the success rate is close to 100% when technically correct and
performed by skillful hands. Moreover, it is a quick procedure and in case of fail-
ure it may be repeated safely at least three times in a few minutes. The risks of the
procedure, that must be accurately evaluated, are the possible myocardial damage
(a transient ST-segment elevation is frequently observed), the dangers connected
to anesthesia, and the possible ventricular arrhythmias that may follow the defib-
rillating discharge [19-21].

In highly selected patients, when a pharmacological approach fails and an
external DC shock also fails or is contraindicated, an attempt at internal car-
dioversion may be carried out. This technique is newborn and still performed on
an experimental basis, but it is very promising, with a high success rate even in
long-lasting AF and with a safe profile [22].

Clinical Implications

Comparison of the clinical effects of the two therapeutic strategies to restore sinus
rhythm, the pharmacological and the electrical one, is difficult if not impossible:
they both are effective and sufficiently safe. The indications to each procedure are
slightly different, so the clinician should use them in a complementary fashion
instead of in a conflictual one, in order to reach the maximum effect at the lowest
cost, both in terms of risks for the patient and time saving for the clinician.
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Atrial Fibrillation: Which Drug to Prefer for Acute Cardioversion?

N. BaLrpy, V.A. Russo, V. MORRONE, G. MARASCO AND G. POLIMENI

The indisputed advantages of the pharmacological cardioversion of recent onset
atrial fibrillation (good and at times high efficacy, action rapid and often during
drug infusion, very good patient compliance, no need for hospitalization) have
stimulated the interest of several authors to test both the efficacy of antiarrhyth-
mic drugs and the possible preferential indications for each of them. In our opin-
ion, there are three main factors that must be taken into consideration in choos-
ing the kind of drug for atrial fibrillation (AF) cardioversion: 1) arrhythmia
duration, 2) the clinical context in which it takes place, 3) ventricular function.

AF Duration

This represents by far the most important factor influencing the probability of
sinus rhythm restoration. Furthermore, the choice of the kind of drug can also
depend on this factor. In fact, we must take into account that most drugs used in
the acute treatment of AF in the last 15 years (propafenone, flecainide, pro-
cainamide, amiodarone, sotalol, etc.), have generally been administered in
patients whose AF duration was not longer than two weeks. For longer-lasting AF,
we generally use drugs tested in the 1960s, like quinidine, or more recently, like
amiodarone.

Clinical Context
Lone atrial fibrillation

This is the clinical situation in which class 1C antiarrhythmic agents may be
most useful. Groups of patients affected by both lone AF and AF in the presence
of different underlying heart diseases have been investigated, in several studies
in which intravenous flecainide [1-5] and propafenone [5-9] have proved to be
effective. It is not possible, however, to evaluate the effectiveness of drugs in the
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subgroups of patients separately, although in some studies in which the sub-
groups of patients affected by lone AF are dominant or can be easily distin-
guished from the remaining cases, the percentage of success ranges between 85%
and 93% for flecainide [2, 3, 5] and between 57% and 87% for propafenone [3, 5,
8]. The present use of these drugs depends not only on their effectiveness, but
also on the time till the sinus restoration (generally within 1 h and often during
the drug infusion). In our opinion, such drugs must be preferred for their quick
action, thanks to which in most cases the patient can return home. Intravenous
amiodarone has also been frequently used in the treatment of AF [8, 10-16].

Concerning this drug, however, some important data must be taken into con-
sideration. First of all, the number of patients studied from 1982 up to 1995
amounts to 183 only. Almost all studies [8, 10-14] except for two [15, 16] are not
controlled. Furthermore, in the two controlled studies [15, 16] the percentage of
success of amiodarone has resulted substantially similar to that of placebo in the
3rd and 8th hour. Also, most studies concerning propafenone and flecainide are
not controlled, but in the controlled ones, in which the drug has been adminis-
tered intravenously or per os [15-20], the percentage of success of flecainide in
the 3rd hour was significantly higher than that of placebo [15-18]. In Capucci et
al. [15, 18] this percentage was significantly higher in the 8th hour as well, while
in Donovan et al. [16] it was similar to the placebo. A similar outcome was
observed for propafenone in the 3rd and 8th hour [18, 20]. Therefore, in the phar-
macological cardioversion of AF one must take into account that in a rather con-
siderable percentage of cases the sinus rhythm restoration occurs spontaneously
(percentages of restoration within the 3rd hour range between 18% and 27% and
within the 8th hour range between 37% and 59%). Therefore, if the arrhythmia is
well borne and it is not urgent at all to resolve it quickly, the patient can reason-
ably be kept under observation at least for 8-12 hours, since the sinus rhythm
restoration can occur spontaneously.

Recently, the use of propafenone and flecainide in a single oral loading dose
has been proposed. The aim of using this treatment is to allow the patient to fol-
low the treatment at home, if it proves to be efficacious and safe in the hospital
[15, 17, 18, 20-23]. In summary, up to now this procedure (propafenone, 600 mg
and flecainide, 200 - 300 mg per os) has been tested in 354 patients, 51% of whom
presented a lone AF, 34% only a slight associated hypertension, and 15% an
underlying heart disease. The efficacy of such a procedure of administration is
indisputable: percentages of conversion between 52% and 63% have been
obtained within the first hour, between 52% and 82% within the 3rd hour, and
91% and 100% within the 8th hour with flecainide, and between 45% and 63%
within the 3rd hour and 76% and 91% within the 8th hour with propafenone. It is
interesting to observe that proarrhythmic effects, traditionally due to drugs, have
occurred in the placebo group too. An atrial flutter with an A-V conduction ratio
of 2:1 or 1:1 has been observed in between 7% and 11% of patients treated with
propafenone or flecainide, but in between 5% and 8% of patients in the placebo
group. Similar observations have been made for sinus pauses with percentages
between 1.6% and 8.6% in patients treated with propafenone and flecainide, but
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also between 4.5% and 5.7% in the placebo group. Mild congestive heart failure
has been occasionally observed in patients with underlying heart disease. Only
one case presented an irreversible pulmonary edema. In our opinion, this method
of administration cannot be suggested yet as generalized praxis. It requires fur-
ther evaluation and must be followed by physicians concerned with the problem.

WPW Syndrome

The incidence of AF in Wolff-Parkinson-White (WPW) syndrome is higher than
in the normal population, and ventricular fibrillation may develop during an
attack of AF if conduction through the accessory pathway is rapid [24]. Drugs like
digoxin, verapamil and amiodarone are contraindicated because of the depressive
action on nodal conduction which may speed up the ventricular response during
AF and increase the risk of degeneration to ventricular fibrillation [24-28].
Flecainide and propafenone can be considered as the drugs of choice in the treat-
ment of AF. Many studies have shown that in these patients both drugs determine
the prolongation of the anterograde and retrograde refractory period of accesso-
ry pathway - both in patients with a long or a short refractory period - as well as
the complete block of conduction, via the accessory pathway [29-36]. These drugs
considerably slow down the ventricular response during AF with pre-excited ven-
tricular response [29, 31, 34, 37, 38]. Thus, their effects are twofold: 1) restoration
of sinus rhythm and 2) prolongation of pre-excited beat intervals or block of con-
duction via the accessory pathway with slowing down of the ventricular rate.

Bundle Branch Block or Multifascicular Block

There is a potential risk in patients with bundle branch block or multifascicular
block of a complete paroxysmal atrioventricular block due to drugs which hardly
depress the conduction through the His-Purkinje system. The H-V interval is
actually prolonged by 1A class drugs such as procainamide {39] and 1C class
drugs such as flecainide and propafenone {40, 41]. Amiodarone does not substan-
tially modify the H-V interval, and in some studies it has been proved to be safe
for patients with bundle branch blocks [42, 43]. Thus, in spite of limitations due
to non-controlled studies, if we want to choose a pharmacological treatment for
such patients, the safest drug is amiodarone.

Long-lasting AF in Patients with Left Ventricular Dysfunction

From a clinical point of view, this group represents the majority of patients.
Sometimes, it is necessary to try a sinus rhythm restoration to utilize the atrial
contribution of these patients. The general trend in this case consists in keeping
AF and merely checking the heart rate. On the other hand, if a cardioversion
attempt has to be made, amiodarone is likely to be the most suitable drug in these
conditions. From the authors’ review of the literature [44-48] the following data
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come out: a total of 183 patients were tested, 170 of whom presented an underlying
heart disease, also in NYHA III-IV functional class [47] lasting from 3 months to
75 months (on average), the sinus rhythm restoration occurred in 20% of the cases
with the drug alone and in 51% with the drug associated with a direct current
(DC) cardioversion, whereas other antiarrhythmic drugs had frequently failed. In
spite of the uncertainty surrounding the real efficacy of amiodarone - since stud-
ies are not controlled - we are well aware that amiodarone at least does not reduce
performance, as the majority of 1 class drugs do. From a series of studies it
appears that amiodarone administered per os even at very high doses, for several
days and even in patients with a serious left ventricular dysfunction, does not
cause considerable hemodynamic variations [49-51]. A controlled study, the data
of Deedwania, published recently [52], confirms this characteristic of amiodarone.
In a subgroup of 103 patients with AF, dilated left ventricle, LVEF < 40%, and con-
gestive heart failure, randomized through amiodarone per os or placebo, in an
average follow-up of 4.5 years, the following was observed: 1) a probability of
sinus rhythm restoration significantly higher in the amiodarone group (31% ver-
sus 8%, p < 0.005), and 2) a significantly higher survival rate in patients given
amiodarone in association with conversion (p < 0.05). It is interesting to observe
that neither the NYHA functional class, nor the etiology of congestive heart fail-
ure, nor the LVEF, nor the telediastolic diameter of the left ventricle and left atri-
um have been correlated with the probability of sinus rhythm restoration.

In conclusion, the knowledge of both the physiopathology of the different
clinical conditions in which AF can occur and the hemodynamic and electro-
physiologic effects of the various antiarrhythmic drugs must be used to indicate
the most appropriate drug for restoring sinus rhythm.
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Drug Prevention of Paroxysmal Atrial Fibrillation,
When and How?

H.]J.G.M. CRrijNS AND I.C. VAN GELDER

Paroxysmal Atrial Fibrillation: a Chronic Disease

Paroxysmal atrial fibrillation is self-limiting since - by definition [1] - attacks
stop spontaneously, while only prolonged symptomatic episodes require drug
intervention (Table 1). Despite being episodic and self-limiting, paroxysmal atri-
al fibrillation is a chronic disease: sooner or later after the first clinically signifi-
cant attack most patients will experience a second one, even while using prophy-
lactic antiarrhythmic drugs [2]. Therefore, drug intervention may at best reduce
the number of attacks over time or postpone recurrences. Thus the primary aim
of treatment is to improve quality of life rather than to simply suppress the
arrhythmia. In this respect patient counseling is highly important. Patients should
know that recurrences are a normal phenomenon even when using drugs, and
that a breakthrough arrhythmia is not necessarily a sign of drug inefficacy.
Consequently, a given drug should be replaced or non-pharmacologic treatment
considered only if breakthrough arrhythmias or side effects are not tolerated.

Table 1. A possible classification of atrial fibrillation [modified after ref. 1]. This classifica-
tion is based on the temporal pattern of atrial fibrillation and the spontaneous behavior
as well as the response to pharmacologic or electrical cardioversion. Note that atrial
fibrillation is a chronic disease irrespective of its temporal patterns

Type Duration Spontaneous Conversion
conversion? possible?
Paroxysmal < 2-7 days, yes on drugs
usually < 24 hrs
Persistent >2-7 days no electrical CV needed
Permanent permanent no no

CV, cardioversion.
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Paroxysmal atrial fibrillation may turn into persistent atrial fibrillation [3].
This is due to progression of underlying heart disease but also relates to several
arrhythmia related changes such as left atrial enlargement [4], progressive left
ventricular dysfunction [5] and electrical remodeling [6]. After turning into per-
sistent atrial fibrillation, treatment becomes more difficult and cardiovascular
events increase. Again, counseling is important: given its tendency to become per-
sistent, patients should have their paroxysmal atrial fibrillation terminated as
soon as possible.

Precipitating Factors and Causes

The patient’s history is too often neglected but may contain important precipitat-
ing factors. Triggers should be removed or avoided as much as possible before
considering (non-)pharmacologic therapy. Among arrhythmia triggers are coffee,
alcohol, fever and stress, but also aggravation of heart failure and ischemia.
Additionally, specific stimuli have been described for vagal and adrenergic atrial
fibrillation. Unfortunately questions regarding these items have to be asked for in
a targeted manner since usually patients do not volunteer them to the clinician.
Sometimes paroxysmal atrial fibrillation occurs in the setting of sick sinus syn-
drome. In those patients implantation of an electronic pacemaker may be
inevitable to render attacks amenable to drug treatment.

Quality of Life

Quality of life is negatively affected by irregularity of the pulse, exercise intoler-
ance, sequelae of thromboembolism and drug side effects. Loss of social contacts
due to physical and emotional inability may further restrict quality of life [7,8].
His bundle ablation has been shown to improve quality of life dramatically [9,10].
There are no formal studies on the effects of drugs in this respect.

Antithrombotic Treatment

At present it is unknown whether antithrombotic treatment is specifically indi-
cated in paroxysmal atrial fibrillation and if so who should receive it. Considering
the frequent absence of underlying disease, most patients do not need oral anti-
coagulation. It is extremely unfortunate that the recently completed large scale
trials [11] studied mixed bags of paroxysmal and chronic atrial fibrillation and
are therefore only of little help in answering these questions.
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Drug Prevention

In paroxysmal atrial fibrillation a significant cardiovascular cause is absent in
over 50% of cases [12]. This is why prognosis is favorable and drugs well tolerated
in many patients. Nevertheless, Vaughan Williams class Ia and III drugs may pro-
duce torsade des pointes even in “lone” atrial fibrillation, and chronic treatment
with class Ia and Ic drugs should be avoided in case of significant ventricular dis-
ease (previous infarct, heart failure). It is questionable whether there still is a role
for quinidine [13], especially in the elderly [14]. Obviously, it is of highest impor-
tance that proarrhythmia, heart failure, uncontrolled atrioventricular conduction
and sick sinus syndrome be avoided when using prophylactic drugs.

The aim of antiarrhythmic drug therapy is to prolong the wavelength and
reduce or eliminate precipitating arrhythmia mechanisms. Rather than complete
suppression of atrial fibrillation, drugs may help to extend the interval between
recurrences and shorten the attacks. Studies typically report drug effects in terms
of arrhythmia free episode, the number of arrhythmia free patients after a limit-
ed period of follow-up (e.g. six months, or even less), or the relative risk to expe-
rience a recurrence compared to placebo. In their study, Anderson et al. showed
that 300 mg flecainide lengthens the time to first recurrence from 3 at baseline to
15 days on the drug. Similarly the interepisode interval increased from 6 to 27
days [15]. In the UK Propafenone PSVT Study [16] propafenone reduced the risk
of recurrences sixfold compared to placebo. In a direct comparison by Aliot et al.
both agents performed similarly [17]. Two studies showed that quinidine was as
effective as flecainide, but quinidine was less well tolerated [18,19]. Reimold et al.
[20] could not find a difference between propafenone and sotalol, with 30% and
37% of the patients maintaining sinus rhythm for at least 12 months (mixed bag
study of persistent and paroxysmal atrial fibrillation). Amiodarone is rather effi-
cacious even after previous drug failure. It may be used as a first line agent in
heart failure complicated by atrial fibrillation [21], but should be avoided in
younger patients and those with pulmonary disease.

Vagal-induced atrial fibrillation should be treated with class Ia drugs since
these agents have vagolytic properties. Flecainide may also be effective. By con-
trast, digitalis or B-blockade may provoke attacks. Adrenergic-dependent atrial
fibrillation may best be treated with B-blockade or propafenone.

Future Perspectives

Paroxysmal atrial fibrillation is a chronic disease not only in terms of arrhythmia
recurrences. Apart from a persistent risk of heart failure, antiarrhythmic and
anticoagulant drugs constitute a continuous threat. At present it is unknown
whether antiarrhythmic prophylaxis and anticoagulation, if needed, reduce mor-
bidity or mortality compared to a simple rate control strategy. Possibly the Atrial
Fibrillation Follow-up Investigation of Rhythm Management (AFFIRM) may
answer this question [22]. It compares primary acceptance of atrial fibrillation as
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answer this question [22]. It compares primary acceptance of atrial fibrillation as
the main rhythm (rate control plus anticoagulation) with a strategy aiming at
maintaining sinus rhythm (antiarrhythmic drugs and anticoagulation). Patients
qualify for this study if they have attacks lasting at least 6 hours, they should have
had at least 1 episode in the last 6 months and the qualifying episode should have
occurred in the past 6 weeks. Patients younger than 65 years may only be includ-
ed if they have an increased thromboembolic risk. Considering these inclusion
criteria, mainly paroxysmal atrial fibrillation will be included. It seems question-
able whether in these patients accepting atrial fibrillation is satisfactory to the
patient. On the other hand, Godtfredsen [3] has shown that paroxysmal atrial fib-
rillation tends to turn into chronic if episodes last relatively long and in these
patients the AFFIRM question seems justified.
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Antiarrhythmic Drug Administration before
Electrical Cardioversion of Atrial Fibrillation:
Is It Useful to Prevent Early Arrhythmia Recurrence?

G. BoRIANI, M. BIrr1, G. BRONZETTI, L. FRABETTI, A. CAPUCCI, A. BRANZI AND
B. MAGNANI

Electrical Cardioversion and Risk of Atrial Fibrillation Recurrence

Electrical cardioversion may restore sinus rhythm in approximately 90% of patients
with chronic atrial fibrillation [1]. The most relevant clinical problem after success-
ful cardioversion is represented by the risk of recurrence which may occur either in
a very early phase (first minutes after electrical shock), in an early phase (first 24
hours), in the days following the procedure or several weeks or months later.

The risk of recurrence without antiarrhythmic drugs prophylaxis is very
high at long term follow-up: Lundstrom and Ryden [2] reported that only 30%
remained in sinus rhythm off antiarrhythmic therapy at 3 months in a series of
successfully cardioverted patients. These findings provide the rationale for long
term prophylaxis with antiarrhythmic agents, although there is some concern
about the risk-benefit ratio of these drugs [3].

The risk of atrial fibrillation recurrence is particularly high in the first minutes
after successful cardioversion: Rossi and Lown [4] reported that 30% of the patients
successfully cardioverted and not treated with antiarrhythmics had a recurrence
within 1 minute. Figure 1 shows an example of a very early recurrence of atrial fib-
rillation after conventional external cardioversion. Even in the hours following car-
dioversion the risk of recurrence remains high: in the study of Van Gelder et al. [5]
arrhythmia recurrence occurred between 0.5 and 24 hours in 10 patients, corre-
sponding to 7% of the converted patients and to 17% of all the clinical failures.

In view of the substantial risk of atrial fibrillation recurrence in an early or
very early phase after successful cardioversion, a brief course of antiarrhythmic
drug therapy has been proposed, although few studies have analysed the risk-
benefit ratio of this approach [4, 6-11].

Factors Conditioning the Risk of Early Recurrence

Many structural factors related to underlying heart disease, neurohormonal sta-
tus, arrhythmia duration and patient age, may increase the risk of atrial fibrilla-
tion recurrence and several studies have assessed their influence on medium and
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Fig. 1. Continous electrocardiographic tracing (leads D1 and D3) showing restoration of
sinus rhythm by external transthoracic cardioversion with early recurrence of atrial
fibrillation after few sinus beats

long-term recurrence. For early occurring recurrences electrophysiological fac-
tors may have a predominant role. An electrophysiological remodeling has been
demonstrated by Wijffels et al. [12] in conscious goats in which repetitive induc-
tion of episodes of atrial fibrillation resulted in chronic atrial fibrillation after few
days. The increase in duration of atrial fibrillation was accompanied by a marked
shortening of the atrial effective refractory period with loss of the physiological
rate adaptation of refractoriness. These changes persisted even after restoration
of sinus rhythm and normalization was found only after a few days of stable sinus
rhythm. If electrical remodeling is confirmed to occur also in humans, the find-
ing that shortening of atrial refractoriness requires a few days to revert complete-
ly could explain the early recurrences seen after cardioversion [12].

Moreover, an interaction exists between the electrophysiological properties of the
atrium and intra-atrial pressure. A condition of increased stretch of the atrial wall
due to increased atrial pressure could shorten atrial refractoriness although contro-
versial data have been reported [15-17]. After atrial fibrillation cardioversion, restora-
tion of full mechanical activity may take 4 to 6 weeks, as documented by Doppler
echocardiography [13, 14], thus determining persistent loss of electro-mechanical
coupling, which favors persistence of increased atrial pressure and stretch of the atri-
al wall.

This hemodynamic-electrophysiological link may be involved in favoring atri-
al fibrillation recurrence after cardioversion in patients with underlying structur-
al heart disease.

Moreover, atrial natriuretic factor, whose levels are increased in atrial fibrilla-
tion and progressively decrease after sinus rhythm resumption [17], can also
enhance the risk of early arrhythmia recurrence, due to its ability to shorten atri-
al refractoriness [18].
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In patients with congestive heart failure, adrenergic and neuro-hormonal acti-
vation may have a predominant role in increasing atrial arrhythmogenesis due
either to reentry or to abnormal automaticity and triggered activity [19].

Rationale for Antiarrhythmic Drug Administration Before Electrical
Cardioversion

The rationale for treating patients who are candidates for electrical cardioversion

with antiarrhythmic drugs is based on:

- the possibility of obtaining conversion to sinus rhythm in some patients, thus
avoiding the electrical procedure;

- the possibility of preventing early arrhythmia recurrence;

- the possibility of changing the pattern of atrial fibrillation, thus enhancing the
possibility of obtaining cardioversion to sinus rhythm.

The potential detrimental effects are:

- the possibility of increasing the energy required for defibrillation, as demon-
strated for ventricular defibrillation [20];

- the possibility of inducing proarrhythmic effects, like bradyarrhythmias or
tachyarrhythmias immediately after cardioversion.

Because of this complex scenario a more precise assessment of the risk-bene-
fit ratio of antiarrhythmics before electrical cardioversion can be achieved only
through the analysis of controlled studies.

Antiarrhythmic Drugs Before Electrical Cardioversion: Clinical Results

Available data on the effects of antiarrhythmic drugs on the outcome of patients
submitted to electrical cardioversion for atrial fibrillation were initially related to
transthoracic cardioversion whereas, more recently, some studies were performed
on subjects submitted to low energy internal cardioversion.

Quinidine has been the first drug studied for administration before electrical
cardioversion. Two studies [4, 7] reported that treatment obtained sinus rhythm
resumption in 12%-13% of the patients, thus eliminating the need for cardiover-
sion. The ability to prevent early recurrences of atrial fibrillation by giving quini-
dine after cardioversion is not well defined, although Rossi and Lown [4] observed
a non-significant trend in favor of quinidine (atrial fibrillation recurrence within 1
minute in 30% of placebo-treated patients versus 4% of quinidine patients). Atrial
premature beats after the shock resulted to be decreased in quinidine-treated
patients [4, 7]. Energy requirements for shock efficacy were reported to be lower in
two studies [4, 7], and not significantly modified in another study [21].

Amiodarone, because of its particular pharmacokinetics, may create some dif-
ferent effects depending on the way of administration (intravenous or oral) and
the length of oral treatment. In the study by Sagrista-Sauleda et al. [8] intra-
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venous amiodarone obtained conversion to sinus rhythm in 12% of patients.
Amioda-rone administration, either by long-standing oral treatment or short-
term intravenous infusion, did not diminish the effectiveness of electrical shocks
and the observed trend towards a reduction in energy requirement was not sig-
nificant. Either intravenous amiodarone was associated with a higher incidence
of post-shock bradyarrhythmias or intravenous and oral amiodarone determined
a higher rate of ventricular premature beats compared to control [8].

Propafenone was tested by Bianconi et al. [9] in a placebo-controlled study
involving 100 patients and comparing two different strategies: pretreatment with
oral propafenone or propafenone treatment only after cardioversion. The drug
obtained pharmacological cardioversion to sinus rhythm in 6% of the subjects. In
the whole population propafenone did not exert any significant effect on the total
energy required for cardioversion or on the success rate of the procedure. Indeed
propafenone had differential effects on energy requirements for successful car-
dioversion: it significantly decreased DC shock energy in those patients (22% of
the propafenone group) in whom atrial fibrillation was transformed into atrial
flutter whereas energy requirements were increased compared to control if atrial
fibrillation pattern didn’t change. In this study propafenone significantly reduced
arrhythmia recurrences occurring within 10 minutes (0% versus 17% in placebo-
treated patients) and within 24 and 48 hours. After cardioversion the incidence of
supraventricular ectopic beats was higher with placebo whereas sinus node dys-
function was more common with propafenone. During in-hospital stay propa-
fenone was withdrawn in 7% of the patients because of its side effects.

Flecainide has been evaluated by Van Gelder et al. [10]. The drug was adminis-
tered intravenously and although no differences were found in energy of the
effective shocks, attempts with high energy shocks were more often required
compared to placebo-treated patients.

More recently some studies were performed on patients submitted to low-
energy internal atrial cardioversion, a procedure that in some patients can even
be done without sedation [22].

Although different protocols were adopted, these studies were addressed to
evaluate the effects of different agents on atrial defibrillation threshold and this
kind of evaluation seems interesting even in the perspective of an internal atrial
defibrillator. Preliminary data have shown reduction in defibrillating energies
with intravenous sotalol [23], pretreatment with amiodarone [24] and intra-
venous flecainide [25].

Conclusions

Immediately after electrical cardioversion there is a high rate of atrial fibrillation
recurrence, due to a complex electrophysiological remodeling which interacts
with modulating factors, such as the autonomic nervous system.

The administration of class 1C and probably class 1A antiarrhythmic drugs
has a favorable effect in reducing early arrhythmia recurrences which is counter-
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balanced by the possibility of post-cardioversion bradyarrhythmias and by vari-
able effects on defibrillation energy requirements. Indeed, at least for class 1C
drugs, the possibility of reducing defibrillation threshold seems related to a phar-
macological effect that is able to change the atrial fibrillation excitation pattern
into a more organised arrhythmia, like a flutter. This finding however requires
further confirmation with a more precise assessment of the risk-benefit ratio of
each drug administered in different ways (intravenous or oral). In clinical prac-
tice an alternative approach to oral pretreatment with antiarrhythmic drugs
should be considered, that is administering the drug intravenously immediately
after cardioversion, thus avoiding potential unfavorable effects on atrial defibril-
lation threshold and on post-cardioversion bradyarrhythmias. In this view con-
trolled studies analyzing the risk-benefit ratio of these different strategies are
required.
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ATRIAL FIBRILLATION:
ABLATION PROCEDURES



AV-Nodal Ablation versus AV-Nodal Modification for Control of
Atrial Fibrillation

A.P. FITZPATRICK

In 1982, the first direct-current catheter-based interruption of the AV junction
for medically-refractory atrial fibrillation in a human, was described [1]. Since
that time, catheter ablation approaches have increased massively in number,
complexity and technical capability. In spite of these momentous advances, atrial
fibrillation is still commonly treated by AV junctional ablation and subsequent
permanent pacing.

In 1994, Morady et al. described a novel approach to non-drug control of the
ventricular rate response in patients with medically-refractory atrial fibrillation
[2]. This involved radiofrequency modification of the AV junction in the mid-
septal region close to the tricuspid annulus, at a site typically associated with the
location of the AV nodal “slow pathway” in patients with electrophysiologically
and anatomically dissociated dual AV nodal physiology. In patients treated in this
fashion, however, there was no evidence of dual AV nodal physiology, and indeed,
many patients so-treated were in atrial fibrillation, and therefore assessment of
AV nodal function would be impractical. The technique took advantage of the
fact that the “fast” anterior approaches to the AV node also have a relatively long
refractory period, whilst the “slow” posterior approaches to the node have a long
conduction time, but a relatively short refractory period. In this fashion modifi-
cation of the posterior approaches would theoretically result in fast conduction
of impulses via the normal anterior approaches, but longer recovery times before
the node would conduct the next impulse. The net effect of this approach would
therefore be to slow ventricular rate-response in atrial fibrillation, without the
need for complete AV junctional disruption, saving the need for permanent pac-
ing. Not surprisingly, this approach received a great deal of interest and excite-
ment, and earned the name “catheter based digoxin”.

In spite of the excitement generated, problems existed with adequate titration
of the dose and location of radiofrequency application in the region of the poste-
rior approaches to the node. Quite frequently inadvertent atrioventricular block
was the end-point of such approaches, and patients were not ultimately spared a
pacemaker. The technique required confirmation of effect with intravenous iso-
prenaline infusion, and in some cases the effect on ventricular rate-control was
not long lasting. Such short lasting effects in slowing, or “stunning”, AV nodal
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conduction are sometimes seen during AV nodal modification for AV nodal re-
entrant tachycardia, and when AV junctional ablation is the desired end-point.
However, despite reservations about the possibility that AV block would result
frequently from AV nodal modification attempts, and that the benefits seen dur-
ing the acute phase would not be long lasting, Morady et al. recently published
long-term follow-up data on 63 patients treated by a modification approach for
control of ventricular rate-response, indicating a good long-term benefit [3].

Where modification is not attempted, the more traditional, though destructive
approach of AV junctional ablation may be used. This invariably requires long-
term pacing. The benefits to patients, however, may be considerable. Twidale et al.
[1] prospectively studied total of 14 patients with drug refractory AF or atrial
flutter with rate control provided by radiofrequency energy AV junction ablation
and permanent ventricular pacing. A modest but significant increase in left ven-
tricular ejection fraction was observed from 42% * 3% during temporary ven-
tricular pacing immediately prior to ablation to 47% + 4% (p < 0.05) at 6 weeks
follow-up at the same ventricular pacing rate. No significant change in treadmill
exercise time was noted. As only 2 out of 14 patients had a baseline ejection frac-
tion less than 40%, these findings may not reflect potential benefits in patients
with more severely depressed systolic function.

Heinz et al. [5] prospectively studied control of rapid ventricular rates in AF
using radiofrequency energy AV junction ablation and permanent ventricular
pacing in 10 patients (9 with AF and 1 with atrial flutter) who had ventricular
responses greater than 120 beats per minute for the majority of the day.
Fractional shortening for the entire group improved significantly from 28% + 9%
within 1 day after ablation to 35% = 8% (p = 0.006) at a mean of 49 days follow-
up. Both studies were performed during ventricular pacing at similar rates.
Subgroup analysis showed significant improvement in the 5 patients with base-
line depressed fractional shortening, and a trend towards improvement which did
not reach statistical significance in the 5 patients with normal baseline fractional
shortening.

Brignole et al. [6] have prospectively studied rate control with radiofrequency
energy AV junction ablation in drug refractory AF patients with resting average
ventricular rates greater than 100 beats per minute. In a heterogeneous series of
23 patients with heart failure, NYHA class decreased significantly and exercise
time increased significantly for the whole group. In the nine subjects with
decreased left ventricular systolic function, echocardiogram assessment of frac-
tional shortening increased significantly from 23% + 5% to 31% * 9% (p =
0.003). In the 13 subjects with normal baseline left ventricular systolic futnction,
fractional shortening decreased significantly from 40% + 5% to 36% 6% (p =
0.05). These findings lead the authors to view treatment of drug refractory AF
patients as a balance between the benefits of rate control versus the possible dele-
terious hemodynamic effects of right ventricular pacing.

Because there is experimental and clinical evidence of improvement in left
ventricular function after AV junction (AV]) ablation, this would be expected to
translate into improved functional capacity, a reduction in consumption of health
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care and possibly an improved prognosis. A number of studies has addressed
these issues in variable depth, and generally, these found an improvement. One
study [7] attempted to address patient well-being and activity status, access to
health care and morbidity and mortality after AV] ablation. One hundred and
seven consecutive patients underwent radiofrequency AV junctional ablation and
permanent pacing for paroxysmal or established medically refractory atrial fib-
rillation at the University of California, San Francisco. After 2.3 1.2 years, all
patients who remained had a formal assessment of quality-of-life (scored as 1 =
poor, to 5 = excellent), limitation of various daily activities (1 = very limited, to 3
= not limited), and Health Care consumption before and after the procedure.
Doctor visits, emergency room and hospital admissions, pacemaker follow-up
visits, number of anti-arrhythmic drug trials and anticoagulation, new stroke,
heart failure episode or death, and maintenance of a dual-chamber pacing mode,
were noted before and after the procedure.

Ninety patients were alive and gave information, of whom 55 were female, with
a mean age 60 + 16 years, after a mean follow-up of 2.3 + 1.2 years. The mean left
ventricular ejection fraction (LVEF) was 51% * 11%. Seventeen patients out of the
107 in the series had died. Fifty-four patients had chronic atrial fibrillation at the
time of ablation, and 46 had paroxysmal episodes. Quality-of-life index was
improved significantly from 1.9 + 1.2 to 3.6 £ 1.1, (p < 0.001). Overall, activities of
daily living became significantly easier, with improvement in the score from 2 + 0.4
to 2.4 + 0.3 (p < 0.001). With pacemaker follow-up visits (3.6 + 4 per patient per
year) included, patients visited the doctor significantly less frequently each year
after treatment, (5.06 + 7 visits), than before, (10 % 13 visits, p < 0.03). Annual emer-
gency room attendances, (3.1 + 8 vs 0.2 + 0.62, p < 0.03), and hospital admissions,
(2.8 £ 6.8 vs 0.17 * 0.54, p < 0.03) fell significantly. Concurrent or serial antiar-
rhythmic drug trials prior to ablation were 6.2 + 4 per patient, and these fell signifi-
cantly to 0.46 + 1.5 during follow-up, (p < 0.001). Congestive heart failure episodes
occurred in 19 patients prior to, and in 8 patients after treatment.

In both established and paroxysmal AF quality of life improved. In patients with
established AF (EAF), quality of life after treatment rose from 1.8 + 1.14 t0 3.5 £ 1.1,
(p < 0.0001), and in patients with paroxysmal AF (PAF), from 2.1 + 1.3 to 3.7 + 1.1,
(p < 0.0001). Patients’ specific activities of daily living became significantly easier,
in PAE, (1.9 £ 0.6 to 2.39 £ 0.5 (p < 0.001). In PAF activities of daily living were not
significantly improved. These findings were consistent with expected activity
impact for patients with intermittent symptoms, who were predominantly in atrial
fibrillation. Consumption of health care resources in patients with established and
paroxysmal AF was markedly reduced by ablation and pacing. Hospital admissions
either direct or via the emergency room fell from 3.3 + 8.2 t0 0.13 £ 0.49, (p < 0.03),
in EAF and from 2.27 £ 4.1t0 0.2 + 0.6, (p < 0.005) in PAF. Accident and emergency
room attendances fell significantly, from 3.4 £ 9.8 to 0.16 + 0.65 per year, (p < 0.03),
in EAF and from 2.7 * 5.3 to 0.25 * 0.56 per year in PAF, (p < 0.005). Outpatient
doctor visits, with pacemaker follow-up attendances included (3.36 * 4.1 per year),
fell to 5.2 + 7.9 from 11 * 16.7, per year (p < 0.03), in EAF, and to 4.8 £ 5.1 visits
from 8 % 5.5 visits, (p < 0.03), in PAF, who had 3.3 £ 48.7 pacemaker follow-up vis-
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its per year. Antiarrhythmic drugs used fell significantly from 6.12 + 4.4 prior to
ablation to 0.43 + 1.8 (p < 0.0001), during follow-up in EAF, and from 6.3 + 3.5
prior to ablation to 0.5 * 0.8 during follow-up in PAF (p < 0.0001).

Significant events recorded were congestive heart failure episodes clearly docu-
mented in 12 patients prior to treatment, and in 4 patients afterward, and 8 strokes
prior to treatment and 2 afterward in EAF, and congestive heart failure episodes
documented in 7 patients prior to treatment, and in 4 patients afterward with 4
strokes prior to treatment and 1 stroke during follow-up, in PAE. From this study; it
was concluded that there was evidence that AV] ablation and pacing was beneficial
in terms of quality of life and health care costs, whether AF was established or not.

In spite of these impressive benefits, many physicians are reluctant to render
patients pacemaker dependent, even if their dependency upon the pacemaker is
relative, and there is usually a satisfactory underlying rhythm. At present it is
unclear whether patients who undergo AV junctional modification have such
improvements, and as yet there has been no randomised controlled comparison
of the two techniques. Provided AV nodal modification could reliably result in
adequate rate control in all cases, then it is only the regularity, versus irregularity
of the ventricular rhythm that might impair function.

It is known that atrial fibrillation at moderate heart rates causes negative
long-term effects on systolic function, and it is reasonable to suspect that some
portion of the negative effects may be indirectly related to the hemodynamic
effects of an irregular heart rate. These may be related to activation of pressure
receptors within the cardiovascular system. As early as 1915 Einthoven and
Kortweg recognized that the amplitude of a given pulse wave was related to the
duration of the preceding R-R interval [8]. This effect was first shown to be relat-
ed to the effect of diastolic filling on contractile force (Frank-Starling mecha-
nism) [9, 10]. It was later shown that this effect also occurs in isolated, perfused
hearts and in isolated heart muscle strips in which the preload is held constant
[11, 12]. In an isolated heart model, it was later shown that there is not only a
strong positive correlation between contractility and the length of the immedi-
ately preceding R-R interval but also a smaller negative correlation between con-
tractility and the length of the second to tenth preceding R-R intervals [13]. A
study in a dog model found that loss of atrial function and irregular ventricular
rate both contribute to a reduction in total cardiac output during atrial fibrilla-
tion [14]. Finally, it has been shown that patients with atrial fibrillation and
depressed left ventricular function suffer from a larger beat-to-beat variation in
stroke volume at rest (13% = 8%) than do AF patients with normal ventricular
function (7% + 4%) [15].

At present direct evidence that an irregular ventricular rhythm, albeit appro-
priate in rate for a given demand for activity, is less beneficial than an appropriate
rate in a regular rhythm, in humans, is lacking. Such information is difficult to
obtain, but would help provide guidance for physicians contemplating a catheter-
based approach to ventricular rate control in patients with atrial fibrillation.
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AV Junction Modification for Atrial Fibrillation:
Which End Points?

A. BONSO, S. THEMISTOCLAKIS, G. GASPARINI AND A. RAVIELE

Controlling ventricular rate in patients with intermittent or chronic atrial fibril-
lation (AF), in whom it is not possible to maintain sinus rhythm through drug
therapy, is often a problem. Control of ventricular rate is necessary because of
invalidating palpitations and/or occurrence of hemodynamic impairment [1].

For this reason, as a primary therapeutic choice some drugs are employed
which have a chronotropic action on AV node, such as digoxin [2], B-blocking
agents [3], calcium channel antagonists [4] etc.

Sometimes drug control of ventricular rate is unsatisfactory due to both the
ineffectiveness of drug therapy and the onset of intolerance, or side effects such
as depression in cardiac output or proarrhythmic effect [5]. However, even when
satisfactory results in basal conditions are achieved, drug control on ventricular
rate often decreases during physical effort [6].

Recently new non-drug based therapy choices have been introduced such as
AV junction ablation [7] or modulation [8].

However, even if it is easy to perform and highly successful, AV junction abla-
tion presents some limitations:

1) It provokes anatomic damage with irreversible total AV block preventing the
patients from successfully using new therapeutic findings.
2) It makes the implantation of a life-long pacemaker necessary.

Some authors, through the observation of the electrophysiologic modifica-
tions of the AV junction induced during radiofrequency ablation (RF) of atri-
oventricular nodal reentrant tachycardia (AVNRT) suggested modulation as an
alternative to AV junction ablation. The purpose of this technique was to reduce
ventricular response while avoiding the patient pacemaker implantation and life-
long dependancy.

The first attempts of AV junction modulation were performed by Duckeck [9]
who performed modulation with an anterior approach and a technique similar
to the one used for the fast pathway ablation in AVNRT patients [10].

The results of this study were discouraging due to the high percentage of
inadvertent AV block during procedure (28% of patients undergoing RF modula-
tion) and follow-up (54% of patients with effective modulation including 4 in
whom modulation was obtained through DC shock ) and also because of poor
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clinical effectiveness in follow-up (32%). Moreover, in 36% of successfully modu-
lated patients a life-long pacemaker implantation was necessary.

A new development in AV node modulation was made by other authors (Fleck
[11], Williamson [8]) on the basis of observations of a new approach to AVNRT
ablation. They noticed that by applying RF to the middle or posterior septum of
the right atrium in the middle or lower region of triangle of Kock, proximal to
coronary sinus, the nodal slow pathway disappeared while the effective refractory
period (ERP) of AV node increased and the Wenckebach point (WP) decreased.
For this reason they suggested that a similar approach could control AV conduc-
tion, while at the same time avoiding advanced AV block and subsequent pace-
maker implantation. This hypothesis has been supported by Krainer [12] and
Blanck [13] who observed that a selective elimination of the slow pathway
reduces ventricular rate during AF.

Methods

The initial approach [9] to obtain AV node modulation consisted in applying RF
while withdrawing the His bundle catheter until the distal electrode pair recorded
a large atrial potential and a small but sharp His potential. The end point of this
procedure was the lengthening of AH interval up to 50% of its baseline value or a
lowering of a Wenckebach cycle length not exceeding 400 ms. In the clinical
course during follow-up, modulation was considered effective if patients were
symptom free and ventricular rate during AF did not exceed 120/min without
further antiarrhythmic drug therapy or pacemaker implantation.

Successively AV junction modulation was performed by various authors in the
slow pathway with different techniques. Feld [14] performed modulation in 10
patients, 8 of whom with cronic AF applying RF in midseptal area proximal to the
tricuspid valve anulus with an atrioventricular ratio 1:1 to 1:2. Modulation was
considered effective when a mean ventricular rate was reduced below 100/min. If
the end point was not achieved, further applications were performed by shifting
the catheter progressively more posteriorly up to the coronary sinus os.
Effectiveness of the procedure was evaluated after administration of atropine i.v.
when the highest ventricular response was not to exceed 120/min.

Williamson [8] and Brignole [15] performed AV node modulation in 19 and
20 patients respectively, by applying with an anatomical approach (dividing the
atrium between coronary sinus and His bundle into three regions: anterior, medi-
um, posterior) in the posterior region of interatrial septum. If unsuccessful the
ablating catheter was progressively positioned towards the anterior region.
Williamson performed modulation in patients with AF, and Brignole in patients
with sinus rhythm. Brignole’s end point was a reduction of average AF rate lower
or equal to 80/min or lower or equal to 120/min during isoproterenol infusion.

Della Bella [16] performed modulation in 14 patients, 6 of them with sinus
rhythm, 6 with atrial flutter or atrial tachycardia, and 2 with AF. He used an elec-
trophysiological approach: for patients with sinus rhythm he employed the search
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for the potential as described by Jackman [17] to selectively ablate the slow path-
way in patients with AVNRT and RF was applied in the low posterior region of
interatrial septum slightly anterior to the coronary sinus os.

Induction of junctional rhythm with fast retroconduction was considered as a
criteria for efficacy. In patients with atrial flutter or atrial tachycardia the same
area was mapped searching an atrial rapid potential to show the possible posteri-
or site of application at the base of the triangle of Kock. In 2 patients with atrial
flutter, modulation was performed with an anatomical approach anterior to the
coronary sinus os 1 cm - 1.5 cm below His bundle where the largest atrial activity
could be recorded. An initial increase followed by a sustained lowering of ventric-
ular rate after the application was considered an indication for slow pathway
ablation. End point was the lowering of WP < 120/min.

More recently, Chen et al. [18] have evaluated modulation in 50 patients with
paroxysmal AF, comparing RF application on the slow pathway in 2 groups of
patients (with or without atrioventricular nodal dual pathway). These authors
divided each of the 3 regions of interatrial septum between His bundle and coro-
nary sinus os (anterior, medium, posterior) into 2 subregions (three for the posteri-
or region including coronary sinus os). They applied RF to Group 1 patients
(absence of AV nodal dual pathway) with AF, under isoproterenol infusion, from
the posterior region up to the midregion in case no reduction of mean AF rate to
120/min or 75% was obtained. In Group 2 (presence of AV nodal dual pathway)
they applied RF in sinus rhythm with the purpose of selectively eliminating the
slow pathway. End point was the same as in Group 1. Once the AF was induced, if
average rate was lower than expected, a second modulation with Group 1 protocol
was performed.

If the procedure was unsuccessful, AV junction ablation was performed in
both groups and life-long pacemaker was implanted.

As to our experience we performed AV junction modulation with RF in 11
patients (7 female, 4 male) mean age 65 + 9 range 56-71 with heart disease (2
hypertension, 5 dilated cardiomyopathy, 3 valve disease, 1 mitral valve prolapse), (8
with chronic AF, 2 with paroxysmal AF and 1 with atrial tachycardia). All patients
reported poorly tolerated palpitations. Maximum AF frequency recorded by Holter
monitoring ranged from 140 to 210/min. If modulation was unsuccessful, all
patients should have undergone junctional ablation and pacemaker implantation.
The modulation technique consisted in performing RF with an anatomical
approach starting from the posterior region of interatrial septum opposite the
coronary sinus os and progressively going up the midregion 1-1.5 cm below the His
bundle if no modification of AF mean rate lower than 100/min was achieved. In 2
sinus rhythm cases, ablation of slow pathway was selectively searched by applying
an electrophysiological and anatomical approach and searching for the potential
described by Jackman at the base of the Kock triangle. Ablation was successful
when WP was lowered < 120/min. If unsuccessful, the catheter was shifted to a pro-
gressively anterior position and application of RF was performed anatomically. If
still unsuccessful, junctional ablation was performed.
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Results

In the study by Williamson AV junction modulation was achieved in 89% (17/19)
of patients; in one patient an inadvertent AV block was obtained, and in another,
since RF was unsuccessful, an AV block was deliberately provoked. The number of
RF applications for modulation was 11 (from 3 to 27). Three patients with effec-
tive modulation had a total AV block within 3 days, so RF was considered effec-
tive in 74% (14/19). In the 8-month follow-up only one patient relapsed in the
symptoms. Another patient died suddenly during sleep 5 months later. In order to
understand these data correctly, it must be pointed out that patients had chronic
AF and most of them had heart disease.

In patients with chronic AF, electrophysiological modification induced by RF
could not be evaluated, and in patients with heart disease the results could not be
of use for patients without heart disease, or with mild heart disease.

In the report by Brignole modulation was successful only in 25% (5/20). This
unsatisfactory result, however, is probably due to the adopted criteria of effective-
ness (mean AF rate < 80/min or 120/min during isoproterenol infusion). On the
whole, a successful result was achieved in 50% (10/20).In 3 patients (15%) an inad-
vertent total AV block was obtained. It is important to consider that in the follow-up
(ranging from 3 to 15 months) one of the patients with effective modulation still
referred invalidating symptoms as he had a mean AF rate of 70/min. For this reason
he underwent AV junction ablation and life-long pacemaker implantation. Another
one had a second-degree AV block requiring pacemaker implantation as well.

In the study made by Feld, effective modulation was achieved in 70% of
patients by applying RF during a mean of 17 applications (range 2-34); 2 patients
had inadvertent total AV block. During follow-up (14 + 8 months) all successfully
modulated patients were symptom-free; only one patient had a relapse of high
frequency AF controlled through drug therapy.

Della Bella obtained a successful modulation in 87% of patients, a mean of 11
* 4 applications. No patients had an inadvertent AV block. In two patients with
RF ineffectiveness a total AV block was provoked and subsequently a pacemaker
was implanted. During follow-up (mean 5.8 months, range 2-18 months) three
patients had a recurrence of palpitations also during low frequency AF. Before RE,
these patients had presented with syncope and pulmonary edema.

Chen obtained a successful modulation in 85% (34/40) of patients without a
behavior of atrioventricular nodal dual pathway (Group 1) and in 60% (6/10) of
patients with atrioventricular nodal dual pathway (Group 2).

In Group 1 RF was ineffective in 4 patients and provoked a total AV block in 2
patients. In 8 patients with effective modulation transient AV block was obtained,
one of them later developed an AV block 2:1 with pacemaker implantation. Short-
term efficacy was therefore of 82.5% (33/40). It can be pointed out as in this
group there exists a close inverse relationship between mean rate of AF and
increase of AH interval of Wenckebach cycle and effective refractory period of AV
node. During follow-up (14 + 8 months) no AV blocks appeared and on the
whole, after a new modulation with RF in 3 out 4 unsuccessful cases, a success of
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90% (36/40) was achieved. It is relevant to observe that in 4 unsuccessful patients
of Group 2 there existed a peculiar behavior of basal AV node refractoriness with
small differences between fast and slow pathways.

During follow-up, Group 2 patients with successful modulation did not have
recurrence of symptoms. Patients with unsuccessful modulation who still report-
ed symptoms underwent a second successful procedure performed with the tech-
nique of Group 1. Thus all Group 2 patients were asymptomatic after successful
modification of the AV junction, without an antiarrhythmic drug, after elimina-
tion of slow pathway or further modification of the AV junction during a follow-
up period of 15 £ 7 months.

In our experience modulation was effective during the procedure in 45%
(5/11) patients. In three patients a transient total AV block was present, which dis-
appeared completely after few minutes, therefore modulation was effective. Short-
term success was achieved in 73% (8/11) patients. In two patients, one in sinus
rhythm and the other with chronic AF, RF was ineffective since it failed the end
point. The patients with AF underwent AV junction ablation and pacemaker
implantation after procedure. Patient in sinus rhythm underwent junctional abla-
tion and pacemaker VVIR implantation after 5 months and inefficacy of drug
therapy in controlling ventricular rate. During follow-up (mean 3 months; range
1-31 months) no AV block was documented. Two patients (the one with AT and
the one with AF) still referred palpitations even if mean ventricular rate was
lower than 100/min. They underwent AV junction ablation and life-long pace-
maker implantation with disappearance of symptoms.

Which End Point

The anatomical structure of AV junction is well known [19]. It is made up of a
roughly triangular region called triangle of Kock. The AV node is to be found
inside this region with the compact AV node proximal to the apex of the triangle
relating to the tendon of Todaro, the central fibrous body and the tricuspid valve
septal leaflet. Around the compact AV node there exists a transition zone with
two inputs:

1) The anterior input, near the apex of the triangle of Kock

2) The posterior input, near the coronary sinus ostium.

Less known is the correct function of AV junction. The nodal dual pathway
behavior in patients without AVNRT suggested the hypothesis that the existence
of two access pathways (fast and slow pathway) to AV junction could be the physi-
ology of the normal heart [20]. This behavior is absent when one of the two path-
ways is poorly developed or the electrophysiological properties of both are simi-
lar (same refractoriness) [12, 13].

During AF several factors contribute to determine the electrophysiological
properties of AV node. They include concealed conduction, impulse sommation,
atrial impulse irregularity, electrotonic modulations, local reentries, nodal cells
automatic activity [21]. However the high ventricular response seems to be
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dependant on the conductive capacities of AV node and in particular AV node
EPR, AV node functional refractory period and shortest atrial pacing cycle length
associated with 1:1 conduction [22].

Modulation through anterior approach on the fast pathway also results in dam-
age to a compact AV node with lengthening of AH interval and a large number of
inadvertent AV blocks during both application and follow-up [9]. After slow path-
way ablation in patients with AVNRT an increase of ERP and WP of AV node can
often be observed. In such cases the mean rate of induced AF shows a significant
reduction before and after ablation [12, 13]. This type of approach seems to be
preferable because RF is applied far from the compact AV node. However some
points must be considered. The slow pathway ablation is likely to be effective in
controlling AF mean rate, and consequently the symptoms, when there is a relevant
difference of refractoriness between the two pathways with long ERP of fast path-
way. In the other cases slow pathway ablation may be insufficient to control fre-
quency. This happens particularly in patients with ERP or short WP of the path-
ways or absence of behavior of nodal dual pathway and EPR and short WP of AV
node. In fact, applications were often repeated with progressively anterior shifting
of the ablating catheter in the transition zone proximal to compact AV node.

Actually, in all studies where ablation is performed with posterior approach
inadvertent AV blocks were observed. To obtain the expected end points (mean
AF rate lower to basal 100/min or 120/min during isoproterenol infusion or WP
lower to 140-120/min) a larger number of applications of RF and lesion enlarge-
ment involving midseptal zone are often necessary. It may be that, in such cases it
is possible that not only the slow pathway but also the perinodal atrium, the tran-
sition zone and part of compact AV node are involved. Actually, in some patients
the AH interval after RF is lengthened.

In patients where RF is performed in AF and therefore a prevailing anatomi-
cal approach is used, it is difficult to find a target so that neither a correct electro-
physiological end point can be evaluated or lesions be graded.

Moreover, during follow-up some patients with controlled mean rate still
report symptoms, since modulation is not able to eliminate irregularities in RR
cycle [23]. For this reason it is difficult to single out these patients in whom mod-
ulation is effective. In patients with paroxysmal AF or in patients with heart dis-
ease and/or heart failure, there are not enough evaluations during physical effort
when modulation is effective. Moreover a complete evaluation of the methodolo-
gy is not possible yet because no adequate case histories and follow-up are avail-
able to correctly evaluate late AV blocks or symptomatic recurrences.
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Heart Failure Patients with Atrial Fibrillation:
How Important Is It to Regularize Ventricular Rhythm?

P.E. VARDAS, E.N. SIMANTIRAKIS AND E.G. MANIOS

Introduction

Atrial fibrillation is the arrhythmia which is most frequently encountered in clin-
ical practice and has a particularly high incidence in the elderly and in patients
with organic heart disease. The classical treatment of this arrhythmia involves
restoration of sinus rhythm, control of the ventricular rate and prevention of
thromboembolic events. Recently, however, there has been a systematic evalua-
tion of the probable hemodynamic and clinical benefit of regularizing the ven-
tricular rhythm in patients with chronic atrial fibrillation in whom the restora-
tion of sinus rhythm is deemed to be impossible.

It is well known that, in patients with chronic atrial fibrillation, apart from
the loss of the atrial contribution to left ventricular filling, the continuous varia-
tions in the cardiac cycle also play a significant role in the reduced cardiac per-
formance [1-3]. Furthermore, most of these patients have an inappropriate
chronotropic response during exercise testing [4]. Recent clinical studies based
on these observations have shown that regularisation of the ventricular rhythm,
through ablation of the atrioventricular junction and implantation of a perma-
nent VVIR pacemaker [5-7],1leads to an increase in both cardiac output and exer-
cise capacity, with a consequent improvement in the patient’s quality of life, espe-
cially in the case of patients with compromised left ventricular function. This
technique has so far been used in cases where the ventricular response could not
be controlled with drugs or in cases of tachycardiomyopathy [8-12]. However, the
recognition of the importance of the regularisation of the ventricular rhythm is
likely to lead to the application of the method to patients with chronic atrial fib-
rillation and normal ventricular response.

Data from Experimental and Clinical Studies

Although the negative effect of an irregular ventricular rhythm on cardiac per-
formance was proved long ago, mainly by experimental animal studies [3] but
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also by clinical studies in humans [1, 2], only recently there has been any investi-
gation into the effects of regularisation of the ventricular rhythm on ventricular
function and the patient’s quality of life. In 1993 Naito et al. [3] reported their
findings concerning the effects of an abnormal ventricular rhythm on cardiac
output in dogs with complete atrioventricular block. They found that ventricular
pacing which caused an abnormal ventricular thythm led to a 9% reduction in
cardiac output, compared with ventricular pacing at the same rate but with equal
R-R intervals. Moreover, they demonstrated angiographically that mitral regurgi-
tation appeared during pacing with the irregular rhythm but disappeared during
pacing with regular beat to beat intervals. Daoud et al. [6] were the first to exam-
ine the hemodynamic effect of regular and irregular ventricular pacing at identi-
cal average heart rates in patients with atrial fibrillation and complete atrioven-
tricular block. They studied 11 patients with atrial fibrillation and mean ejection
fraction 0.46 £ 0.11. After radiofrequency ablation of the atrioventricular junc-
tion they measured the cardiac output (Fick method), pulmonary artery pressure
and wedge pressure during regular and irregular ventricular pacing from the
right ventricular apex with the same mean pacing rate. They found that at mean
cycle lengths of both 750 ms (80 bpm) and 500 ms (120 bpm) irregular pacing
caused a 12% reduction in cardiac output. The results of this study suggest that
an irregular ventricular rhythm, independently of rate, has deleterious effects on
myocardial function.

Natale et al. [5], in a recent prospective study, examined the impact on ventric-
ular function and quality of life of atrioventricular nodal ablation in chronic atri-
al fibrillation with a normal ventricular response. The study involved 14 patients
with an average heart rate per hour > 60 and < 100 bpm on a 24-hour Holter
recording. Ten of the 14 patients had structural heart disease (9 ischemic car-
diomyopathy, 1 dilated cardiomyopathy) and none were taking antiarrhythmic
medication. The ejection fraction and fractional shortening were measured
echocardiographically before ablation and pacemaker implantation, and again
one month and 12 months afterwards. At the same time the patients’ physical
functional capacity was evaluated, based on a self-administered customised ques-
tionnaire. The authors found that the mean ejection fraction increased signifi-
cantly after ablation, from a mean value of 30 = 11% before the procedure to
38.7 £ 10.8% at one month (p < 0.001). This improvement remained stable after
12 months of follow-up, with a mean value of 39 £ 12%. The fractional shortening
also increased significantly, from 24 + 7% before ablation, to 29 + 7% at one
month (p < 0.001) and the change was still stable after 12 months (28 + 7%).
There was also a significant improvement in most of the symptoms and quality of
life scores after ablation and at 12-month follow-up. NYHA class decreased from
2.6 £ 0.8 to 1.6 + 0.4 at one month (p < 0.001) and remained stable over time. The
authors concluded that a chronic irregular heart rate alone could produce an
overall reduction in cardiac function that can be reversed by atrioventricular
nodal ablation and pacemaker implantation. This procedure could represent a
more appropriate therapeutic modality over treatments targeting rate control,
particularly in patients with left ventricular dysfunction. In a recent presentation
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by Natale et al. at the 1997 ACC meeting [7], the authors reported that, in patients
with chronic atrial fibrillation, discontinuation of “effective” therapy for rate con-
trol (B-blockers, Ca** antagonists, digoxin) followed by atrioventricular nodal
ablation and pacing seems to improve the quality of life and symptom severity, as
well as left ventricular function. In this study the authors did not find any differ-
ence between the exercise duration and VO, max before and after ablation.

The results from a recent study (still in progress) in our own department con-
firm the findings of the above investigators, while establishing the importance of
the restoration of the patients’ chronotropy during exercise. This study involved
10 patients, aged 71 + 5 years, with NYHA Class II or III heart failure and chronic
atrial fibrillation with resting heart rate between 60 and 100 bpm. The patients
were taking no antiarrhythmic medication apart from digitalis. All patients
underwent radiofrequency catheter ablation of the atrioventricular junction and
implantation of a permanent VVIR pacemaker. One day before and one month
after the ablation, ejection fraction was measured echocardiographically and a
symptom limited exercise test (Naughton) with breath-by-breath gas exchange
analysis was carried out to determine oxygen consumption at peak exercise and
at the anaerobic threshold. The importance of the procedure to the patients’ qual-
ity of life was evaluated using a special questionnaire. We found that ejection
fraction increased significantly, from 35 * 9% before to 42 + 7% after the proce-
dure (p < 0.01). The ergospirometric parameters also improved significantly after
the atrioventricular junctional ablation. Oxygen consumption increased from
15.6 £ 0.8 to 17.8 + 0.9 ml/kg/min (p < 0.01) at peak exercise and from 12.3 £ 0.7
to 14.9 + 1 ml/kg/min (p < 0.01) at the aerobic threshold. According to the ques-
tionnaires there was a significant improvement in quality of life and a decrease in
the severity of symptoms.

It should be noted that our findings regarding the improvement in the
patients’ exercise performance differ from those of Natale et al. However, our
patients all had heart failure and were not taking any B-blockers or Ca** antago-
nists before the ablation. Furthermore, their exercise tolerance was assessed by
cardiopulmonary stress testing with breath-by-breath analysis of respiratory
gases, whereas it is not clear from the study by Natale et al. what the functional
status of the patients was or how the the VO, measurements were obtained.

Pathophysiological Mechanisms to Explain the Reduced Cardiac Performance Associated
with an Irregular Rhythm

Although the precise underlying mechanism for the reduction in cardiac output
associated with an irregular rhythm has not been well established, the following
mechanisms have been implicated:

1) During irregular rhythm ventricular filling varies on a beat-to-beat basis. This
variation influences the intensity of cardiac systole via the Frank-Starling
mechanism and the interval-force relation [13]. It is therefore likely that the
reduction in ejection fraction which is observed in very short cardiac cycles
(short R-R intervals) is not sufficiently compensated for by the increase in
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ejection fraction during the long cardiac cycles (long R-R intervals) which fol-
low.

2) The irregularity may cause a reduction in cardiac output via neurohormonal
and vasculokinetic changes [14]. An irregular rhythm probably entails
increased levels of natriuretic peptide compared with a normal rhythm,
because of greater variation and higher peaks in atrial pressure. The increased
secretion of natriuretic peptide, in turn, causes venous and arterial dilation
and vagally mediated inhibition of cardiac sympathetic input. However, other
mechanisms, such as the stimulation of atrial vasoinhibitory reflexes or an
increase in parasympathetic tone, may also be responsible for the reduction in
cardiac output during the irregular rhythm.

3) Another mechanism through which an irregular ventricular rhythm might
cause a reduction in cardiac output is inefficient ventricular mechanics [2]. It
is probable that abrupt changes in cycle length have a direct effect on myocar-
dial contractility. Also, short R-R intervals may result in incomplete ventricu-
lar mechanical restitution, wasted ventricular energy during inadequate ven-
tricular filling and a reduction in diastolic filling time, which leads to reduced
coronary flow.

4) Mitral regurgitation as a consequence of irregular rhythm may contribute to
the adverse hemodynamics [3].

At this point, it should be noted that a high percentage of patients with chron-

ic atrial fibrillation show disturbances of chronotropy during exercise [4].

Ablation of the atrioventricular node and the implantation of a rate responsive

pacemaker with suitable programming of the sensor parameters leads to an

improvement in chronotropy in these patients and is thus likely to improve exer-
cise capacity as well. However, it is not known whether the increase in exercise
capacity we observed after atrioventricular junction ablation and implantation of

a VVIR pacemaker is due mainly to the improvement in cardiac output or to an

improvement in the previously pathological chronotropy in these patients.

Procedure-related Side Effects

Even though the findings of existing studies demonstrate that regularisation of
the ventricular rhythm has a beneficial effect on the left ventricular function and
quality of life of patients with chronic atrial fibrillation, some consideration must
be given to the procedure by which this regularisation may be accomplished, that
is, atrioventricular junction ablation and artificial pacing.

Although the radiofrequency catheter technique is today used almost univer-
sally for atrioventricular junctional ablation and has minimal side effects, a very
small percentage of cases of sudden cardiac death may be associated with the
procedure. On the other hand, it is well known that the abnormal ventricular
sequence resulting from right ventricular apical pacing has a negative inotropic
effect [15] and experimental studies have shown that this kind of pacing, when
applied chronically, could be related to structural myocardial abnormalities [16].
Finally, it must be borne in mind that, following this procedure, most patients
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remain pacemaker dependent and their life thus depends on the reliability of
their pacemakers and pacing leads.

Questions Which Remain to Be Answered

Although regularisation of the ventricular rhythm by ablation of the atrioventric-
ular junction seems to be an attractive therapeutic option, there are still a lot of
questions which must be answered. Studies so far have followed patients for up to
one year and the longer term effects need to be investigated, including whether the
technique leads to an improvement in prognosis and a reduction in mortality.
Secondly, the majority of patients in these studies had left ventricular dysfunction
and it is not known whether other categories of patients could also benefit from
the same treatment. Finally, it should be determined whether biventricular or sep-
tal pacing might be superior to pacing through the apex of the right ventricle.

Conclusions

It is certain that an irregular cardiac rhythm contributes materially to a reduction
in cardiac performance in patients with chronic atrial fibrillation. On the other
hand, regularisation of the ventricular rhythm by catheter ablation of the atri-
oventricular junction and right ventricular pacing is a relatively simple technique
with little risk to the patient. The findings of the first clinical studies, which
mainly concern patients with compromised left ventricular function and heart
failure, are encouraging. However, before the method can become established as a
basic treatment for these patients larger studies, with longer follow-up periods
are needed, as well as studies which address not only cardiac performance and
quality of life, but also patient mortality.
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Catheter Ablation of Atrial Fibrillation:
Where Are We Now and Where Are We Going?
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S.S. BAROLD! AND J. CLEMENTY!

Atrial fibrillation (AF), the most common supraventricular arrhythmia, [1] is
also one of the few remaining challenges for curative catheter ablation tech-
niques. Though AF can be cured by extensive surgical atriotomies placed to
interrupt all potential re-entry circuits without interfering grossly with conduc-
tion of a sinus impulse, these procedures have attendant limitations.

Electrophysiology of Atrial Fibrillation

In 1964, Gordon Moe described the multiple wavelet hypothesis [1] based upon a
computer model and proposed that the following factors - size and mass of the
tissue, conduction velocity as well as refractory periods - all modulated the abili-
ty to sustain atrial fibrillation. The probability of sustenance was proportional to
the number of simultaneous wavelets. Later, experimental data from Allessie et
al. provided evidence of the re-entrant nature of this arrhythmia, with the esti-
mation that only 4 to 6 simultaneous wavelets were sufficient to maintain AF in
their model [2]. Intraoperative mapping studies from Cox’s group confirmed the
fleeting nature of wavelets both in time and location, precluding the use of map-
ping to guide ablative surgical therapy [3].

In contrast, however, spatial disparities of complex electrical activity have
been reported recently in both atria during AF. Li et al. reported a disorganization
of atrial electrograms on the posterior wall in both atria (“type III AF”) which
reorganized anteriorly towards a type I AF [4] while Jais et al. found that trabecu-
lated regions in the right atrium exhibited temporally less frequent complex elec-
trograms in comparison to the smooth walled region extending till the crista ter-
minalis. In particular, electrograms recorded from the majority of the left atrium
were complex except near the appendage - again a trabeculated region (Fig. 1).

Shah et al. explored the electrical activity of great veins derived from atrial
muscle fibers in the venous walls. A spike like activity recorded from the superior
vena cava was dissociated in 14 patients and followed the right atrial activity in
one out of 15 during AF [6]. In contrast, activity in the pulmonary veins (notably
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Clustering of triggering foci in the pulmonary veins
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Fig. 1a,b.a A diagrammatic representation of the distribution of tachycardia foci in both
atria. RA, right atrium; LA, left atrium; S, interatrial septum; SVC, superior vena cava; IVC;
inferior vena cava; FO, fossa ovalis; CS, coronary sinus; PV, pulmonary vein. Note the promi-
nent clustering around the left superior pulmonary vein. b Schematic diagram of both atria
in the posterior view. The duration of complex activity (either continuous electrograms or
FF intervals < 100 ms) assessed over 60 seconds is expressed as a percentage (+ SD)

the superior ones) could be recorded up to 5 cm inside and could track the left
atrial activity at a high rate thus indicating a better coupled interface with the LA.

Experimental Studies of Substrate Ablation

Most experimental studies have been performed in dogs with the limitation of
the small size of the atria rendering induction of fibrillation more difficult and
more importantly, making termination easier (i.e. with smaller lesions) - and
therefore hampering extrapolation to the clinical context. Linear anatomically
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based atrial lesions mainly have been shown to reduce the inducibility and dura-
tion of atrial fibrillation with success rates varying from 57% to 100%. Data from
these studies suggest a possible role of the particular AF model in determining
the efficacy of ablation targeted on a specific atrium. Ablation in the right atrium
seems sufficient in either normal dogs or those with sterile pericarditis while
ablation in the left atrium seems to be required in the rapid pacing and mitral
regurgitation models [7]. Some results support the concept of using electrophysi-
ologic data to guide atrial ablation (in contrast to the surgical strategy employed
for the Maze procedure) as indicated by successes in targeting preferential
regions of disorganization during AF [4, 8] or Bachman’s bundle in the sterile
pericarditis model. One relatively consistently described feature has been the
“proarrhythmic” effects of discontinuous lesions and lesions in certain locations
resulting in the induction of “new” atrial flutters.

Despite recent developments of different animal models of AF, there is no cur-
rently available in vivo model with a reproducible and spontaneous initiation of
AF to allow study of triggering events. Nevertheless, foci of ectopic activity are
considered either rare or occurring as solitary (non repetitive) events [2].

Clinical Studies
Results of Ablation Using Linear Lesions

Two case reports in 1994 demonstrated the feasibility of catheter ablation of AF in
humans. Lesions restricted to the right atrium were successful for a patient with
paroxysmal AF [11] using a multiple electrode catheter, whereas in the other
report, a catheter based biatrial Maze procedure was performed in a patient with
chronic AF [12].

The efficacy of ablation limited to the right atrium (RA) was subsequently
assessed in 45 patients with daily paroxysmal AF [13]. Three groups of 15 patients
each underwent increasingly complex lesion patterns in the right atrium.
Ablation led to stable sinus rhythm during the procedure in 18 patients (40%) but
non inducibility of AF using burst pacing was achieved in only 5 patients (11%).
Final success rates with all three types of lesion patterns were similar- 13% with-
out drug to 40% in combination with antiarrhythmic drug therapy (Fig. 2). No
factor predictive of success using right atrial lines was recognized [13]. In view of
these unimpressive success rates, the combination of a single right septal line
with a simplified rectangular ablation schema was implemented in the left atrium
with significantly improved results. The length of lines is minimized by joining
fixed anatomical structures, except in the roof to avoid isolation of the posterior
left atrium (Fig. 2). In a series of 32 patients, stable sinus rhythm was obtained in
29 patients and sustained AF was rendered non inducible in 24 (75%) at the end
of the ablation session. Two ablation sessions were usually performed because
most patients developed left atrial flutters a few days after the first session. When
restudied, these patients did not have evidence of a conduction block across the



Catheter Ablation of Atrial Fibrillation: Where Are We Now and Where Are We Going? 75

Fig.2. Results of AF ablation in 69 patients: 45 patients only ablated in the right atrium and
the initial 32 patients ablated using a biatrial approach. The creation of ablation lines is
minimized by the use of barriers between structures of fixed anatomic block: superior to
inferior vena cava via the fossa ovalis and isthmus ablation in the right atrium; both supe-
rior pulmonary veins to mitral annulus via the inferior veins

ablation lines (wide split potentials) in contrast to the immediate post ablation
study. New energy applications were required to fill in the gaps and produce con-
tinuous and transmural lesions in order to interrupt flutters. The success rate was
87% but half of the patients still required adjuvant antiarrhythmic drug therapy
(Fig. 2). The failures manifested mainly as recurrences of left atrial flutter.

Ching Man et al. [14] have also recently performed right atrial ablation in 12
patients with paroxysmal AF and the results are largely concordant with only 3
patients improved.

In a series of 34 patients with chronic AF, Swartz et al. [12] achieved a success
rate of more than 80% with a progressively modified biatrial ablation schema
with most patients being free of drug therapy. The linear applications were
repeated several times to ensure the achievement of a conduction block. The pro-
cedures were prolonged and performed under general anesthesia and two
patients developed an embolic cerebrovascular accident.

Focal Mechanisms

In contrast to the studies summarized above, a small and uncommon group of
patients have been described who have the surface ECG features of atrial fibrilla-
tion produced by a very fast and irregular “focal” atrial tachycardia [15]. These
patients are young and without structural heart disease. Depending on the focus
rate, the ECG tracings exhibit AF or monomorphic atrial tachycardia or extrasys-
toles. The arrhythmia can be eliminated by local ablation - frequently in or near
the ostia of great veins (Fig. 3).

Similarly in patients undergoing linear ablation for paroxysmal atrial fibrilla-
tion, the organization of atrial activity shortened or prevented episodes of AF
allowing the unmasking of foci of extrasystolic activity which were triggers of
episodes of AF before ablation. This is as yet an unreported finding and these foci
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Fig. 3. Interruption of a focal atrial fibrillation during RF delivery. The focus originated
from the right inferior pulmonary vein

manifest as isolated runs of extrasystoles or trigger bouts of AF. They are detected
in at least one third of patients and originate again in or near the ostia of pul-
monary veins (Fig. 1). Therefore, the left atrium appears to be both the most vul-
nerable substrate as well as the main feeder of triggers for AF (Fig. 1). The recog-
nition and ablation of such foci associated to linear ablation is strongly predictive
of a successful clinical outcome.

Safety Profile and Complications

Ablation in the right atrium may inadvertently involve the sinus node complex or
the AV node. Such injury can be suspected earlier in sinus rhythm rather than
during AF (because of an automatic rhythm or bradycardia) and therefore mini-
mized by stopping RF delivery immediately. While the clinical data to date has
indicated the relative safety of quite extensive ablation in the right atrium, the
same cannot be said of left atrial ablation which is the main target for AF abla-
tion. Strict anticoagulation (PTT = 2-3 times the control value) and temperature
controlled RF output (50°C-55°C) are mandatory in order to prevent embolic
events; nevertheless, despite such precautions, strokes have occurred. On the
other hand, the risks of manipulating stiff catheters within thin-walled atria are
always present, and accordingly hemopericardium/tamponade was a potential
complication which occurred in 3 patients in our series. The organization of atri-
al activity by linear ablation may result in “new” atrial arrhythmias or render
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existing arrhythmias more frequent or more prolonged. This is presently the main
obstacle to wider application of AF catheter ablation - e.g. to patients with dis-
abling but infrequent episodes of arrhythmia. These new re-entrant atrial tachy-
cardias, account in great measure for repeat or prolonged sessions in the electro-
physiologic laboratory and in our experience are due to persistent gaps in the
ablation lines chiefly because of the lack of suitable linear lesion making catheters.

Catheter Technologies to Create Linear Ablation

Two main approaches to endocardial catheter ablation of AF are being pursued:
either the catheter drag technique with or without a guiding sheath, or the use of
multielectrode catheters. Whatever the technique, the following steps are required
to create linear lesion: (1) positioning catheter to desired locations, (2) ensuring
adequate tissue contact all along the electrode surfaces, (3) delivering enough
energy (with temperature control) to create lesion continuity and transmurality
and (4) checking linear conduction block.

Some authors have suggested the possibility of assessing placement, tissue
contact and lesion size using intracardiac echo guidance [10]. Also the in vivo
assessment of the achieved lesions in terms of continuity and transmurality has
involved correlation with electrogram changes (amplitude and dv/dt), pacing
thresholds and altered activation sequences as well as altered echo characteris-
tics. We found that the simple recording of electrograms along the line after abla-
tion (with orthogonal spontaneous/paced atrial activation) is reliable in predict-
ing linear block on the presence of double potential separated by isoelectric inter-
val. A gap on the line is indicated (Fig. 4) by a local single or triple continuous
electrogram straddling the adjacent double potential interval [13, 16, 17].

Technical means of achieving linear transmural continuous lesions intended
to modify the atrial substrate with maintained safety standards are being
explored. Different configurations of multiple ring electrodes, coils, ribbons and
balloons or different sources of energy are under investigation - some with addi-
tional features such as phased or simultaneous multielectrode energy delivery.

A number of techniques include an irrigation system that cools the distal tip
to minimize the risk of coagulum both on the electrode and endocardium, whilst
still allowing the delivery of higher powers. We assessed the efficacy and safety of
a dragging technique with high power delivered through an irrigated tip catheter
in 10 anesthetized animals (4 dogs, 6 sheep). RF current was applied during sinus
rhythm to create a continuous line using a 4 mm tip (Sprinklr, Medtronic Inc.)
ablation catheter. A single passage was performed point by point along a prede-
termined course (50 W at each point with 4 incremental RF durations). The
catheter was withdrawn a small distance under fluoroscopy after each application
in order to ensure lesion continuity. The following results were obtained: ten lines
were performed in the right atrium and 6 in the left atrium after transeptal
catheterization. A mean of 10 + 3 RF applications lasting 20 s (4 lines), 40 s (6),
60 s (3), 90 s (3) was delivered. Most lesions were transmural in the free wall with
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Fig. 4. Electrograms recorded from the left atrium (LA) along the line between the right
superior pulmonary vein (RSPV) and the mitral annulus (bipole 13-14 and unipolar elec-
trogram 14) after ablation. Double potentials are recorded during sinus rhythm at five
bipoles; however a single electrogram (arrow) at the bipole 9-10 indicates a gap in the line

little endocardial alteration. One septal lesion extended non transmurally into the
ascending aorta. No line was fully continuous and the lesions varied from multiple
discrete punctate ones to large and discontinuous linear segments (up to 3 cm).
Four pops (3%) were recorded (catheter entrapped), all after 40 s or more of RF
application. No coagulum was found except in 3 trabeculated sites (2%). Three endo-
cardial craters were noted only at the sites where pops occurred. Acute macroscopic
examination of the heart showed there was no hemopericardium attributable to RE

Therefore, high RF energies delivered through an irrigated 4 mm tip catheter
are relatively safe on acute evaluation with a low incidence of coagulum forma-
tion. However, a single drag line is unable to create a linear lesion and several pas-
sages seem to be required to create a continuous transmural line.

Conclusion

Curative catheter ablation of AF is feasible and successful; particularly when a
focal mechanism for AF is identified or when linear ablations are performed in
the left atrium. The success rate reaches 87% in patients with paroxysmal AF
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using a biatrial ablation schema. Arrhythmogenic foci play a significant role in
human AF. They manifest as extrasystoles which can be mapped and ablated.
The procedures intended to modify the atrial substrate are prolonged because it
is difficult with current technology to consistently achieve a linear conduction
block. The challenge remains to perfect this technique before envisaging wider
application.
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ATRIAL FIBRILLATION:
INTERNAL DEFIBRILLATION



Restricted or Expanded Indications for Low-Energy
Internal Cardioversion?

M. SANTINI, C. PANDOZI, G. GENTILUCCI AND M. VILLANI

Atrial fibrillation is a very common and potentially dangerous cardiac arrhyth-
mia [1-4]. A 5-fold embolic risk in the non-rheumatic atrial fibrillation and 18-
fold risk in the rheumatic group has been ascertained [5] and full anticoagula-
tion is frequently recommended in patients with atrial fibrillation [6-8]. Further-
more the loss of atrial contraction can cause a significant hemodynamic deterio-
ration [9, 10]. Restoration of sinus rhythm seems therefore to be advisable.

In patients with atrial fibrillation, sinus rhythm can be restored by direct-cur-
rent external cardioversion or by means of antiarrhythmic drugs given intra-
venously or orally [11]. High energy internal cardioversion has also been used in
patients refractory to external atrial defibrillation [12,13].

More recently, low-energy internal cardioversion has been developed and
proposed as an alternative to transthoracic cardioversion [14-16] in patients with
either paroxysmal or persistent atrial fibrillation. In this paper we report our
experience with low-energy internal cardioversion in patients with persistent
atrial fibrillation. The analysis of our results may help to select the indications
for the procedure in patients with atrial fibrillation.

Methods

Sixty-four patients affected by persistent atrial fibrillation, who were candidates
for transthoracic cardioversion or who had already been unsuccessfully submit-
ted to transthoracic cardioversion, were included in the study.

All the subjects were submitted to full oral anticoagulation during the last
three weeks.

Oral anticoagulants were discontinued three days before the procedure and
were generally replaced with heparin that was stopped 6 hours before and
restarted 6 hours after the procedure. Oral anticoagulation was restarted after
the cardioversion and was continued at least for the following 30 days. Heparin
infusion was stopped completely when therapeutic INR values (2.5-3) were again
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achieved. The minimum INR safe value, checked immediately before the invasive
procedure, was considered to be 1.5.

Three intracavitary temporary leads were used in each patient. Two 6F cus-
tom-made large-active surface area catheters (Elecath Inc., Rahway, NJ, USA)
were used for the shock and one USCI tetrapolar lead (Bard-USCI Inc., MA, USA)
for ventricular synchronization. The first Elecath lead (cathode) was positioned,
under fluoroscopic control, in the distal part of the coronary sinus in order to
embrace as much as possible of the left atrium. In 5 patients, because of the
impossibility to cannulate the coronary sinus, one Elecath lead was positioned in
the left pulmonary artery. The second Elecath lead (anode) was positioned in the
high right atrium paying attention to keep the electrodes in contact with the atri-
al wall. The quadripolar lead was positioned in the right ventricular apex for ven-
tricular synchronization (Fig. 1).

The coronary sinus (or pulmonary artery) catheter was inserted by the
femoral approach in 58 patients and by the subclavian in 6, while the femoral
approach was always utilized for the ventricular and atrial leads. All the catheters
were connected to a Teletronics Guardian implantable defibrillator. The defibril-
lator was used manually and not automatically.

A truncated, biphasic (3ms+3ms), exponential waveform was used [17,18] .

In 49 patients (group 1), beginning from 50-volts the voltage was increased
progressively by 50 volt steps until the restoration of the sinus rhythm was
obtained. All shocks were separated by an interval of at least one minute.
Impedance, voltage, and both total and delivered energy of each shock were
automatically measured by the device.

Fig. 1. Catheter positions in the 30° right (right side) and left (left side) anterior oblique
views before a low-energy endocavitary shock. The two decapolar large active surface
catheters are positioned in the coronary sinus and in the right lateral atrial wall, respec-
tively. The tetrapolar USCI catheter positioned in the right ventricular apex is used for R-
wave synchronization
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In 15 patients (group 2) a single shock of energy approximating the ADT was
given. (350 V, 7.7 J); a second 400 V (9.9 J) shock was given if sinus rhythm was
not restored.

Continuous ECG recording was performed during the procedure. All the
shocks were delivered synchronized on the R wave. The shock was considered
successful if atrial fibrillation stopped either immediately or within 30 seconds.

After each shock the patients were asked to grade the degree of discomfort
they felt, giving a score from 1 to 5 (1=not felt; 2=felt without discomfort; 3=mild
discomfort; 4=moderate discomfort; 5=severe discomfort). In the first five cases
sedation (diazepam 5 mg i.v.) was g:ven routinely, immediately before the
sequence of shocks. In the other cases the drug was administered only if necessary.

In all the patients an ECG was rec.'rded every 6 hours for three days after the
procedure. Patients were seen at 1, 2, 3 and 4 weeks after the procedure for ECG
and physical examination. After this period they were seen every month. Patients
were asked to come to the hospital for an additional control as often as symptoms
recurred.

Results

Sixty-four patients were submitted to low-energy internal cardioversion. Their
mean age was 63.1+11.0 years (range 40-82 years), 40 of them were male, the
mean body weight was 77.2+13.3 Kg, the mean height was 169.3+£9.0 cm and body
surface area was 1.840.3 m2. Four patients had lone atrial fibrillation. The atrial
fibrillation duration, calculated from the time of diagnosis, ranged from 11 to
2920 days (mean 262.4+473.3 days, median 90 days); 51% patients had already
had a previous episode of atrial fibrillation.

The left atrium transverse diameter ranged from 32.1 up to 68.0 mm with a
mean of 47.2+6.4 mm. In 12 patients a previous attempt to restore sinus rhythm
by transthoracic cardioversion had failed. In none of the patients examined and
included in the study were auricular thrombi or spontaneous echocontrast
observed by transesophageal Echo performed the day before the procedure.

The protocol was completed for all 64 patients. To 12 of them a mild sedation
(diazepam 5 mg i.v.) was administered.

Sinus rhythm was restored in all the patients during the defibrillation procedure.

All the shocks were properly synchronized and no ventricular arrhythmia was
induced by the atrial shocks in any of the patients.

No other complication occurred and creatine-phosphokinase rise was never
observed.

In the 49 patients submitted to the step-up protocol (group 1) the mean shock
voltage and energy necessary to restore sinus rhythm were 352.0£80.3 volts and
8.213.4 joules respectively, while the average impedance was 51.0£11.9 ohms. The
mean discomfort score for the successful shock was 3.4+0.8.

In the patients submitted to the single shock procedure (group 2) sinus
rhythm restoration was obtained with the first 350 V shock in 2 out of 15 (80%)
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patients, while the remaining 3 patients required the second 400 V shock. The
mean discomfort score was 2.4 in group 2 (p<0.05 versus group 1).

Follow-Up

The mean follow-up period was 182.5+50.7 days (range 45-290 days). All patients
were treated with antiarrhythmic drugs after the intracardiac cardioversion.

Fourty-three percent of the patients had atrial fibrillation recurrence during
the follow-up period; 71% of them in the first week after the cardioversion and
the remaining 29% during the first month. Atrial fibrillation did not recur in any
of the patients after the first month of follow-up.

Discussion and Conclusions

Transthoracic cardioversion is painful and therefore necessitates general anesthe-
sia [1] which could be avoided if lower shock energies could be used. Our results
demonstrate that persistent, long lasting, atrial fibrillation can be easily converted
to sinus rhythm by a low-energy shock administered inside the heart without
general anesthesia and without any evident dangerous effect for patients’ safety.
In fact, in our study all the delivered shocks were properly synchronized to R-
waves and no ventricular tachycardia was induced [9].

The pain sensation referred by the patients is an important issue related to the
procedure. Although Diazepam was used routinely in the first 5 patients, alto-
gether only 12 of our patients required a mild sedation during the procedure in
order to reduce their discomfort; moreover in none of them were we obliged to
stop the protocol because of the patient’s intolerance. Furthermore we have to
consider that the discomfort created by the procedure performed according to
the research step up protocol (Group 1) which required multiple shocks in order
to define the atrial defibrillation threshold, is greater than that caused by one sin-
gle and efficient shock. In fact in the 15 patients undergoing the single-shock pro-
cedure the discomfort score was significantly lower.

We think that, when complicated and time-consuming research protocols
come to an end, intracavitary low-energy cardioversion should be performed
very simply without anesthesia, giving just one or two shocks at most of a given
energy level which is likely to be successful. Moreover, further modifications of
the shock waveform [20] could lower the atrial defibrillation threshold and con-
sequently reduce patient discomfort and the need for sedation.

In relation to the specific issue of indications to low-energy endocavitary car-
dioversion, at the moment they remain restricted. Low-energy endocavitary car-
dioversion should be considered the treatment of choice for all patients with per-
sistent atrial fibrillation resistant to transthoracic shock, and for those in whom
general anesthesia is contraindicated or hazardous. Low-energy internal car-
dioversion also represents the treatment of first choice in patients with atrial fib-
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rillation induced during electrophysiological studies or ablation procedures, when a
catheter is generally still positioned in the coronary sinus. Furthermore, we think
that, at least in the centers having a high experience with the procedure, intracardiac
low-energy cardioversion could also be proposed as the treatment of choice in
patients with a low success rate with external cardioversion (obese patients, patients
with lung disease). In the future the indications could probably be expanded if the
procedure becomes more simple; this result can be obtained in the following ways:

- using one single lead with two or three separate electrodes in the pulmonary
artery (shock delivering), in the right ventricle (R-wave synchronization) and in
the right atrium (shock delivering).

- using one single lead positioned in the right atrium without fluoroscopy and
confirming the correct position of the lead by transthoracic echocardiography.
The shock could be delivered between the large active surface area atrial lead
and an external patch, using the surface ECG for shock synchronization.
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Internal Atrial Defibrillation: What Are the Effects on
Mechanical Function?

F. R1GO, A. RAVIELE, B. DE PiccoLl, G. GASPARINI, M. RAGAZz0 AND C. ZANELLA

Background

Atrial fibrillation (AF) represents the most common sustained arrhythmia that
occurs in 0.3%-6% of the adult population and increasingly with age, and is there-
fore considered a large burden to the health care system because of direct and indi-
rect costs due to morbidity and mortality rate [1-3]. The principal consequence of
AF is the loss of organized atrial contractions that may have important hemody-
namic effects on cardiac output expecially in those patients with underlying heart
disease in whom the risk of stroke has increased five-fold [4]. Established methods
for converting AF to sinus rhythm include treatment with antiarrhythmic drugs
and application of external high energy shocks. Success rates ranging from 40% to
70% have been described with antiarrhythmic therapy [5]. The reported success
rate for external cardioversion ranges from 61% to 90% [6, 7]. On the other hand, it
is well known that electrical cardioversion may be complicated by cerebral, sys-
temic and pulmonary embolic events in 0.6%-7% of patients undergoing the pro-
cedure [8, 9]. Thromboembolism after cardioversion has been attributed to the dis-
lodgement of preformed thrombus from the left atrium with the resumption of
sinus rhythm and atrial contraction [9, 10]. In the attempt to further reduce the
prevalence of thromboembolic complications after electrical cardioversion, trans-
esophageal echocardiography (TEE) has been proposed as a method of screening
patients for left atrial thrombus before the external cardioversion. This tool has
showed higher values of sensitivity and accuracy in comparison with transthoracic
echocardiography (TTE) in this specific field [11, 12].

TEE in Evaluation of Left Atrial Mechanical Function after Cardioversion

TEE with pulsed-wave Doppler has been utilized for characterizing pattern of
left atrial appendage (LAA) function during AF and after restoring sinus rhythm
[13, 14]. Some studies have demonstrated a significant decrease in the peak
Doppler velocities immediately after successful electrical cardioversion, implying
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reduced left atrial mechanical function [14, 15]. Other observations suggest that the
most significant decrease in LA function results from conversion to sinus rhythm
itself [15, 16]. It has been demonstrated that direct current countershock can give an
“atrial stunning” characterized by a reduced left atrial contribution in ventricular fill-
ing [15], by an increasing of spontaneous echo-contrast or smoke, defined as dynam-
ic intracavitary echoes with a characteristic swirling pattern [15], and by reduced of
left auricolar Doppler velocities [16]. These findings suggest that stunned LAA func-
tion after cardioversion may produce a thrombogenic milieu with a direct conse-
quence of higher risk of systemic embolization after cardioversion [15]. Electrically
induced myocardial tissue damage occurs with electrical cardioversion, which is
believed to be proportionate to the quantity of energy delivered and which may lead
to decreased left ventricular contractility as reported by some [17, 18]. On the other
hand, there are experimental studies on dogs that show an impairment of global
heart function after repeated defibrillation with energies greater than 50 Joules
applied directly to the heart [19]. In our previous experience with intraoperative TEE
during implantation of implantable cardioverter-defibrillator (ICD) we did not find
any significant impairment of left ventricular function, even in those patients with
severe left ventricular dysfunction, probably because we used delivered energy lower
than 34 Joules [20]. Several studies have also demonstrated that a great influence on
the time of complete recovery of left atrial mechanical function is due to the duration
of AF before cardioversion [14-16]. The time of recovery, or rather, a delayed return
of atrial mechanical function following electrical cardioversion, seems to be strongly
linked with higher thromboembolic risk [15].

Internal Atrial Defibrillation

Recently the internal atrial defibrillation (IAD) has been introduced in clinical
practice because, in contrast with external cardioversion, the use of lower ener-
gies may avoid the stunning of the left atrium and left appendage and allow
recovery of these structures earlier than after external cardioversion. The first
results on the left atrial function 24 hours after IAD showed that left atrial
appendage had depressed contractility with an increasing spontaneous echo-con-
trast (SEC) and thromboembolic risk [21, 22]. However it also demonstrated that
the LAA completely recovers mechanical function within 1 week after IAD which
is earlier than what happens with external countershock (3-4 weeks). Moreover it
has well been established that IAD can be proposed with high probability of suc-
cess in those patients in whom external cardioversion has failed [23].

Aim of the Study

In order to verify the safety, the efficacy, and especially to study the direct effect
of IAD with lower energy on atrial mechanical function in those patients with AF
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resistent to conventional external cardioversion, we have investigated patients under-
going IAD with transthoracic echocardiography one day before and one day and one
week after, analyzing all conventional parameters. In addition transesophageal
echocardiography was performed just before and during internal cardioversion.

Study Population and Methods

From January to May 1997 we submitted 11 patients, 7 males and 4 females, mean
age 60 9 years (range 40-72 yrs), with a mean weight of 79 *+ 17 Kg to IAD, since
some attempts with external cardioversion had failed. The mean period of dura-
tion of AF turned out to be 4.4 + 3 min. All patients were anticoagulated with INR
value in therapeutical range, and 9/11 patients (82%) were treated with antiar-
rhythmic drugs, 8 with amiodarone in and only one with sotalol. Four patients
(pts) exhibited hypertensive heart disease, 3 patients valvular disease (2 pts
mitral stenosis and 1 pt mitral regurgitation), 2 patients congestive cardiomyopa-
thy and 2 patients had lone atrial fibrillation (Table 1). Written informed consent
was obtained from all patients.

Three intracavitary temporary leads were used in each patient: one catheter
was positioned in the distal part of coronary sinus, to embrace the left atrium as
much possible, the second in the high right atrium and the third lead was posi-
tioned in the right ventricular apex. The defibrillator manually delivered a trun-
cated-biphasic exponential wave, beginning from 50 V with progressive incre-
ments of 50 V until restoration of the sinus rhythm was obtained.

TTE was performed in all patients the day before and the day after the IAD as
well as one and three months later: all conventional M-Mode, 2D and Doppler trans-
mitral and transtricuspidal flows parameters were analyzed in accordance with the
recommendations of the American Society of Echocardiography (ASE) [21].

TEE was performed with a 5 MHz multiplane transducer after induction of
general anesthesia with propofol (1-2 mg/Kg intravenous) and all patients were
previously intubated.

With TEE we investigated the heart function just before, during and just after
intracardiac shock delivery: we evaluated 2D measurements of left and right
atria, the percentage of variation of left appendage, EF of left ventricle and
Doppler analysis of flow velocity in LAA, mitral and tricuspid valves.

Results

The IAD restored the sinus rhythm in 10/11 patients (91%) with a mean number
of shocks of 3.7 + 2.9 (range 1-7) and the mean value of effective delivered energy
was 7.2 £ 2.9 (range 2.6-10.4) (Table 2). All 10 patients showed a recovery of atrial
mechanical function just after IAD with a percentage mean value of atrial contri-
bution in total mitral forward flow of 19.8% that reached the maximum value
already 24 hours later (27.5%), increasing mildly after 1 week (29.7%).
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Table 2. Electrical energy delivered

PtNo. Weight (Kg) EE ()) N° of shocks CE()) Mean Energy (J)

1 85 8 4 16.6 41+2.6
2 83 10 4 26 6.5%3.1

3 68 NR 7 95 13.6 £ 10

4 114 10 4 26 6.5+3.1

5 95 10 3 18.2 6.0 £3.0
6 55 4 2 6.7 33%09
7 60 2.6 1 2.6 2.6

8 63 3.8 2 2.5 2.5

9 87 5.7 3 12.1 40x1.6

10 78 7.8 5 25.5 52+14
11 86 10.4 6 26.3 43+£28

Mean 7917 72+%29 3.7+1.7 23+26 54+ 3.2
Range (55-114) (2.6-10.4) (1-7) (2.5-95) (2.5-13.6)

NR, non responder to TAD; CE, cumulative energy; EE, effective energy

The spontaneous echo-contrast (SEC) before IAD showed a mean value of 0.9 + 0.5
increasing to 1.2 £ 0.6 just after IAD, at the limit of statistical significance (Table 3).
The following behavior of increasing of SEC was clearly seen in 4 patients:
- One patient with congestive heart disease, a longer duration of AF and in whom
the most frequent number of shocks (7) with the highest energy in absolute as
well as in mean value (34 J; 13.6 + 10 J) was delivered: in spite of this he was the
only patient that did not restore sinus rhythm and an important observation
was that the SEC augmented after the threshold of 15 J was delivered showing at
the maximum shock a clear SEC in right atrium also.
One patient with moderate mitral stenosis in whom the delivered energy effica-
cy was 10 J.
One patient with a mild congestive cardiomyopathy for whom for restoring
sinus rhythm a shock of 10 J was necessary.
One patient with lone AF who did not show SEC before IAD and who just after the
effective shock had an atrial prolonged standstill for almost 5 seconds (Fig. 1,2).
The patients with recovery of sinus rhythm in whom it was sufficient to deliv-
er lower energy showed the most complete recovery of atrial mechanical func-
tion, evaluated as percentage of end-diastolic contribution on the global transmi-
tral (Fig. 3, 4) and transtricuspidal forward flow. Already 24 hours later the effec-
tive shock, and the mean value of the improvement in atrial contribution (A
wave) after 1 week was of 50,4% (NS). The patient in whom the IAD did not
restore the sinus rhythm showed the biggest left atrial size but above all the right
atrial size. Also the patients who required the most frequent number of shocks
showed a bigger right atrial size in comparison with the others (p < 0.01).

1
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Fig. 1. Transesophageal echocardiographic approach of left atrium (LA), of left ventricle
(LV) and of left atrial appendage (LAA): the spontaneous echocontrast (SEC) increased
just after an effective shock with restoration of sinus rhythm is clearly visualized

Fig.2. Representative left atrial appendage pulsed Doppler flows illustrating the “stunning”
phenomenon just after IAD: it is characterized by a low flow velocity and the presence of
only the negative component of atrial contraction (A)
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Fig.3. Doppler analysis of mitral flow velocity recorded a few seconds after the restoration
of sinus rhythm. The atrial stunning is expressed by the low velocity of forward flow
during atrial contraction (A)

Fig. 4. Same Doppler evaluation as in Fig. 3, 10 minutes later: an increase of flow velocity
during left atrial contraction as expression of a rapid recovery of atrial mechanical func-
tion after IAD is well visualized
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Regarding the maintenance of sinus rhythm during our brief follow-up peri-
od (22 * 12 days) we found:
- 2 pts had recurrence of AF within 2 days.
- 5 pts had recurrence of AF within 7 days.
- 3 pts maintained sinus rhythm after 1 week.
We observed no particular side effects or complications in all patients.

Discussion

As demonstrated by recent studies the efficacy of IAD for restoring sinus rhythm
from AF is good and moreover this goal can be obtained by delivering low energy
[3, 22, 23]. In our experience we have obtained optimal results in cardioversion
efficacy with high percentage of patients that showed a promptly normalization
of sinus rhythm after IAD: this is in accordance with the most recent observa-
tions [3, 22-24]. We found less increase of SEC just after IAD with the impression
that this finding is the expression of several factors: in fact, the patients in whom
we observed the new appearance or incremental degree of SEC had a history of a
longer AF duration, a longer delay in the recovery of left auricular systolic func-
tion, and the biggest size of both atrial areas. Moreover in 2 patients it was clearly
influenced by the intensity of delivered shocks and also by the duration time of
electrical and mechanical atrial stunning after IAD. In our opinion a new para-
meter that can guide the IAD towards a good success, is represented by the accu-
rate evaluation of right atrial size compared with the evaluation of only left atrial
size: in fact the patients in whom IAD failed, or more attempts were necessary,
showed the biggest values of right atrial size. Besides another important observa-
tion regards the recovery time necessary to have the maximum in atrial mechani-
cal function: in all 6 patients in whom the maximum efficacy of the delivered
energy was equal to or lower than 10 ] we observed a complete recovery already
24 hours after IAD with a miniminal further increase within the following week.
This is at variance with previous studies [3, 22, 23] that showed a progressive and
significant increase of atrial function for one week after the shock. One possible
explanation could be that the effective energy for restoring sinus rhythm in those
experiences was higher than in our study. A similar conclusion gives more force
to the concept that the degree of energy delivered can greatly influence throm-
boembolic complications. We considered this as a crucial finding for the adequate
anticoagulation strategy to be employed in IAD in the future.

Conclusions

An impairment of the mechanical atrial function is also given by IAD but the
recovery time of atrial mechanical function after IAD is certainly shorter than
after external cardioversion.
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The time of complete recovery is influence by several factors such as the dura-
tion time of AF before the IAD, the kind of heart disease, the size of both atria
appendage and finally degree of delivered energy: our impression is that by using
delivered energy lower than 10] one obtains a more rapid recovery of atrial
mechanical function with a consequently reduced thromboembolic risk.

An important role in successful AF recovery in sinus rhythm is given by the
right atrial size that is not usually estimated before cardioversion.

Globally thromboembolic risks are present but, with a more prompt recovery
of mechanical and atrial function, they are reduced in comparison with external
cardioversion. If our findings are confirmed in a larger number of cases, they can
change the approach to AF cardioversion drastically considering the high success
rate and the low side effects with internal atrial defibrillation.
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Implantable Atrial Defibrillator: Which Results and Indications?

W. JUNG AND B. LUDERITZ

Rationale for an Implantable Atrial Defibrillator

Atrial fibrillation (AF) is a frequent and costly health care problem and repre-
sents the most common arrhythmia resulting in hospital admission. The overall
prevalence of AF in the United States ranges from <1% in young, otherwise
healthy individuals up to nearly 9% in elderly patients. AF may cause disabling
symptoms and serious adverse effects such as impairment of cardiac function or
thromboembolic events. Due to the limited efficacy of antiarrhythmic drugs for
AF, several non-pharmacologic options have evolved including pacemaker thera-
py, transvenous catheter ablation techniques, surgical procedures, and treatment
with an implantable atrial defibrillator (IAD). The high prevalence of AF and its
clinical complications, the poor efficacy of medical therapy for preventing recur-
rences, and dissatisfaction with alternative modes of therapy stimulated interest
inan IAD [1].

Internal Cardioversion for Atrial Fibrillation

The treatment of AF represents one of the therapeutic challenges of modern car-
diology. One of the options for conversion of AF to sinus rhythm has been exter-
nal cardioversion using energies in the range of 50 to 350 J. External electrical
cardioversion/defibrillation has been a remarkably effective and safe method for
termination of this arrhythmia. Originally introduced by Lown and et al. in 1962,
it has been a well accepted mode of acute therapy [2]. However, this technique
requires general anesthesia or heavy sedation and must be undertaken in the
hospital environment. In addition, there is a potential risk of myocardial necro-
sis, ventricular tachyarrhythmias or thromboembolism. Internal atrial defibrilla-
tion has been evaluated as an alternative approach to the external technique for
over two decades.

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

Previous animal work has demonstrated the feasibility of low-energy transcatheter
countershock of AF. Mower et al. using two catheters, one in the right atrium (RA)
and the other in the superior vena cava (SVC), have shown successful defibrillation
with energies ranging from 0.05 to 3 J in acetylcholine-induced AF in dogs [3].
Dunbar et al. were able to terminate only 26% of AF episodes induced by talc
pericarditis in dog [4]. Subsequent investigations from the same group did not
demonstrate increasing efficacy with sequential shocks compared to single
monophasic shocks utilizing a three electrode lead configuration [5]. In contrast,
Kumagai et al. had an efficacy rate of 47% at energies of <0.5 ], 74% at 1 J and
100% at <5 J in the same model [6]. Powell et al. reported a lower success rate
with biphasic shocks and a RA-apical left thoracic patch configuration in a large
sheep model [7]. During 768 defibrillation attempts in 16 sheep, the percent of
successful cardioversion increased in a dose-dependent manner, reaching a
plateau at the average energy level of 5 J. Recently, Cooper et al. studied several
different lead systems using single capacitor monophasic and biphasic shocks in
the same model [8]. They found that the optimal lead systems for internal car-
dioversion of AF were those that had electrodes that encompassed as much of the
fibrillating atrial tissue as possible and that did not create high potential gradi-
ents near the sinus or atrioventricular nodes. In this study, the right to left lead
system using the distal coronary sinus (CS) as the left electrode and a 3/3-ms
biphasic waveform resulted in low energy requirements for cardioversion of AF
in sheep. Studies comparing shock electrode lengths demonstrated that 6 cm
electrodes located in the CS and RA exhibited a trend toward lower defibrillation
thresholds than 3 or 9 cm lengths did in the sheep model [9], while in the canine
model 6 cm electrodes located in the right atrial appendage and CS produced sig-
nificantly lower thresholds than 3 cm electrodes did [10].

Studies in Humans

Previous studies in humans have demonstrated that high energy (200-360 J) trans-
catheter atrial defibrillation is safe and effective when using standard electrophysiol-
ogy catheters [11, 12]. A recent randomized study demonstrated that internal car-
dioversion using high energy shocks (200-300 J) was more effective than external
cardioversion (300-360 J) in restoring sinus rhythm and was as safe as external
cardioversion in patients with chronic AF [13]. However, reports of low energy
endocardial defibrillation in humans are limited. An early feasibility study of low
energy cardioversion for atrial arrhythmias did not yield successful results in
patients with AF [14]. More recently, preliminary studies demonstrated the feasi-
bility of low energy cardioversion in selected patients with recent onset as well as
with chronic AF. Keane et al. reported that chronic atrial arrhythmias could be
cardioverted efficiently in 15 out of 16 patients with a mean atrial defibrillation
threshold of 6.7 + 2.2 J [15]. Johnson et al. compared a 6-ms monophasic with a
3/3-ms biphasic truncated exponential waveform in 6 patients [16]. The biphasic
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waveform required less total delivered energy (mean 2.5 £ 1.4 J) than the
monophasic one (4.7 £ 3.1 J) for successful atrial defibrillation. Murgatroyd et al.
attempted cardioversion in 22 patients with paroxysmal AF of short duration
using a coronary sinus and right atrial electrode system and a 3/3-ms biphasic
waveform [17]. Cardioversion was achieved in all 19 patients who completed the
study, with a mean energy of 2.16 + 1.02 J. In a recent study successful internal
electrical defibrillation was achieved in 10 out of 14 patients with a mean dura-
tion of AF of 5.7 + 5.4 months at a mean energy of 3.7 + 1.7 ] using a right to left
electrode configuration [18]. In contrast, Kalman et al. used either a right sided
electrode configuration or a three lead system for endocardial defibrillation in 5
patients with atrial flutter and in 4 patients with AF with a mean duration of 3.75
months [19]. Successful cardioversion was accomplished in all 5 patients with
atrial flutter with energies of < 10 ] but in only one patient with AF at the 10 ]
level. This low success rate was probably due to the less optimal lead configura-
tion used in this study.

In summary, low energy biatrial internal defibrillation has recently been
shown to be an effective and safe means of restoring sinus rhythm in patients
with both acute and chronic AF [20-25]. The electrode locations for minimum
defibrillation threshold appears to be in the vector encompassing the RA and the
CS (Fig. 1). In addition, biphasic shocks have been demonstrated to be superior to

Fig. 1. Right anterior oblique view (30°) of catheter electrode configuration for atrial defib-
rillation in a patient with chronic AF. The 6-French decapolar catheters are positioned in
the right atrium (anode) and in the coronary sinus (cathode). Biphasic shocks are deliv-
ered between these decapolar electrodes. A conventional quadripolar catheter is placed in
the apex of the right ventricle for proper R wave synchronization
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monophasic shocks. Ventricular proarrhythmia has not been reported in well
synchronized low energy shocks when closely coupled to RR intervals and long-
short cycles are avoided [25, 26]. Consequently, an IAD that promptly recognizes
AF and restores sinus rhythm may be a valuable tool.

Implantable Atrial Defibrillator

The development of an implantable cardioverter-defibrillator for the manage-
ment of ventricular tachyarrhythmias has stimulated investigation of a similar
approach to AF [27]. Conversion of atrial arrhythmias has been attempted in
patients with an implantable cardioverter-defibrillator using epicardial or non-
thoracotomy lead configurations. High energy shocks applied via epicardial
patches during AF were in no case successful in restoring sinus rhythm [28].1n a
prospective and randomized study, Saksena et al. reported on the clinical efficacy
and safety of atrial defibrillation using three current non-thoracotomy endocar-
dial lead configurations: two right sided vectors, RV-RA and RV-SVC leads and
one right to left vector, RA-left thoracic patch [29]. Atrial defibrillation thresholds
in 21 patients with cardiac disease were lowest for the RV-SVC configuration. The
mean defibrillation threshold in the best randomized lead configuration was 9.9
+ 7.7 J. All patients could be cardioverted by at least 20 J. [30]. Recently, Bardy et
al. reported on the feasibility of atrial defibrillation in 10 patients using a unipo-
lar, single lead right ventricular pectoral defibrillation system [31]. The atrial
defibrillation threshold data were 8.3 * 4.1 J using the active can system. AF
remains a common post-shock arrhythmia with implantable ventricular defibril-
lators and may result in inappropriate ventricular shock delivery [32, 33]. Adding
an atrial cardioversion system to the ventricular system would allow for better
arrhythmia discrimination as well as provide more complete arrhythmia treat-
ment coverage.

Description of the Metrix Implantable Atrial Defibrillator

The Metrix Model 3000 or 3020 (InControl, Redmond, WA, USA) IAD uses a pair
of defibrillation leads to detect AF in the CS and RA [34]. Both are 7-French in
diameter and the defibrillation coils are each 6 cm in length (Fig. 2). The RA lead
has an active fixation in the RA. The CS lead has a natural spiral configuration for
retention in the CS, and can be straightened with a stylet. A separate bipolar right
ventricular lead is used for ventricular pacing and sensing. The device, with a
weight of 79 g and a volume of 53 cc, is intended for implantation in the pectoral
region like a conventional antibradycardiac pacemaker. The device can be pro-
grammed into one of four different operating modes: fully automatic, patient
activated-mode, monitor mode, or pacing only mode. As AF is not life-threaten-
ing, the device is only intermittently active in detecting and treating AF, and this
“sleep wake-up” cycle interval is programmable. A two staged AF detection algo-
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Fig. 2. The Metrix implantable atrial defibrillator and the atrial defibrillation leads. The
device has a weight of 79 g and a volume of 53 cc, and is implanted in the pectoral region.
The defibrillation coils for both the right atrium and the coronary sinus leads are each 6
cm long. The defibrillation lead for the right atrium has a non-retractable screw-in active
fixation and the defibrillation lead for the coronary sinus has a preformed spiral shape at
the end, designed to stabilize the lead in the coronary sinus

rithm is operative after automatic gain control [34]. The “quiet interval” analysis
measures the duration of absence of atrial activity. This algorithm is highly spe-
cific for sinus rhythm thereby reducing the number of inappropriate therapies.
Thereafter, the second test, the “baseline crossing” analysis is applied, an algo-
rithm which is very specific for AE The Metrix device uses a dual channel syn-
chronization algorithm. This algorithm is designed to ensure that all shocks will
be delivered only to correctly synchronized R-waves. Before synchronization is
attempted, two electrograms are evaluated simultaneously in real time for integri-
ty and data quality. Graded shock therapy is available for up to 8 shocks (2 at each
level) for each episode of AF. Biphasic shocks are programmable in 20 V incre-
ments up to 300 V (about 3 J in the Model 3000 and 6 ] in the Model 3020).

Indications for an Implantable Atrial Defibrillator

Patients with symptomatic recurrences of AF despite the use of antiarrhythmic
drug therapy represent potential candidates for an IAD [35-37]. The number and
duration of AF episodes should be taken into account in the indications. Patients
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with frequent episodes must be excluded as candidates for implantation of an
atrial defibrillator because of too frequent discharges, patient discomfort, and
rapid battery depletion. Similarly, patients with episodes of short duration and
spontaneous termination may not be good candidates. Selected patients with
infrequent, symptomatic attacks of long-lasting episodes of AF despite antiar-
rhythmic drug therapy may benefit from an IAD.

Results with an Implantable Atrial Defibrillator

Initial clinical experience with a human IAD has been recently reported [34]. The
device was implanted in 3 patients with drug refractory paroxysmal AF. The
mean implant threshold (ED 50) was 195 V (1.8 J), and minimum voltages at con-
version during follow-up assessments at 1, 3, and 6 months were 260 V (2.5 J), 250
V (2.3 ]) and 300 V (3.0 ]), respectively. Detection of AF was 100% specific and
shocks were 100% synchronized, although only a proportion of synchronized R
waves were considered suitable for shock delivery primarily because of closely
coupled cycle lengths. Three patients had 9 spontaneous episodes of AF with 8
out of 9 (89%) successfully defibrillated by shocks of 260-300 V. Sedation was not
used in 4 out of 9 (45%) episodes. Back-up ventricular pacing was initiated by the
device in 6 out of 9 (67%) episodes. One patient had more frequent episodes of
AF after lead placement, which subsided after a change in medication. There was
no ventricular proarrhythmia observed. Initial clinical experience with an IAD
indicates stable atrial defibrillation thresholds, appropriate R-wave synchroniza-
tion markers, no shock induced ventricular proarrhythmia, and detection of AF
with a specificity of 100% [34, 38, 39].

Results with the First Arrhythmia Management System for Patients
with Ventricular and Supraventricular Tachyarrhythmias

On January 10, 1997, a 61-year-old woman suffering from both recurrent, drug
refractory supraventricular and ventricular tachycardia was the first patient in
the world to receive a multiprogrammable dual-chamber implantable defibrilla-
tor (model 7250, Arrhythmia Management Device, AMD, Medtronic Inc.,
Minneapolis, MN, USA) in our institution [40]. The device, with a weight of 93 g
and a volume of 55 cc, was implanted in the left pectoral region and connected
with transvenous defibrillation leads placed in the apex of the right ventricle
(Model 6936) and in the appendage of the right atrium (Model 6943). This defib-
rillator offers a new tiered-therapy approach to patients suffering from supraven-
tricular as well as from ventricular tachycardias. It combines atrial and ventricu-
lar detection and therapy modalities in a single unit and provides a new algo-
rithm (“atrial rate stabilization”) for prevention of atrial arrhythmias. A sophisti-
cated dual-chamber detection algorithm is used to improve discrimination of
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ventricular tachycardia from supraventricular tachycardia by applying pattern
recognition methods based on different P-wave positions within RR sequences.
The detection algorithm can be used to withhold inappropriate ventricular thera-
pies for atrial tachycardias, atrial fibrillation, sinus tachycardia, 1:1 supraventricu-
lar tachycardias, or any combination of these. The first day after implantation of
the new defibrillator, three sustained episodes of atrial fibrillation occurred
which were all successfully treated by high frequency burst pacing, a new option,
which allows painless termination of recent onset atrial tachycardias. None of
these arrhythmias were inappropriately detected or treated as ventricular
episodes.

Conclusions

At present, the chronic use of an IAD is a major challenge in the non-pharmaco-
logic treatment of AF. Studies in animals as well as in humans have demonstrated
the feasibility and safety of internal atrial defibrillation. The major issues which
have to be addressed are the pain perception and the potential risk of inducing
life-threatening ventricular arrhythmias during delivery of low energy atrial
shocks. The available data show that ventricular proarrhythmia has not been
observed in well synchronized low energy shocks when closely coupled to RR
intervals and long-short cycles are avoided. A first step to this novel approach is a
physician activated device. At the very beginning, the IAD should be restricted to
highly selected patients with drug refractory, poorly tolerated, recurrent AF
episodes. The extention of this therapy to wider subsets of patients should be
dependent on the initial results with regard to clinical efficacy and safety as well
as patient tolerance. Finally, cost-effectiveness as well as quality of life studies are
needed to demonstrate the benefit of this specific therapy among other therapeu-
tic strategies available for the management of AF [41-43]. An arrhythmia man-
agement system that combines both detection and treatment in the atrium as well
as in the ventricle may represent an important milestone and a significant
improvement in the management of patients with both supraventricular and ven-
tricular tachyarrhythmias.
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The Implantable Atrial Defibrillator: Are All the Problems
Solved?

S. LEvy

Atrial fibrillation (AF) is an extremely common arrhythmia seen in clinical prac-
tice, as shown by a number of epidemiologic studies. A significant number of
patients either have recurrent attacks of atrial fibrillation despite pharmacologi-
cal therapy, or are controlled, but complain of intolerable side effects. The atrial
defibrillator (AID), a device capable of detecting and automatically terminating
AF, may be an interesting non-pharmacological therapy of atrial fibrillation. Two
devices are currently available for clinical evaluation: The Metrix system (In
Control Redmond, USA) which is a stand-alone defibrillator, and the Medtronic
2030 which is a double-chamber defibrillator under evaluation solely in patients
in whom a ventricular defibrillator is indicated, and who have paroxysmal atrial
fibrillation. This presentation will focus on the Metrix system aimed at the trat-
ment of patients whose major clinical problem is atrial fibrillation. This type of
system has to deal with four issues: (1) the feasibility of atrial defibrillation, (2)
the possible shock-related discomfort, (3) the safety of the device, and (4) the
proper identification of patients who might benefit from the device. Several stud-
ies have shown that atrial defibrillation using low-energy shocks between two
intracardiac catheters, in the coronary sinus and in the right atrium is feasible in
patients with persistent spontaneous atrial fibrillation. As the minimum energy
requirement in order to successfully terminate atrial fibrillation in 75% of
patients averages 200-300 V (2-3 J), the conversion voltage needs to be above
these values in order to have a satisfactory safety margin. Termination of atrial
fibrillation with energy levels of less than 1 joule was found to be associated with
little, if any discomfort. A good correlation was also found in our study between
the level of discomfort and increasing voltage. The difference was statistically
significant (p < 0.02) between 140 V and 220 V shocks and 220 V and 300 V
shocks (p < 0.01). A marked inter-individual variation was noted. Therefore, this
aspect should be tested before indicating the device in a given patient. Both in
the XAD study and the Metrix study with the physician-activated device in more
than 50 patients and more than 3000 shocks, no ventricular proarrhythmia was
observed with synchronized shock. As shocks delivered following short (below
300 ms) RR intervals were associated with a low but definite risk of ventricular
fibrillation, the shocks were delivered after an RR interval of 500 ms or longer.
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However this represent a limitation in patients with atrial fibrillation and rapid
ventricular response. The importance of R wave synchronization is emphasized
and requires a lead in the right ventricle. The device also uses 2 other leads, one
in the right atrium and one in the coronary sinus, and lead dislodgement may be
a potential complication. The indications of an atrial defibrillator have to be
assessed carefully according to the currently available device and to our current
understanding and knowledge of atrial fibrillation. Obviously, symptomatic
patients in class III, i.e., patients who experience symptomatic episodies of AF
despite the use of antiarrhythmic agents (sodium channel blockers and potassi-
um channel blockers), represent potential candidates. The number and duration
of episodes should be taken into account in the indications. Patients with fre-
quent episodes (several episodes per day) must be excluded, as AID implantation
may result in too frequent discharges, patient discomfort, and rapid battery
depletion. Similarly, patients with episodes of short duration and spontaneous
termination may not be good candidates. The severity of patient symptom(s) and
arrhythmia tolerance must be taken into account. Selected patients with unfre-
quent attacks, fewer than one episode per 3-month period, may benefit from an
AID, particularly those patients with long-lasting episodes of AF than require
pharmacological or electrical reversion. It is not known whether there is an indi-
cation for an AID in patients with asymptomatic AF and a history of embolic
complications. A selected group of patients with established atrial fibrillation
may benefit from an AID e.g. patients who have undergone successful external
cardioversion and who experienced recurrence after period of time ranging from
1 to 6 months. At this stage of evaluation of the efficacy as well as the safety of the
device, it might be advisable to avoid implantation of an AID in patients with
coronary artery disease associated with active ischemia or patients with
depressed ventricular function. More clinical experience assessing the usefulness
of currently available devices is needed and includes a patient-activated device
preceded by a physician-activated device phase. As the technology progresses and
experience is gained, indications will probably evolve. The perspective is a small
device with a maximum of two leads capable of double-chamber sensing and
pacing in order to prevent and terminate atrial fibrillation.
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Atrial Fibrillation and Thromboembolic Risk: Is It Safe to
Cardiovert Acutely under Heparin?

M. DiSERTORI! AND A. MENOTTI?

Introduction

Atrial fibrillation (AF) is one of the most common cardiac arrhythmias and pre-
disposes a person to significant increase of systemic embolism. The risk of sys-
temic embolism, particularly cerebral embolism, is present when arrhythmia is
chronic but is higher at the moment of cardioversion to sinus rhythm (SR), when
the resumption of mechanical activity of atrium and left atrium appendage
(LAA) can favor embolisation of thrombus.

Cardioversion of Atrial Fibrillation and Embolic Risk

Atrial fibrillation can be cardioverted pharmacologically, or electrically with
external direct-current shock; (recently internal high- or low-energy transcatheter
cardioversion has been introduced).

A decision about the kind of cardioversion is substantially empirical; usually
pharmacological conversion is preferred in AF lasting a few days, while direct
current cardioversion is used when more time has elapsed since the beginning of
arrhythmia or pharmacological therapy has failed.

Cardioversion of AF is tied to a significant risk of embolism both after sponta-
neous, or induced (pharmacological or electrical) restoration of SR. The estimated
incidence of thromboembolism varies in the studies between 0% and 7% [1].
Variability of the incidence of thromboembolic episodes depends on the hetero-
geneity of the patient population; particularly etiology and duration of AF, and
presence, duration and intensity of anticoagulant therapy are different in the series.

Some conditions increase the embolic risk: theumatic heart disease,-past
embolic event, cardiopathy (hypertension, coronary heart disease, cardiomyopa-
thy), long lasting AF, heart failure, left atrium dimension, anulus calcification that
can be evidenced by transthoracic echocardiography (TTE).

Since the 1950s numerous retrospective studies have postulated the efficacy
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of anticoagulant therapy in reducing embolic risk during cardioversion of atrial
fibrillation.

The three most convincing studies, that confirm the utility of anticoagulant
therapy in reducing embolic risk during cardioversion in patients with AF lasting
more than 48 hours or at high embolic risk, were carried out by Bjerkelund and
Orning in 1969 (the only prospective study), Weinberg and Mancini in 1989 and
Arnold et al. in 1992 (Table 1).

Table 1. Utility of anticoagulant therapy during cardioversion of atrial fibrillation

N° (%) of embolic events

Source N° pts Anticoagulation No anticoagulation
Bjerkelund and Orning 1969 [2] 437 2/228 (0.8%) 11/209 (5.3%)
Weinberg and Mancini 1989 [3] 79 0/51 (0%) 2/28 (7%)
Arnold et al. 1992 [4] 332 0/153 (0%) 6/179 (3.3%)
Total 848 2/432 (0.5%) 19/416 (4.6%)

The results of the study of Bjerkelund and Orning [2] were impressive partic-
ularly because the group receiving anticoagulation was more likely to have mitral
stenosis, congestive heart failure, or prior embolic events and thus were at higher
embolic risk. The other two studies were retrospective, but the same impressive
results in favor of anticoagulant therapy were found.

These data form the basis for the guidelines published in 1992 by the Ameri-
can College of Chest Physicians for the prevention of the embolic risk in car-
dioversion of AF.

Table 2. Recommendations of ACCP in the cardioversion of atrial fibrillation

Atrial fibrillation < 3 days:
1) Cardioversion without anticoagulation
2) Anticoagulation in patients at high risk

Atrial fibrillation > 3 days or unknown duration:
1) Anticoagulation with warfarin therapy for 3 weeks before cardioversion and for 4
weeks after cardioversion;

Emergency atrial fibrillation
1) Cardioversion without anticoagulation if duration < 3 days
2) Anticoagulation immediately (heparin) if high risk or > 3 days

Target INR 2.0 to 3.0

What duration of AF requires anticoagulation before cardioversion has been
controversial. It is believed that thrombus formation during AF takes one week
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or more and that an AF of less than 3 days duration carries a low risk of throm-
boembolic events after cardioversion and requires no anticoagulation. This data
is not confirmed by some studies: the study by Arnold et al. [4], where five out of
the six embolic events occurred in patients whose AF was less than 1 week in
duration and recently Stoddard et al. [6] have documented with transesophageal
echocardiography (TEE) the presence of thrombus in 14% of patients with AF of
less than 3 days duration (patients at high risk).

According to the ACCP guidelines, anticoagulant therapy for 3 weeks prior to car-
dioversion permits organization/adherence of eventual thrombus present at an atrial
level, impeding dislodgement and formation of new thrombi. One study, involving 14
patients with AF (non rheumatic) and thrombus upon TEE, administered anticoagu-
lant therapy (medium duration 5.8 + 3.9 weeks), resulting in resolution of thrombus
in 89% of cases [7]. This indicates that perhaps the benefits are tied to resolution of
the thrombus rather than thrombus organization and adherence.

The continuation of warfarin therapy for 4 weeks after cardioversion is consid-
ered necessary because restored atrial activity can increase the risk of intracavi-
tary thrombus dislodgement, but above all, as confirmed by echocardiographic
studies, there is a delay in returned atrial and LAA mechanical function compared
to electrical activity and this delay may last some weeks.

Recently TEE has shown that after cardioversion there is an appearance or
accentuation of the spontaneous echocontrast (SEC), designating hematic stasis,
marker of potential thrombus formation and increased risk of thromboembolus.
Three studies [8-10] with TEE have in fact documented hemodynamic modifica-
tions that occur immediately after cardioversion and the risk of thromboembolic
complications in patients where intracardiac thrombosis was excluded [9, 10].
Fatkin et al’s work [9] with TEE during cardioversion revealed that the first few
seconds after cardioversion brought about a significant rise in SEC, more pro-
nounced in patients with long lasting AE. In this study of 56 patients undergoing
cardioversion with a negative TEE for intra-atrial and LAA thrombosis, 4
episodes of embolus were documented.

A multicenter study [8] documented 17 embolic events after cardioversion out
of 712 patients after TEE had excluded the presence of thrombi. It should be
taken into account that no patients had received anticoagulant therapy to achieve
therapeutic levels at the time of the embolic episodes, and in 14 cases the
episodes occurred more than 24 hours after cardioversion.

The Role of Transesophageal Echocardiography in Identifying Thrombus
and the Mechanisms of Its Formation

Evaluation of Atrial and Left Atrial Appendage Anatomy and Physiology

The advent of TEE has permitted the addition of new and important information
in the evaluation of patients with AFE In fact the TEE guarantees better visualiza-
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tion (compared with TTE) of the atria and in particular the LAA, where throm-
bus formation is more frequent [11]. The TEE has also allowed a better under-
standing of the SEC phenomenon which is characterized by a particular slow, spi-
raliform movement of the blood, that has been called “smoke” due to its resem-
blance to cigarette smoke. Remarkable is its frequency at atrial (and LAA) level in
patients with AF and the incidence is particularly high in patients with rheumatic
heart disease, valve prosthesis, left ventricular dysfunction and presence of atrial
thrombosis.

Some studies have documented a close correlation between the presence of
thrombi and SEC, both indicating an increased risk of thromboembolism [12-15].
It is to be noted that anticoagulant therapy reduces the risk of embolism in
patients, but does not significantly alter the prevalence of SEC. This is probably
because clotting factors inhibited by warfarin therapy are not necessary for the
formation of SEC [16].

Another aspect of AF that could benefit from the use of TEE is the study of
LAA function; in particular doppler flow filling/emptying and the emptying frac-
tion of LAA. Numerous works have confirmed the relation between LAA peak
flow, SEC, presence of LAA thrombus and embolic risk [12, 17, 18]. A reverse cor-
relation between LAA morpho-functional parameters and duration of AF was
revealed in the same studies. Other studies have demonstrated significant corre-
lation between peak flow velocity in LAA and successful cardioversion or risk of
relapse in patients with chronic AF [19-22].

As ACCP guidelines indicate, anticoagulant therapy is continued for 4 weeks
after cardioversion due to the slowed resumption of atrial mechanical function
which in itself is a potential cause of thrombus formation even after restoration of
the SR [5]. Studies done with TEE have confirmed that following cardioversion,
atrial and LAA function are not immediately resumed and often elevation of SEC is
seen [9, 23], with a potential risk of thrombus formation and consequent systemic
embolism as evidenced in already mentioned study by Black et al. [8]. Another con-
tribution to understanding atrial function after cardioversion comes from
Manning et al’s studies [24, 25]. It was found that slowed resumption of mechanical
function, evaluated with transmitral doppler flow, was proportionate to the dura-
tion of arrhythmia, lasting even up to 4 weeks in patients with AF for > 5 months.
By confirming these data one could hypothesize a reduction of the length of antico-
agulant therapy after cardioversion in patients with AF of recent onset.

Also evaluated with conflicting results, has been the impact of the type of car-
dioversion (direct-current or pharmacological) on atrial and LAA function:
Manning et al. [26] evidenced a more rapid recovery of atrial mechanical func-
tion after pharmacological cardioversion than in patients cardioverted with DC
shock. To be noted is that patients undergoing direct-current cardioversion were
likely to be more compromised as pharmacological cardioversion (unsuccessful)
had been tried first. This data is not confirmed in one study by Falcone et al. [27]
which documents a significant worsening of LAA function after both direct-cur-
rent and pharmacological cardioversion.
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Accuracy of TEE in the Diagnosis of Atrial and Atrial Appendage Thrombosis

TEE proved significantly superior compared with TTE in the visualization of atri-
al and atrial appendage thrombi for both major proximity to the structure being
examined as well as the capacity to visualize the atrial appendages, this not being
possible with the TTE [11]. Compared with the “gold standard” of surgical exami-
nation it provided high sensitivity and detail in the location of thrombi. The dif-
fuse use of biplane and multiplane probes together with the increased experience
of operators has contributed to improving this method [28, 29].

Manning et al’s study on 231 patients, published in the Annals of Internal
Medicine [30], found that TEE compared to surgical evaluation, had a sensitivity
of 100%, a specificity of 99%, an 86% positive predictive value, and a 100% nega-
tive predictive value in evidencing atrial and LAA thrombi.

Cardioversion of Atrial Fibrillation TEE Guided with and without Short-
term Anticoagulant Therapy

In the past few years some researchers have proposed to cardiovert AF using TEE.

This method has been carried out in many centers, utilizing diverse criteria in the

selection of patients to be cardioverted and different therapeutic approaches in

the use of anticoagulant therapy. Two principal options can be outlined:

A) Evaluation with TEE and cardioversion without anticoagulant therapy, or with
therapy given only at the moment of cardioversion, excluding patients who
present with atrial and/or LAA thrombi and significant SEC.

B) Evaluation with TEE in patients that have undergone short-term anticoagu-
lant therapy with heparin, cardioversion and continuation of anticoagulant
therapy with warfarin for 4 weeks, normally excluding only patients with
thrombus.

The results of the studies published with these 2 options are presented in
Tables 3 and 4.

A multicenter study guided by Black [8] must be added to these data. He doc-
umented 17 cases of systemic embolism out of 712 patients (2.4%). However, this
study did not evidence the characteristics of the population nor the therapeutic
approach of the various centers and therefore cannot be an indication (as the
authors themselves affirm) when evaluating the incidence of embolic events in
cardioversion guided by TEE associated with the use of anticoagulant therapy.

Though the amount of research is limited, it documents the safety of TEE-
guided cardioversion of AF. Reliability is based on percentages of embolization
similar to the studies with anticoagulant therapy 3 weeks before and 4 weeks after
cardioversion as in option “A”, and is particularly promising with option “B”
which did not document embolic events. This heightened reliability, also con-
firmed by our survey, is probably due to exclusion of patients who have intra-atri-
al/appendage thrombus, more susceptible to embolization. Moreover the admin-
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Table 3. Option A (CV TEE guided, without anticoagulant therapy)

Source N° patients N° embolic events
Grimm et al. 1992 [31] 9 0

Chan et al. 1992 [32] 18 0

Daniel et al. 1992 [33] 12 0
Orsinelli and Pearson 1993 [34] 15 (5 flutter) 0

Black et al. 1993 [35] 114 (36 flutter) 1

Fatkin et al. 1994 [9] 56 4
Antonielli et al. 1995 [36] 39 1
Stoddard et al. 1995 [37] 107 0

Total 370 6 (1.6%)

Table 4. Option B (CV TEE guided, with anticoagulant short-term therapy)

Source N° patients N° embolic events
Orsinelli and Pearson 1993 [34] 13 0

Klein et al. 1994 [38] 47 0
Stoddard et al. 1995 [37] 46 0
Manning et al. 1995 [39] 186 0
Menotti et al. 1997 [40] 26 0

Total 318 0 (0%)

istration of anticoagulant therapy permits the reduction of possible formation
and dislodgement of thrombi during the post cardioversion period, reducing the
risk of systemic embolism.

Patients with intracavitary thrombus must continue anticoagulant therapy for
6-8 weeks and undergo a repeat TEE to evaluate for an eventual cardioversion.

Short-term therapy is carried out with heparin L.V. (bolus followed by contin-
uous infusion with a aPTT ratio value of between 2-2.5), initiating therapy upon
TEE, rapidly attaining anticoagulation efficacy, administering simultaneously
therapy with warfarin. The use of heparin L.V, is continued till the patients reach-
es therapeutic INR levels with warfarin therapy. This option is particularly indi-
cated in patients admitted with first episode and/or cardiac symptomatology and
are in need of a full investigation.

There are no data on the use of subcutaneous calcium heparin; it has been
used in our department without complications in patients (medium-low risk)
where warfarin therapy were contraindicated (random compliance).
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Cardioversion TEE Guided with Short-term Anticoagulation: Potential Pros
and Cons

Advantages may be summed up by the following:

- Shorter duration of anticoagulant therapy: reduction of therapy of at least 3
weeks leading to lower risk of hemorrage.

- Acceleration of cardioversion: some studies seem to indicate that early car-
dioversion increases the probability of the restoration of SR.

- Low risk of embolism: published studies indicate that TEE in association with
short-term anticoagulant therapy has a very low risk of systemic embol-ism.

- Selection of patients at higher risk of embolism: evidence of atrial and/or
appendage thrombus selects a population at higher risk; a more intensive thera-
py can be applied to reduce the risk of embolization.

- Reduced recovery time.

The TEE guided cardioversion is not immune to uncertainties:

- The absence of thrombus upon TEE does not exclude the possibility of forma-
tion and embolization of thrombus in the hours following cardioversion; it is for
this reason that short-term anticoagulant therapy precardioversion and continu-
ation for 4 weeks after seems more preventive against eventual embolic events.

- The method, that is operator dependent, may not evidence thrombi because of
technical problems: a) thrombi below power of resolution of probe may have
possibility of causing significant cerebral lesions; b) type of probe used (mono-
plane instead of biplane or multiplane; ¢) poor echogenicity of new thrombi
that can have similar characteristics to that of blood and so pass undetected.

Not to be undervaluated are organizational problems with possible work
overload on the echocardiographic department due to frequency of pathology.

Studies were done in the U.S.A. on the cost-effectiveness of TEE guided car-
dioversion with anticoagulation compared to conventional therapy; TEE guided

cardioversion seems more cost-efficient [41, 42].

Open Problems

Some questions remain open regarding the indications of cardioversion of AF and
atrial flutter. Firstly concerning the management of patients with AF for < 3 days.
Stoddard et al’s articles [6] published in 1995, evidenced the presence of thrombi in
14% of patients (at high risk) with AF of recent onset (< 3 days); it seems advisable,
at least in patients with a medium-high risk of AF for < 3 days, to administer antico-
agulant therapy for 3 weeks or cardiovert after TEE and short-term anticoagulation.

Another point which remains unclear is management in patients with atrial
flutter considered at very low risk of embolism. In a recent publication by Mehta
and Baruch [43], 3 episodes of systemic embolism were documented in 16
patients cardioverted for atrial flutter with previous negative TEE; the same
authors had previously documented a significant diminished velocity of LAA
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flow and increased SEC after cardioversion in patients with atrial flutter [44].
Also, it should not be overlooked that atrial flutter, in some cases, can be preceed-
ed by AF, increasing the risk of embolism after cardioversion.

Conclusions

TEE has certainly permitted a better understanding of the thromboembolic prob-
lem in AF, and a detailed insight of the modifications that take place during car-
dioversion and the complex function of LAA. To say that cardioversion guided by
TEE is more cost-effective but, above all, safer, we must await the results of the
ACUTE study (Assessment of Cardioversion Utilizing Transesophageal Echocar-dio-
graphy), which is a multicenter, random, prospective study. The result of the pilot
study involving 123 patients [39] indicated safety and feasibility of the study with an
apparently better cost/benefit ratio compared to conventional therapy.
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Prevalence of Atrial Fibrillation

Atrial fibrillation (AF) is the most common sustained cardiac arrhythmia encoun-
tered in clinical practice.

The prevalence of AF increases dramatically with age and is slightly more
common in men than in women. The prevalence of AF rises from < 0.05% in
subjects 25 to 35 years old to 0.5% in the group 50 to 59 years and to 8.8% in the
group aged 80 to 89 years. The overall prevalence of AF in the Framingham
cohort was 2.2% in men and 1.7% in women [1].

AF is frequently a consequence of rheumatic valvular disease, but it is
encountered much more often in association with hypertensive or coronary
heart disease and in patients with congestive heart failure. Non-valvular AF
(NVAF) represents 70% of all cases of AF. Finally the prevalence of AF not associ-
ated with any cardiac disease (“lone” AF) is approximately 10%.

Risk of Stroke

AF carries a high risk of systemic embolism, in particular stroke. This is true not
only when AF is associated with valvular heart disease but also in patients with
NVAF [1-9].

The principal mechanism for stroke in AF are emboli due to stasis-related left
atrial thrombi (associated with enlarged atria, and thrombi in the left atrial
appendage or atrial septal aneurysm), or stasis-related left ventricular thrombi
(associated with left ventricular enlargement). Because of stasis of blood flow,
activation of the coagulation system with fibrin formation predominates over
platelet activation as the principal mechanism in the development of intracavi-
tary thrombi. According to the pathogenetic mechanism anticoagulation seems
the most appropriate prophylactic treatment [10].

Alternative mechanisms for stroke in patients with NVAF include structural
abnormalities of the mitral valve (including myxomatous or thickened valvular
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leaflets or mitral annular calcification), coexisting atherosclerotic carotid artery
disease (in approximately 25% of AF-associated strokes), or atherosclerotic
plaques in the ascending aorta and proximal arch. In these conditions sources of
emboli are represented by platelet-fibrin thrombi and therefore platelet inhibition
may be effective [11].

The five recent randomized placebo-controlled clinical trials (12-16) assessing
antithrombotic therapy as primary prevention in NVAF have shown that in
patients with NVAF who are not anticoagulated the annual incidence of ischemic
stroke ranges between 3.0% and 7.4 % (mean 4.5%) with a 2.5% incidence of dis-
abling stroke; including also transient ischemic attacks (TIA) the incidence rises
up to 7% and to > 7% when considering silent cerebral infarction detected by CT
scan or MRL.

When acute ischemic stroke occurs in association with AF the cerebral infarct
size is generally large and more than half of the victims are severely affected (the
incidence of disabling or fatal strokes in the AFASAK and in the SPAF I studies
was 64% and 44%, respectively).

An analysis of the SPAF study [17] subsequently confirmed by metanalysis of
pooled data from the five randomized controlled trials [18] has shown that in
the large population of patients with NVAF the risk of stroke is not homoge-
neous. Stratification of AF patients into those at high and low risk of thrombo-
embolism is possible and warranted in order to plan optimal antithrombotic
prophylaxis [19].

Clinical risk factors predictive of stroke include age (> 65 years), history of
hypertension, prior stroke or TIA, recent heart failure and diabetes. Patients
younger than 65 years who have none of these predictive factors (15% of all
patients in the randomized clinical trials) have a low annual rate of stroke,
approximately 1%, in the absence of any antithrombotic prophylaxis.

These results confirm a previous observation that patients with “lone” AF
(defined also by the absence of hypertension and diabetes) younger than 60 years
have a risk for stroke less than 0.5% per year [20].

Besides the clinical risk factors, a SPAF analysis has identified echocardio-
graphic predictors of stroke [21]. They include left ventricular systolic dysfunc-
tion and left atrial enlargement. Transesophageal echocardiography provides fur-
ther markers of embolic risk, i.e. left atrial and left atrial appendage thrombi,
spontaneous echocontrast, and left atrial appendage dysfunction [22].

Primary and Secondary Prevention Studies

Anticoagulation with oral vitamin K antagonists such as warfarin is highly effec-
tive for preventing ischemic stroke in AF patients. Over the past few years five
randomized clinical trials have investigated the safety and efficacy of warfarin for
primary stroke prevention in patients with NVAF (Table 1).

Overall warfarin decreased the frequency of all strokes by 68% with an
absolute annual reduction of 3.1% (p < 0.001), i.e. 31 strokes can be prevented per
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Table 1. Primary prevention studies with warfarin in patients with NVAF

Study No. Mean Target Annual Annual
of pts follow-up INR stroke major
(yrs) reduction bleeds

Warfarin vs placebo

AFASAK [12] 1.007 1.2 2.8-4.2 -58% 0.3%
SPAF [13] 1.330 13 2.0-4.5 -67% 1.5%
BAATAF [14] 420 2.2 1.5-2.7 - 86% 0.9%
CAFA [15] 383 1.3 2.0-3.0 -42% 1.5%
SPINAF [16] 525 1.8 1.4-2.8 ~79% 1.5%

Warfarin vs aspirin

SPAF II [23] 1.100 2.7 2.0-4.5 <75yrs - 10%*  1.7%
> 75yrs - 9%* 4.2%

Adjusted dose warfarin vs low-intensity

fixed-dose warfarin + aspirin
SPAF III [28] 1.004 1.1 2.0-3.0 - 62% 2.8%

NVAF, non-valvular atrial fibrillation; INR, international normalized ratio; AF, atrial fibril-
lation.

4cumulative endpoint of ischemic stroke + intracranial hemorrhage

%high risk patients with AF with at least one thromboembolic risk factor (congestive heart
failure or left ventricular dysfunction, prior thromboembolism, hypertension, woman > 75
years).

1000 patients treated per year. Also the incidence of stroke with residual deficit
was reduced by 68% with an absolute annual reduction of 1.4%.

The intensity of anticoagulation in the 5 trials varied consistently, the
International Normalized Ratio (INR) ranging between 1.4 and 4.5. No correla-
tion emerges between intensity of anticoagulation and consistency of reduction
of stroke. Also low-intensity anticoagulation (INR ranges 1.5-2.8), as that adopted
in BAATAF and SPINAF studies, confers substantial benefit.

The risk of bleeding in patients receiving warfarin in these studies was quite
low. The annual frequency of major bleeding events was 1.3% in warfarin treated
patients. In a more generalized outpatient population the risk of bleeding is prob-
ably greater. In elderly patients the risk of bleeding, mainly cerebral, appears to be
higher. The rate for intracranial hemorrhage in patients > 75 years on warfarin
was 1.8%/year in the SPAF II study [23]. In the other trials in which the intensity
of anticoagulation was lower, also the risk of intracranial hemorrhage was signifi-
cantly lower (mean 0.3%/year).

Secondary prevention of thromboembolism in patients with NVAF has been
assessed in two studies, EAFT and SIFA. In the EAFT study [24] 1.007 NVAF
patients with a recent TIA or minor ischemic stroke were randomized to open
anticoagulation or double blind treatment with either 300 mg aspirin per day or
placebo; patients with contraindications to anticoagulation were randomized to
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receive aspirin or placebo. In these high risk patients warfarin was very effec-
tive, reducing the risk of stroke from 12% per year to 4% per year, while aspirin
showed only a modest efficacy reducing that risk from 12% to 10% per year.

In the Italian SIFA study (Studio Italiano Fibrillazione Atriale) [25] the effica-
cy and safety of the antiplatelet drug indobufen, a reversible cyclooxygenase
inhibitor (100-200 mg bid) has been compared with warfarin (INR 2.0-3.5) in
patients with NVAF and a recent (< 14 days) TIA or stroke.

In this multicenter open trial 916 NVAF patients were randomized to anticoagula-
tion or indobufen. At the end of treatment after 1 year follow-up the frequency of pri-
mary outcome events (non-fatal stroke, systemic embolism, non-fatal myocardial
infarction or vascular death) was 10.6% and 9.0%, and of vascular death 6.7% and
6.2% in the indobufen and warfarin groups respectively, with no statistical difference
between treatments. Major bleeding events (0.9%) were observed only on warfarin.

In comparison with the EAFT study, the efficacy of antiplatelet treatment was
substantially higher.

The efficacy of aspirin for primary stroke prevention in AF patients is unclear
and quite controversial. The effect of aspirin in doses between 75 and 325 mg/day
has been assessed in 2 placebo-controlled studies of primary prevention (AFASAK,
SPAF I). The AFASAK study observed a not statistically significant decrease in the
frequency of strokes by 18%, while a statistically significant decrease of 44% was
observed in the SPAF I study.

Possible explanations for the different efficacy of aspirin in these two studies
include different dosages of aspirin (75 mg in AFASAK and 325 mg in SPAF I) and
different age of treated patients (mean age 75 years in AFASAK and 67 in SPAF I).

Other possible explanations for this difference may be the higher prevalence of
stasis-related thrombi in the AFASAK study patients, compared with SPAF, as sug-
gested by the higher incidence of congestive heart failure (51% vs 19%). It is con-
ceivable that aspirin does not prevent stasis related causes of stroke due to left
atrial and possibly left ventricular thrombi in patients with enlarged left ventricle.

It is unlikely that different dosages of aspirin could account for different effi-
cacy [26]. Several studies have demonstrated that also dosages of 30 mg/day are
equally effective. As far as the age is concerned it is important to consider that a
further analysis of SPAF has demonstrated that aspirin was ineffective in the sub-
group of AF patients older than 75 years.

The differential effect of aspirin associated with age could be accounted for by
differences in the effect of aspirin on platelets, different stroke mechanisms, or age
related patient characteristics (e.g. intrinsic fibrinolitic activity or intra-atrial sta-
sis of blood due to congestive heart failure) which might render the antithrombot-
ic effect of aspirin inadequate.

A differential effect of aspirin according to stroke mechanism is another
important issue. Platelet inhibitors and anticoagulants may influence cardioem-
bolic and non-cardioembolic sources of stroke differently. Aspirin may have a
greater prophylactic impact on non-cardioembolic mechanisms than on strokes
of presumed cardioembolic origin in AF patients. In a SPAF secondary analysis
strokes were categorized as cardioembolic or non-cardioembolic according to
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clinical and neuroradiologic criteria (27). The preventive effect of aspirin therapy
was different for cardioembolic relative to non-cardioembolic ischemic strokes
(p = 0.001). Aspirin was associated with a risk reduction in non-cardioembolic
strokes of 100% (95% CI, 60 to 100%; p = 0.001), but with a risk reduction of
only 31% for cardioembolic strokes (95% CI, -35 to 65%; p = 0.31).

In the secondary prevention study EAFT aspirin had only a modest efficacy in
preventing recurrence of stroke (-17%) in patients with NVAF and recent TIA or
stroke. Combining the three placebo-controlled studies of primary (AFASAK,
SPAF I) and secondary prevention (EAFT) overall the risk reduction with aspirin
was only 25%.

A direct comparison of aspirin with warfarin has been made in 3 studies
(AFASAK, SPAF II, EAFT). Aspirin resulted significantly less effective than war-
farin (combined risk reduction was 47% by warfarin relative to aspirin) but asso-
ciated with a substantially lower risk of bleeding. Recently the SPAF III [28], a
study of fixed-dose mini-intensity warfarin (INR 1.2-1.5) in combination with
aspirin (325 mg per day) was completed. This combination therapy was not found
to be effective for primary stroke prevention in AF patients with risk factors when
compared with dose-adjusted warfarin (INR 2.0-3.0). Moreover the incidence of
major hemorrhage was not significantly different in the two treatment arms (2.4%
per year with combination therapy vs 2.1% per year with adjusted-dose warfarin).

Treatment Recommendations

It is evident that adjusted-dose warfarin is much more effective than aspirin in
decreasing the risk of stroke in AF patients. The majority of AF patients are over
65 years and have other risk factors for stroke. Their annual risk of stroke is

therefore 5% or more and the decision to use oral anticoagulation is quite
straightforward (Table 2).

Table 2. Guidelines for antithrombotic prophylaxis in patients with AF

Age < 65 years
no risk factors (“lone” AF) aspirin or no treatment
risk factors? warfarin (INR 2.0-3.0)

Age 65-75 years
no risk factors
risk factors

warfarin (INR 2.0-3.0) or aspirin
warfarin (INR 2.0-3.0)

Age > 75 years
no risk factors
risk factors

warfarin (INR 2.0-3.0)®
warfarin (INR 2.0-3.0)®

Wl

AF, atrial fibrillation; INR, international normalized ratio; TIA, transient ischemic attack.
*risk factors include: previous TIA or stroke, hypertension, heart failure or left ventricular
dysfunction, diabetes.

Pkeep anticoagulation at the lower end of the therapeutic range; consider INR 1.5-2.0 for
older patients at higher hemorrhagic risk.
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It is recommended that long-term oral anticoagulant therapy (INR 2.0 to 3.0)
be strongly considered for all patients older than 65 years with AF and also for
patients younger than 65 years who have any of the following risk factors: a previ-
ous TIA or stroke, hypertension, heart failure or left ventricular dysfunction, dia-
betes, clinical coronary artery disease, mitral stenosis, prosthetic heart valve or
thyrotoxicosis.

In patients younger than 65 years with no risk factors for stroke (“lone” AF)
either aspirin or no antithrombotic therapy is appropriate.

In patients between age 65 and 75 without risk factors aspirin can be an
acceptable alternative to warfarin in patients who are poor candidates for oral
anticoagulant therapy because of risk factors for bleeding.

In patients older than 75 years oral anticoagulation is recommended because
of their high risk of stroke and inadequate protection by aspirin. However in the
very elderly AF patients anticoagulation should be used with caution and careful-
ly monitored because of the potential age-related increased risk of bleeding and
in particular of intracranial hemorrhage. As the risk of bleeding is related to the
intensity of anticoagulation, anticoagulant regimen at the lower end of the thera-
peutic range of INR 2.0 to 3.0 seems to be appropriate in these patients. An even
lower intensity of anticoagulation between 1.5 and 2.0 of INR appears to confer
an acceptable protection (80%-85% as effective) as recently demonstrated by the
time-exposure analysis of data in the SPAF III study.

It appears reasonable to consider aspirin for those who are poor candidates for
anticoagulation, patients with extracardiac causes of embolism (i.e. carotid artery
disease, aortic plaques) and patients without gross echocardiographic abnormali-
ties (i.e. atrial and left ventricle enlargement) favoring thrombi formation.

Bleeding is the most important complication of anticoagulant therapy. In par-
ticular conventional intensities of anticoagulation increase the risk of intracranial
hemorrhage 7- to 10-fold. Therefore cerebral bleed is often a major clinical con-
cern about anticoagulation in elderly patients for stroke prevention.

The key issue in using warfarin to prevent stroke and systemic embolism in
AF patients is whether the benefit of therapy outweights the risk of bleeding in an
individual patient [29]. Risk factors for bleeding during oral anticoagulant treat-
ment include intensity of anticoagulation, advanced age, recent initiation of war-
farin therapy and comorbid conditions.

In a recent prospective Italian collaborative study (ISCOAT) [30] the frequen-
cy of bleeding complications has been studied in outpatients treated routinely in
anticoagulation clinics. The rate of fatal, major and minor bleeding events was
quite low: 0.25, 1.1 and 6.2 per 100 patient-years of follow-up respectively. The
rate was higher in older patients and during the first 90 days of treatment com-
pared with later. The risk of bleeding was related to the intensity of anticoagula-
tion, even if one fifth of the bleeding events occurs at INR < 2.0.The risk of bleed-
ing complications in this study was much lower than those recorded in other pre-
vious observational and experimental studies. This means that oral anticoagula-
tion has become safer in recent years especially if monitored by specialized anti-
coagulation clinics.
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Safe anticoagulation requires monitoring with the INR that corrects for vary-
ing thromboplastin sensitivities. Studies of the optimal intensity of anticoagulant
therapy provide information about the target for each of the indications for this
therapy. In AF patients the risk of stroke increases at INR values below 2.0 [31],
while the risk of hemorrhage increases at INR above 4.5 (EAFT).

Caution is required in elderly patients. They should be treated at a low target
zone and anticoagulation intensity should be closely monitored to reduce periods
of overdosing. Finally, older patients on anticoagulation need to be carefully fol-
lowed so that conditions potentially interfering with oral anticoagulation can be
monitored.

Conclusions

Because of epidemiologic considerations the impact of AF in clinical practice is
extremely important not only for the cardiologist but also for the general practi-
tioner. Among the therapeutic goals to consider for patients with AF, the preven-
tion of thromboembolism comes first.

The indications for oral anticoagulant prophylaxis are expanding, particularly
among older patients, and are now much less empirical than in the past. Warfarin
prophylaxis not only substantially reduces embolic risk in AF, but has also an eco-
nomic impact. The impact of aspirin is uncertain given current available data. At
present time indications for aspirin are limited to AF patients with low throm-
boembolic risk or to those with high risk for anticoagulation.

Cost-effectiveness analyses have been performed in patients with NVAF incor-
porating costs of managing stroke, cost of warfarin prophylaxis and expenses of
managing bleeds. Also these economic analyses support the recommendation for
warfarin in patients who are at high or medium risk for stroke [32]. This strategy is
cost-saving in high risk patients and cost-effective in medium risk patients with AF.

Besides general guidelines based on the results of clinical trials, the risk/bene-
fit ratio for anticoagulation should be assessed by the cardiologist or primary
care physician in the individual patient with AF.
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Inappropriate Sinus Tachycardia: Mechanism and Therapy

C. PaproNEL, G. ORETO?, M. RiLLO! AND S. CHIERCHIA!

Definition

Inappropriate sinus tachycardia (IST) is a chronic non-paroxysmal tachycardia
arising from the sinus node, and is characterized by a sinus rate that is excessive
with respect to the level of physical or psychological stress. Apart from early con-
tributions given by Codvelle and Boucher [1] in 1939 and by Wising [2] in 1941,
the first clinical report dedicated to this particular arrhythmia was published in
1979 by Bauernfeind et al. [3]. Although the concept of IST is obvious, there is no
agreement on the quantitative criteria required for the diagnosis. This has result-
ed in substantial differences between published series of patients: for example all
Bauernfeind’s patients had resting sinus rate > 100 [3], whereas 5 out of 6
patients reported by Morillo et al. [4] had normal resting heart rate even though
reflecting an exaggerated rate response to physical activity.

Clinical Presentation

Inappropriate sinus tachycardia is far more common in females than in males,
with a 5:1 ratio, and has been mainly observed in young adults, with an average
age of about 30 years [5]. Symptoms include palpitations, dizziness, presyncope
or, more rarely, syncope. Physical examination is normal, as well as chest X-ray,
echocardiogram and laboratory tests; in particular urinary cathecholamines
have been shown to be normal.

Diagnosis

The diagnosis of IST requires not only the presence of an excessive sinus rate, but
also the exclusion of known conditions that are commonly associated with sinus
tachycardia such as hyperthyroidism, fever, pheochromocytoma, pulmonary dis-
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ease, heart failure, chronic infection, systemic disease, malignancy or drugs
affecting the heart rate (thyroid hormones, B-adrenergic agonists, theophylline,
xantines, alcohol, tobacco, etc.) [5].

The electrocardiogram is normal, apart from the increased heart rate, and the P
waves are typical of sinus origin, being positive in leads I, II and aVE Sinus tachy-
cardia is evident at rest, and an excessive and disproportionate heart rate increase
occurs as a consequence of even minimal efforts. This is clearly revealed by Holter
monitoring, that also elucidates the non-paroxysmal character of sinus tachycardia.
Typically in IST the heart rate in not fixed, being higher during the day than during
the night, and the increase in rate is not abrupt, but progressive [5].

Effort test results in exaggerated chronotropic response, and usually patients
attain the maximal heart rate at a very low workload.

Inappropriate sinus tachycardia should be distinguished from: (1) normal or
“physiologic” sinus tachycardia; (2) sinus node reentry tachycardia; (3) atrial
tachycardia arising from a region close to the sinus node [5]. It should be empha-
sized that clinical and electrophysiological features make the distinction between
IST and sinus node reentry tachycardia relatively easy, whereas differentiation of
atrial tachycardia from IST is often impossible. This is because the electrocardio-
graphic pattern of an atrial tachycardia arising from a region close to the sinus
node is identical to that of (physiologic or inappropriate) sinus tachycardia, and
even invasive studies do not provide clues for the distinction, unless atrial tachy-
cardia is due to a reentry mechanism, revealed by the ability to initiate and inter-
rupt the arrhythmia by means of programmed atrial stimulation. Moreover, a
moderate variability in P wave morphology, such as a slightly different P wave
axis and configuration during tachycardia, in comparison to normal sinus
rhythm, does not automatically suggest that tachycardia originates outside the
sinus node. This is because the sinus node is a very large and poorly defined
structure, made of countless pacemakers: any shift of the dominant pacemaker
within the node may, thus, be associated with small P wave changes that do not
necessarily express pacemaker migration outside the node. Using atrial activa-
tion maps obtained from patients undergoing cardiac surgery for WPW syn-
drome, Boineau et al. [6, 7] demonstrated that the right atrial pacemaker region
may correspond to a zone of 7.5 x 1.5 cm, namely longer and larger than the usu-
ally anatomically defined sinus node. In this respect it becomes meaningless to
distinguish between “sinus” rhythm and “ectopic” atrial rhythm on the basis of P
wave configuration.

The electrophysiological study in IST patients shows a normal high-to-low
right atrial activation, indistinguishable from that of sinus rhythm, and normal
electrophysiological parameters. Tachycardia cannot be initiated by electrical
stimulation [8].

It is worth noting that some patients with IST (5 out of 7 patients in
Bauernfeind’s series) are erroneously diagnosed as having paroxysmal supraven-
tricular tachycardia, and receive treatment with antiarrhythmic drugs [3].
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Mechanisms

Inappropriate sinus tachycardia may theoretically result from enhanced sinus
node automaticity or from autonomic nervous system imbalance, consisting in
either increased sympathetic tone or lowered vagal tone [5]. It is not clear
whether one single mechanism is responsible for all patients presenting with the
“syndrome” of IST, or whether substantially different mechanisms are involved in
different patients. To assess the role of these hypothetical mechanisms in deter-
mining IST, the following investigations have been performed: (1) determination
of the intrinsic heart rate (IHR), (2) evaluation of the response to isoproterenol,
propranolol or atropine administration, (3) study of the heart rate variability, (4)
study of the baroreflex response to vasopressor drugs, and (5) study of cardiova-
gal reflex activity.

The IHR after autonomic blockade (propranolol plus atropine) has been
determined by Bauernfeind [3], who observed an abnormal value in only 1 out of
7 patients, while in Morillo’s series [4] the IHR was increased in all 6 patients. In
Lee et al’s study [8] the average IHR of IST patients was significantly higher than
the expected value (118.6 + 8.6 versus 97.7 + 1.7; p < 0.01); IHR, however, was
within the normal range in 5 out of 11 patients in whom this parameter was mea-
sured. These conflicting data concerning IHR suggest that enhanced sinus node
intrinsic automaticity is not the only basic mechanism responsible for IST.

The response to propranolol and to atropine allowed Bauernfeind [3] to sepa-
rate his patients into 2 groups, since 2 patients had a marked decrease in heart
rate following propranolol (a normalization of sinus rate following the drug), and
relevant rate increase after atropine, while 5 patients showed only relatively small
sinus rate variations after propranol or atropine. These latter patients were
believed to have their IST explained by insufficient resting vagal influence, where-
as in the former ones an excessive sympathetic influence was estimated to be
responsible for IST. B-adrenergic hypersensitivity has also been observed by
Morillo et al. {4]: in their study the isoproterenol dose necessary to achieve an
increase in heart rate of 25 beats was markedly lower in IST patients than in con-
trols (0.29 £ 0.10 pg versus 1.27 £ 0.4 ug; p < 0.001).

The heart rate variability (HRV) in frequency domain has been studied by
Morillo et al. [4], who determined the LF/HF ratio and did not find any difference
between IST patients and sex- and age-matched healthy volunteers. In contrast,
Sgarbossa et al. [9] calculated the HRV in time domain in 6 IST patients and 6
control patients, observing a markedly reduced HRV in IST patients.

The baroceptor sensitivity has been studied in IST patients by Bauernfeind et
al. [3]; in response to phenylephrine, 2 patients (the ones reflecting an exaggerat-
ed sensitivity to propranolol) manifested a greater than normal cardiac slowing,
while the other 5 patients, in whom both propranolol and atropine were scarcely
effective, showed only a minimal cardiac slowing. These data confirmed the
author’s point of view that in some patients IST was the result of excessive -
adrenergic tone, revealed by high baroceptor sensitivity, whereas in other sub-
jects IST depends upon reduced vagal drive, demonstrated by scarce response to
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atropine and reduced baroreflex sensitivity. It is worth noting that in 2 patients
manifesting a scarce vagal influence on the sinus node, revealed by a minimal
change in rate following phenilephrine, the drug resulted in second degree type 1
A-V block. This suggested that there was a normal baroceptor vagal reflex,
expressed by normal efferent influence on the A-V node; the deficient sinus node
reflex response in these patients has been attributed to selective cholinergic
insensitivity of the sinus node, or to a reduced number of cholinergic receptors in
the sinus node area [3].

The cardiovagal reflex has been evaluated in Morillo’s study [4] by means of
the “cold face test”, consisting in application of cold pads (0° C) on the oph-
thalmic branches of the trigeminal nerves. Abnormality of the reflex was evident
in all IST patients, as demonstrated by a significantly minor heart rate decrease
with respect to normal subjects (6.3 + 2.1% versus 24 * 8.5%; p < 0.001).

Analysis of available data shows that no unique mechanism is responsible for
IST, but both enhanced sinus node automaticity and autonomic imbalance are
involved in various ways in different patients. Inappropriate sinus tachycardia,
therefore, should not be considered as a single entity, but as a spectrum of dis-
eases whose common denominator is an excessive resting sinus rate and/or an
exaggerated chronotropic response to effort.

Post-Ablation Inappropriate Sinus Tachycardia

A peculiar form of IST has been observed in patients submitted to catheter abla-
tion for A-V junctional reentrant tachycardia [10], and also in patients with
parahissian accessory pathways treated by radiofrequency ablation [11]. This phe-
nomenon has been observed only when the anterior or “fast pathway” approach
was used for ablation of A-V junctional reentrant tachycardia. Although the origin
of this type of IST is still debated, it has been suggested that tachycardia is due to
disruption of efferent vagal fibers that enroute to the sinus node through the atrio-
ventricular region. The same explanation may be applied to IST following catheter
ablation of parahissian accessory pathways, since in this procedure radiofrequen-
cy energy is applied to the anterior region of Koch’s triangle, in such a way that
lesion of vagal fibers may ensue, resulting in reduced vagal tone [10, 11].

Treatment

Patients with IST require treatment because of their symptoms. Theoretically,
asymptomatic patients with IST could be treated in order to avoid a possible
tachycardia-mediated left ventricular dysfunction; such a situation, however, has
not been reported up to now, so that treatment is entirely aimed at symptom relief.

Drug treatment is mainly based on -blockers or verapamil; administration of
B-blockers had a favorable effect in 5 out of 6 of Morillo’s [4] patients, whereas it
was totally unsatisfactory in Waspe’s patient [12] and in Lee’s study [8]. A new
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investigational drug, zatebradine, that acts as an inhibitor of hyperpolarization
activated current (If), results in significant sinus rate reduction in animals [13],
and has been well tolerated by healthy volunteers [14]. This drug might be used in
the future in IST patients, but it is not currently available.

Alternative therapeutical strategies include surgery and catheter ablation.
Subtotal right atrial exclusion has been reported in 1984 by Yee et al. [15] as a
possible solution in patients with refractory IST; the results of operation were
favorable, but nowadays a surgical approach appears unnecessary in these
patients, provided that catheter ablation is associated with a good success rate.

The catheter technique has been initially used either for radiofrequency A-V
nodal ablation, or for chemical ablation of the sinus node [16]. The latter
approach is no longer used, both because of possible complications and the wide-
spread diffusion of the radiofrequency technique. Ablation of the A-V junction is
not an optimal solution for IST, since it requires permanent pacemaker implanta-
tion. Moreover, if after A-V node ablation a dual-chamber pacemaker is inserted,
the problem of excessive sinus rate will still be present, since ventricular tracking
by atrial impulses will once more result in tachycardia, unless a “Wenckebach”
mechanism is used in order to avoid 1:1 A-V synchronization. It is worth noting
that in Lee et al’s study [8] 3 out of 16 patients treated with sinus node ablation
for IST had previously undergone A-V nodal ablation followed by permanent
dual-chamber pacemaker implantation: in these patients interruption of A-V
conduction did not result in satisfactory symptomatic relief.

The feasibility of radiofrequency ablation of the sinus node was first suggest-
ed by laboratory experiments. Laser coagulation of the sinus node region has
been performed in open-chest dogs, targeting the lesion on the basis of earliest
atrial activation [17]. The procedure resulted in permanent sinus rate lowering
without excessive bradycardia and without significant sinus pauses. Further labo-
ratory investigation proved that it was possible in dogs to achieve sinus node
modification by catheter application of radiofrequency energy [18]; the intrinsic
heart rate was reduced by 31%, as well as the maximal response to isoproterenol,
the maximal heart rate and the average heart rate. The first case of catheter abla-
tion of the sinus node for treatment of IST was reported by Waspe et al [12]: a 38-
year-old female with typical drug-refractory highly symptomatic IST underwent
electrophysiological study. Radiofrequency energy was applied in the sinus node
area, selecting the target for ablation on the basis of the earliest local activation; 6
radiofrequency energy pulses resulted in permanent sinus rate reduction, with
total symptomatic relief.

The largest series of IST patients treated with radiofrequency catheter abla-
tion has been reported by Lee et al. [8], who used 2 different procedures, defined
as “Total sinus node ablation” (4 patients) and “Sinus node modification” (12
patients). The end point was a heart rate reduction of > 50% for total sinus node
ablation, and a reduction of > 25% for sinus node modification. Radiofrequency
energy was applied along the crista terminalis, starting from its most superior
aspect, and giving further energy pulses to progressive inferior sites until the tar-
geted result was achieved. In the last 8 patients submitted to the procedure,
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radiofrequency energy application was guided by intracardiac echocardiography;
this resulted in a better recognition of the crista terminalis with respect to the
fluoroscopy-guided procedure, and ultimately in a more precise and systematic
approach to the sinus node, reflected in the reduction of the pulse numbers and
diminished fluoroscopy time. The results of total sinus node ablation are relative-
ly unsatisfactory, since the extensive node damage was followed by slow A-V
junctional escape rhythm, and 2 of 4 patients required pacemaker implantation
for prolonged pauses. Sinus node modification, in contrast, was followed by dis-
appearance of IST and did not require a pacemaker; only 2 out of 12 patients had
recurrences.

Conclusion

Inappropriate sinus tachycardia is a relatively rare arrhythmia characterized by
excessive resting heart rate and/or disproportionate sinus rate increase as a con-
sequence of mild effort. More than one mechanism may account for IST, includ-
ing enhanced sinus node automaticity, B-adrenergic hyperactivity, and reduced
vagal drive to the sinus node. In this sense IST may be regarded as the common
manifestation of different disorders, namely as a “syndrome” rather than as a sin-
gle disease. The clinical diagnosis is easy on the basis of standard ECG, Holter
monitoring and effort test. Secondary causes of sinus tachycardia must be ruled
out before diagnosing IST. Prognosis of patients with IST is poorly known; treat-
ment should be undertaken only for symptomatic relief. 3-blockers or verapamil
are suitable for the treatment of IST; in patients unresponsive to drugs, catheter
ablation of the sinus node should be recommended. Although the experience
with catheter ablation in patients with IST is limited, this technique appears very
promising, and clearly preferable to ablation of the A-V junction or surgical isola-
tion of the right atrium.
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What Is the Relationship between Atrial Fibrillation and Flutter
in Man?

M.D. LesH, EX. ROITHINGER, M.R. KARCH, P.R. STEINER AND A. SIPPENSGROENEWEGEN

Introduction

In typical human counterclockwise or clockwise atrial flutter, the barriers of the
right atrial reentrant circuit are reasonably well established, and curative abla-
tion with a high rate of success is available for this arrhythmia [1-7]. Atrial fibril-
lation has long been described as a disorganized or random phenomenon [8].
Recent studies, however, found evidence that the activation during atrial fibrilla-
tion is not entirely random [9], suggesting similarities among these common
arrhythmias. In an animal model, the conversion of atrial fibrillation into atrial
flutter and back has been shown to occur spontaneously [10]. In humans, howev-
er, the conversion of one arrhythmia into the other has not been extensively ana-
lyzed, although recent studies found evidence that especially atrial fibrillation
may spontaneously convert into atrial flutter [11, 12]. Thus, in the present article,
we will review the role of atrial anatomy for the relationship between atrial fibril-
lation and atrial flutter and its consequences for diagnosis and treatment.

Animal Models of Atrial Flutter and Fibrillation

Recent reliable animal models of atrial flutter demonstrated the necessity of bar-
riers in order to maintain atrial flutter. Sustained stable reentry without any
degeneration into atrial fibrillation occurred either around an Y-shape lesion in
the trabeculated right atrium [13], a crush lesion [14], or around a ligated crista
terminalis [15]. In the canine model of sterile pericarditis not involving artificial
obstacles, multielectrode mapping in the open chest state [16] demonstrated that
the onset of atrial flutter is preceded by a short period of atrial fibrillation. Using
the same model [10], the aforementioned group performed multisite mapping of
the conversion of atrial flutter to atrial fibrillation and atrial fibrillation to atrial
flutter. It was shown that the continuous lengthening of a line of functional block
along the right atrial free wall was critical for the maintenance of stable atrial
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flutter, whereas after adenosine-induced shortening of refractory periods, the
rhythm reverted back into atrial fibrillation.

Atrial Flutter and Fibrillation in Man

For human typical clockwise or counterclockwise atrial flutter, recent careful
activation and entrainment mapping studies have defined the tricuspid annulus
as the anterior barrier during atrial flutter [1]. Likewise, using intracardiac
echocardiography, the crista terminalis and eustachian ridge have been shown to
form a posterior barrier of the flutter circuit [2]. During typical counterclockwise
atrial flutter, the trabeculated right atrium - anterior to the crista terminalis and
Eustachian ridge - is activated superior to inferior, and the smooth-walled right
atrium - posterior to the crista terminalis and eustachian ridge - is activated infe-
rior to superior.

Little is known, however, about the mechanism and significance of the conver-
sion of atrial fibrillation to atrial flutter and vice versa. Watson and Josephson
[17] described a brief period of irregular atrial activity in one or more intracar-
diac leads in most of the patients with inducible atrial flutter during programmed
atrial stimulation. Using single intracardiac recording, Waldo and Cooper [11]
recently reported that a transitional rhythm, usually atrial fibrillation, precedes
the spontaneous onset of atrial flutter in patients following open heart surgery.
They noted that atrial fibrillation often slowed and became more regular in cycle
length prior to conversion to atrial flutter. Inadvertently induced atrial fibrillation
spontaneously organizing into atrial flutter is occasionally observed during inva-
sive electrophysiologic evaluation. We systematically analyzed atrial fibrillation
organizing into typical atrial flutter in patients undergoing multisite recording
during electrophysiologic study for atrial flutter [12].

Spontaneous Conversion of Atrial Fibrillation to Flutter in Man

From our consecutive series of patients undergoing electrophysiologic evaluation
of typical atrial flutter, atrial fibrillation lasting longer than 15 seconds and con-
verting spontaneously into typical atrial flutter prior to attempted catheter abla-
tion occurred in 10 patients (2 women and 8 men, mean age 66 * 6 years). Eight
of the 10 patients had no structural heart disease with echocardiographically
normal left ventricular function. One patient had idiopathic cardiomyopathy with
moderately reduced left ventricular function (ejection fraction 45%), and one
patient had coronary artery disease with a history of myocardial infarction,
bypass surgery and compromised left ventricular function (ejection fraction
25%). In 7 patients, all antiarrhythmic drugs, with the exception of digoxin, were
stopped at least 24 hours before the study. Three patients were receiving chronic
amiodarone treatment.

For mapping the right atrium, a 7F, 20-pole catheter (Cordis-Webster) with
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alternating 2 and 10 mm interelectrode distance (2 mm interpolar distance) was
situated in the trabeculated portion of the right atrium, as previously described
[1]. Furthermore, a multielectrode catheter was placed in the coronary sinus via
the right internal jugular vein. Bipolar intracardiac electrograms filtered between
30 and 500 Hz were recorded and stored digitally on a Cardiolab system (Prucka
Engineering) simultaneously with the 12-lead surface electrocardiogram.
Calculation of atrial fibrillation cycle length was performed on the Cardiolab sys-
tem using digital calipers. Twenty-five cycles of atrial fibrillation in two different
bipoles along the trabeculated right atrium were measured in every episode of
conversion of atrial fibrillation to atrial flutter: (a) 5 seconds after onset of atrial
fibrillation, (b) just prior to a more organized pattern of atrial fibrillation (see
definitions below), and (c) during the period of a more organized pattern of atri-
al fibrillation immediately prior to conversion to typical atrial flutter.

The macroreentrant circuit and the surface and endocardial appearance of
typical counterclockwise and clockwise atrial flutter have been well defined [1-3].
Atrial fibrillation was defined as a rapid atrial rhythm (rate > 260 beats per
minute) characterized by a variability of the beat-to-beat cycle length, morpholo-
gy, and/or amplitude of recorded bipolar atrial electrograms. Organized atrial fib-
rillation was considered present if discrete atrial complexes, separated by an iso-
electric baseline, were seen during 3 or more cycles over at least 3 cm along the
right atrial free wall. Disorganized atrial fibrillation was considered present if
atrial electrograms failed to demonstrate discrete complexes or isoelectric inter-
vals over at least 3 cm along the right atrial free wall.

In 10 patients, a total of 17 episodes (range 1-4) of atrial fibrillation organiz-
ing into typical atrial flutter were observed. Atrial fibrillation converted into typi-
cal counterclockwise atrial flutter in 14 episodes and into typical clockwise atrial
flutter in 3 episodes. Specific attempts to induce atrial fibrillation were not made.
However, atrial fibrillation was induced by rapid pacing during atrial flutter
entrainment in 7 episodes, by low energy internal cardioversion of atrial flutter in
order to restore sinus rhythm in 6 episodes, by rapid pacing during sinus rhythm
in order to induce atrial flutter in 2 episodes, and the onset was spontaneous in 2
episodes.

Prior to conversion of atrial fibrillation to atrial flutter, a characteristic
sequence of events was present in all 17 episodes (Fig. 1). First, a significant
increase in atrial fibrillation cycle length was found, from 146 + 26 ms 5 seconds
after onset of atrial fibrillation, to 165 £ 28 ms immediately prior to the occur-
rence of a more organized pattern of atrial fibrillation. Secondly, a long, electri-
cally silent period along the trabeculated right atrium with a mean duration of
264 ms in all 17 episodes was noted. Afterwards, organized atrial fibrillation was
present on the right atrial free wall, with a mean duration of 11 cycles. Before typ-
ical atrial flutter with a mean cycle length of 242 ms became established, another
activation delay was present, significantly longer than the preceding organized
atrial fibrillation and the subsequent typical atrial flutter. During the whole peri-
od of organized atrial fibrillation preceding atrial flutter, distinct potentials on
the coronary sinus catheter were present in all 17 episodes, although the atrial
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Fig. 1. A characteristic sequence of events in the conversion of atrial fibrillation to typical
counterclockwise atrial flutter. First, disorganized atrial fibrillation is present. Then, a
sudden activation delay occurs, such that the right atrial free wall is not activated for 205
ms (bipole TA 11-12). A period of 5 cycles of organized atrial fibrillation follows, with an
activation sequence characteristic for typical counterclockwise atrial flutter. After another
activation delay of 225 ms, typical stable counterclockwise atrial flutter with a cycle length
of 215 ms resumes. Note the recording in the coronary sinus, showing distinct atrial depo-
larizations even during disorganized atrial fibrillation, although a stable 1:1 relation of the
coronary sinus atrial signal preceding the activation sequence along the trabeculated
right atrium does not occur until the onset of typical atrial flutter. I, II, AVF, V1 = 4 sur-
face electrocardiogram leads; TA 1-2 - TA 19-20 = bipolar recordings along the tricuspid
annulus, TA 1-2 being low lateral right atrium and TA 19-20 being high trabeculated right
atrium; CS mid, prox = middle and proximal coronary sinus catheter recordings, respec-
tively; numbers = cycle length intervals in ms; numbers on the bottom = mean cycle
length intervals for all 17 episodes

coronary sinus signal was not synchronized to the activation sequence on the
right atrial free wall. With the onset of typical atrial flutter, however, a stable 1:1
relation between the activation sequence along the trabeculated right atrium and
the atrial activation recorded in the coronary sinus was established.

Although several limitations have to be considered, such as the absence of
septal and true left atrial recordings, we speculate that the increase in atrial fibril-
lation cycle length prior to organized atrial fibrillation is due to a coalescence or
annihilation of wavelets. Organized atrial fibrillation may represent an unstable
right atrial wave, as the coronary sinus activation was not synchronous to the
right free wall activation. Higher density recordings will be necessary to charac-
terize the precise activation during organized atrial fibrillation. We further
hypothesize that the crucial event for the onset of atrial flutter is the synchroniza-
tion of the right and left atrium. In all our studied 17 episodes, atrial flutter
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became established when the coronary sinus activation was synchronous to the
right free wall activation.

Atypical Atrial Flutter

Compared to typical counterclockwise and clockwise atrial flutter, where the
anatomic barriers have been well defined, less is known about true atypical atrial
flutter, a frequent laboratory arrhythmia with unknown clinical relevance.
Kalman et al. [18] have shown that the distinction between typical counterclock-
wise or clockwise flutter and atypical atrial flutter can be readily made from a
combined evaluation including activation and entrainment mapping. In 20
patients, induced atypical flutter showed a heterogenous ECG morphology even
in individual patients, a cycle length shorter than that of clockwise flutter, and no
consistent concealed entrainment. Furthermore, the clinical presenting arrhyth-
mia predominantly was either counterclockwise or clockwise atrial flutter, and
only 2 patients had true atypical flutter exclusively. Another feature which clearly
separated episodes of atypical and typical atrial flutter was the frequent transi-
tion from and to atrial fibrillation. In the absence of high density mapping and
consistent entrainment, circuit and barriers of atypical atrial flutter have yet to be
defined. Interestingly enough, however, 35% of patients with induced atypical
atrial flutter developed atrial fibrillation during the follow-up period.

The Role of Atrial Anatomy

Recent activation and entrainment mapping suggests that patients with typical
clinical and induced atrial flutter demonstrate a complete line of block along the
entire length of the crista terminalis and the Eustachian ridge [2]. The crista ter-
minalis has been shown to have poor transverse coupling even in normal subjects
[19], and an exaggeration of this normal anisotropy can therefore provide the
structural substrate for typical atrial flutter. Brief episodes of atrial fibrillation
are assumed to precede the onset of atrial flutter, but as soon as typical atrial flut-
ter becomes established, the reversion back into atrial fibrillation is unlikely. This
is also in keeping with the clinical observation that atrial flutter is a remarkably
stable arrhythmia, which may occasionally be present for many years once it is
initiated. Likewise, Stambler et al. [20] noted that adenosine administration dur-
ing type I atrial flutter did not cause degeneration into atrial fibrillation in 41
patients. In contrast, adenosine has been reported to consistently cause degenera-
tion of atrial flutter into atrial fibrillation in the canine model [10]. One possible
explanation for the disparity noted in adenosine’s effect in the canine model and
in man is that the line of block along the crista terminalis and Eustachian valve
[2,3] may be fixed in patients susceptible to typical atrial flutter, and is therefore
not affected by the adenosine-induced shortening of the refractory period. In
true atypical atrial flutter [18], on the other hand, the anatomical barriers are not
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well defined, and the frequent reversion from and to atrial fibrillation may sug-
gest a functional component in addition to incomplete anatomic obstacles.

Clinical Implications

Whereas predominant typical atrial flutter can be cured by radiofrequency catheter
ablation with a high rate of success and a low rate of complications [4, 5], few and
controversial data are available for patients with both atrial flutter and atrial fibril-
lation. Movsowitz et al. [21] found that catheter ablation of atrial flutter was not
proarrhythmic with respect to the occurrence of atrial fibrillation, and Katritsis et
al. [22] reported a decrease in the incidence of atrial fibrillation in a small number
of patients following typical atrial flutter ablation. Philippon et al. [23], however, re-
ported the late occurrence of atrial fibrillation after successful atrial flutter ablation
in 27% of patients without a prior history of atrial fibrillation, and Kalman et al.
[18] found that atrial fibrillation occurred in 35% of patients with clinical typical
atrial flutter and induced true atypical flutter. However, it may be possible that such
patients have had brief or asymptomatic periods of unmonitored atrial fibrillation
prior to ablation. Thus, patients with the requisite anatomic substrate for typical
atrial flutter may only present with clinical flutter if they also have some tendency
for atrial fibrillation. When the substrate for atrial flutter is removed by severing
the subeustachian corridor, patients may alternatively present with atrial fibrilla-
tion, since fibrillation can no longer stabilize into flutter. Until long-term follow-up
in a larger series of patients is available, one should be aware that atrial flutter abla-
tion might exchange the clinical presentation of one arrhythmia for another.

Conclusions

In patients with typical atrial flutter, anatomic barriers and obstacles have been
shown to be crucial for the maintenance of the flutter circuit. Short periods of
atrial fibrillation are assumed to precede the onset of atrial flutter, and crista ter-
minalis and tricuspid annulus might form a funnel which facilitates the sponta-
neous conversion from atrial fibrillation to flutter in man. Except for electrophys-
iologically induced true atypical atrial flutter, where the flutter circuit has not yet
been well defined, these anatomic barriers make either the spontaneous or phar-
macologically induced reversion back into atrial fibrillation very unlikely.
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Physiology of AV Junction:
What Have We Learnt from Radiofrequency Ablation?

F. GAITA, R. RICCARDI, M. SCAGLIONE, L. CALO, E. RICHIARDI, L. GARBEROGLIO
AND P. D1 DoNNA

The atrioventricular (AV) junction is a rather complex structure involved in the
genesis of the atrioventricular junctional reentrant tachycardia (AVJRT), which is
the most frequent supraventricular arrhythmia. The advent of radiofrequency
(RF) catheter ablation, that has been developed in the recent years, has provided
a new therapeutic tool for the radical cure of this arrhythmia. In the meantime
the more precise and extensive mapping of the septal region has provided new
insight in the physiology and anatomy of the AV junction. This has led to ques-
tioning of some previously accepted concepts on its electrophysiology, and rekin-
dled the interest of anatomists and experimental and clinical electrophysiolo-
gists, particularly in relation to the mechanism of reentry in humans.

Most of the knowledge on AV node physiology was acquired at the beginning
of the century and came from the studies by Mines [1]. Although many cellular
and anatomical studies on AV node electrophysiology and anatomy have been
performed since Mines’ studies in 1913, it was only sixty years later that Denes
[2] and Rosen [3] described the electrophysiologic phenomenon of dual AV
nodal conduction in humans. Using the techniques of intracardiac recordings
and programmed electrical stimulation, in patients with AVJRT, they demon-
strated the typical pattern of the dual AV nodal pathways.

Their data suggested that the AV conduction system was longitudinally disso-
ciated into two functionally discrete pathways. One pathway (the {3 or fast path-
way) had a rapid conduction and a relatively long refractory period in the
anterograde direction. The other pathway (the o or slow pathway) had a relative-
ly slow conduction and a shorter refractory period than the fast pathway. These
pathways have been considered to be the substrate for the reentrant circuit of
AVJRT also in humans where during the common type of AVJRT, anterograde
conduction occurs via the slow pathway and retrograde conduction via the fast
pathway. Although the exact site of the reentry and the tissues involved in the
reentrant circuit were not demonstrated, it was generally accepted, until a few
years ago, that the reentrant circuit was wholly intranodal and that common
pathways of AV nodal tissue were present above and below the reentrant circuit.
Using this model, however, it was difficult to understand and explain the results
of surgical ablation [4] at first, and catheter ablation more recently [5-10]. In fact,
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in 1985 Ross [4] showed that it was possible to cure the AVJRT with a surgical dis-
section or criolesion of the atrium, near the AV node, without affecting the nor-
mal AV conduction, thus suggesting that part of the reentrant circuit is outside
the AV node and also includes atrial fibers.

In fact, at the beginning of the 1990s some questions about AV node physiolo-
gy were still unresolved, such as: is the dual AV node pathway solely a pathologi-
cal finding or is it present also in normal subjects? Is the dual AV node pathway a
functional or an anatomic separation? Where exactly is the reentrant circuit
localized? Is it completely inside the AV node or is part of the atrium also
involved? Is the left atrium also involved? Are only two pathways present or in
some patients may there be more? Most of these questions has been clarified
thanks to the advent of catheter ablation.

In the past the presence of the longitudinal dissociation of the AV node was
demonstrated only in few (15%-35%) normal subjects without evidence of
AVJRT. However, more recently this percentage has grown to more than 80% of
cases [11, 12], suggesting that the dual AV node physiology is a common finding
in the general population. Hazlit [12], from the Oklahoma group, studying WPW
patients during heavy sedation in 1993, found the presence of dual AV node path-
ways, either anterograde or retrograde, in 82% of cases. These differences can be
explained considering the influence of the autonomic tone on the fast and slow
pathways. In an awake patient the adrenergic tone shortens the refractory period
of the fast pathway, thus hiding the conduction over the slow pathway. On the
other hand, in heavily sedated patients this is not the case and the conduction
over the slow pathway may become evident.

The exact site of the reentrant circuit sustaining the AVJRT has been more dis-
cussed in the last years. Sung [13] was the first to demonstrate in humans that the
fast and slow AV node pathways have anatomically distinct atrial insertions dur-
ing retrograde conduction in patients with dual AV node pathway physiology. The
retrograde atrial exit of the fast AV node pathway (characterized by a short VA
interval) was located in the anterior part of the septum, near the His bundle
recording site, while the retrograde atrial exit of the slow pathway (characterized
by a long VA interval) was located in the posterior part of the septum, near the
coronary sinus os, inferior or posterior to the exit of the fast pathway.

This was confirmed first by the surgical studies [4] and then by catheter abla-
tion studies initially of the fast and then of the slow pathway. Considering the fact
that in common forms of AVJRT, retrograde conduction is through the fast path-
way localized in the anterior part of the septum, the first attempts at catheter
ablation were performed in this zone [5, 6] demonstrating that it was possible to
modify the reentrant circuit preserving the conduction through the AV node.
These papers showed that a selective catheter ablation of the fast pathway with
DC shock was possible in about 80%-90% of patients, and then similar or better
results were obtained using RF current. However, the fast pathway is located very
close to the compact AV node and the His bundle, consequently the risk of com-
plete AV block was relatively high (2%-10%) considering that AVJRT is generally
a well tolerated and not life-threatening arrhythmia.
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A further demonstration that part of the reentrant circuit is extranodal, involv-
ing the perinodal atrium, was provided by the possibility of curing the AVJRT with
the selective ablation of the slow pathway through the delivery of RF energy in the
posterior part of the septum, far from the compact AV node. Nowadays slow path-
way ablation is generally preferred due to the lower risk of AV block; however, the
fact that the prevention of recurrences of AVJRT is possible by ablating either the
fast or the slow pathway in two very different places, far from each other, is anoth-
er demonstration that the two structures are anatomically separated and a broad
area of atrial tissue is comprised between them.

Three different approaches for slow pathway ablation in AVJRT were pro-
posed. The anatomical approach was proposed by Jazayery [7] and was character-
ized by a stepwise movement of the catheter from the posterior zone of Koch’s
triangle to the midseptal and anteroseptal zone, using only the recording of a
small AV ratio as an endocardial guide.

In the same period two other approaches were proposed; one by Haissaguerre
and us [8, 9] and the second by Jackman [10], both using endocardial potentials
to guide application of RF energy. These two potentials are often considered simi-
lar and this creates some confusion. However they are different not only morpho-
logically but also in the sites where they are recorded and in their electrophysio-
logic behavior and significance.

The potential described by Jackman [10] is sharp and it is the latest atrial elec-
trogram following a low amplitude atrial electrogram, during sinus rhythm
while, during atypical AVJRT, the sequence is inverted and the sharp potential
precedes the atrial electrogram. It can be recorded around the coronary sinus os,
sometimes above it, sometimes inside it, but usually below it.

The potential described by Haissaguerre and us [8, 9] is generally recorded at
the mid or posterior septum, anterior to the coronary sinus, but not inside or
posterior to it. Usually the site of a more vivid slow potential is projected at two
thirds anterior one third posterior of the area between the His bundle and the
coronary sinus os.

Although the morphology of the slow potential may be different in the vari-
ous patients, it can be identified based on its electrophysiologic behavior. In fact,
it is characterized by the progressive reduction in amplitude until it disappears
with atrial incremental pacing.

The two potentials can be recorded simultaneously in the same patient in the
posterior part of the septum and often, near the coronary sinus, an overlapping
zone is present where both potentials can be recorded. This overlap zone has
been well demonstrated by McGuire [14] through high resolution mapping of
Koclv’s triangle using sixty electrodes during open heart surgery in humans with
AVJRT.

The origin and the significance of these two potentials is not completely clear
and some investigations on them have been performed by some experimental elec-
trophysiologists. Some hypotheses have been suggested. One by Racker [15, 16]
who, using isolated canine heart preparation, suggested the presence of an atrion-
odal bundle, forming a sino-ventricular conduction system with anterior and pos-
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terior AV nodal inputs. The posterior is formed by medial and lateral internodal
bundle converging in the proximal AV bundle. At the level of the proximal AV
bundle it was also possible to record a slow potential, which she called “P poten-
tial”. In her paper published in 1993 [16], she proposed that the slow potential
recorded in humans may represent the activation of the proximal atrio-ventricu-
lar bundle recorded in dogs, while the sharp potential may be the expression of
the lateral atrionodal bundle lying in the low posterior septum. However a recent
study [11] showed that the concept of insulated atrionodal tracts has no morpho-
logic basis in humans.

A different explanation was proposed by de Bakker [17]. He showed that it
was possible to record a slow potential between the atrium and the ventricle in
the midseptal zone in human and in pig hearts and stated that slow potentials
arise from transitional cells and have action potentials similar to nodal cells.

In a more recent paper McGuire [18] showed it was possible to record poten-
tials like the slow potential in the mid of the septum and posterior zones, while
potentials like the sharp potential were recorded more posteriorly. Intracellular
recordings in the area where slow potentials were recorded showed an activation
potential similar to that recorded in the AV nodal cells. On the contrary, intracel-
lular recordings in the zone where the sharp potentials were recorded showed an
activation potential similar to that recorded in common atrial fibers. He
explained the different significance of the two potentials by suggesting that the
slow potential is due to a band of nodal-type cells close to the tricuspid annulus,
and it is not part of the compact AV node. They may represent the substrate of
the slow AV nodal pathway; on the contrary the sharp potential may be a far field
signal caused by asynchronous activation of muscle bundles above and below the
coronary sinus os.

Independently of their meaning, the use of slow or sharp potentials as mark-
ers for slow pathway ablation, in clinical practice, makes it possible to obtain a
high success rate with a selective lesion in the region of the slow pathway, without
affecting the compact AV node, with few RF pulses and a very low risk of com-
plete AV block.

In the past few years the existence of more than two pathways has been postu-
lated based on the fact that besides the two classical, well known slow-fast and
fast-slow forms of AVJRT, a third type has been described, called slow-slow and,
using two pathways both with slow conduction in the anterograde and retrograde
limb of the circuit. In this type of tachycardia AH and HA intervals are similar
and both long, while the activation sequence shows the earliest retrograde atrial
activation near the coronary sinus os in the region where the slow pathway is
generally ablated. This demonstrates that at least in some patients more than two
pathways may be present.

Although many years have elapsed since the first works on physiology of the
AV junction, several questions are still unresolved and a wide space remains for
further studies.
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What Is the Clinical Significance of Ventricular Repolarization
Abnormalities during Supraventricular Tachyarrhythmias?

N. Pararerral, G. Fucal, Y. PaNavou? AND P. ALBONI!

Tachycardia-Related T Wave Changes

T wave changes can be classified as either primary or secondary. Primary T wave
changes have been defined as the result of uniform or nonuniform changes in
action potential duration in the absence of changes in the sequence of activation.
Secondary T wave changes have been defined as reflecting changes in the sequence
of repolarization that result solely from changes in the sequence of activation,
without any abormalities in the duration and shape of action potentials [1-3].
However, Chatterjee et al. [4] and Rosenbaum et al. [5] demonstrated that pro-
longed alteration in the sequence of activation caused by ventricular pacing not
only caused secondary T wave changes during the period of pacing, but that con-
spicuous T wave changes persisted for a long time after pacing was terminated and
a normal supraventricular activation pattern had resumed. In other affections,
such as intermittent left bundle branch block, ventricular tachycardia, or ventricu-
lar preexitation transient T wave alterations can be present. These alterations per-
sist after normalization of ventricular activation and, for the most part, in the
absence of known myocardial disease that would allow these T wave changes to be
classified as primary. This finding has been interpreted as “memory”, that is the
heart adjusts its repolarization to an altered activation sequence and retains the
adapted state long after the activation sequence in normalized. However, the basic
electrophysiological mechanism of “cardiac memory” is controversial.

A role for the ventricular gradient between epicardium and endocardium has
been suggested [3]. A number of investigators provided evidence that the ven-
tricular gradient was independent of the activation sequence and related to
intrinsic properties of the myocardium occurring during repolarization [6-9].
Later, other investigators suggested that the sequence of activation may alter the
ventricular gradient [10-16] and that regional differences in action potential
duration might be secondary to the activation sequence. If the depolarization
time is longer, a secondary effect may outweigh the electrotonic modulation and
produce a discordant QRST relationship. Therefore, the activation sequence may
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electrotonically modulate the order of ventricular repolarization and create its
own ventricular gradient. This mechanism could explain T wave changes which
occur after the reversal of abnormal depolarization sequences such as those
noted after an intermittent bundle branch block, temporary right ventricular pac-
ing or an intermittent Wolff-Parkinson-White syndrome.

Therefore, the mechanism of electrotonic modulation alone cannot be
responsible for the slowly developing and persistent effects on repolarization.
Other possible mechanisms have been suggested, such as ischemia, local tissue
injury induced by electrical stimulation, autonomic reflex alteration [17] or dam-
age to the afferent or efferent cardiac nerves [18]. Del Balzo et al. [19] hypothe-
sized that a likely mechanism for the slow modulation of repolarization and its
prolonged retention might be searched for in some form of conditioning of a cel-
lular or molecular structure of the myocardium. To test this hypothesis the
authors investigated the effects of lidocaine, a local anesthetic that accelerates
repolarization, and the effects of 4-aminopyridine, an agent whose major effect is
to block the transient outward potassium current Ii,. The authors evidenced that
in the open-chest anesthetized dog model lidocaine does not modify the changes
in the T wave occurring during normal conduction after a period of right ven-
tricular pacing, but 4-aminopyridine effectively abolished the T wave changes.
Thus the conditioning by cardiac pacing of channels carrying I, may account, at
least in part, for the phenomenon of cardiac memory. In other words, T wave
changes may reflect the effect of an electrical field on channel structure or func-
tion rather than a pathological condition.

ST Tachycardia-Related Alterations

Besides T wave alterations occurring after a period of abnormal ventricular
depolarization, an abnormal repolarization can also be observed during paroxys-
mal supraventricular tachycardia. In fact, during this arrhythmia a marked ST
segment depression has been described, sometimes associated with chest dis-
comfort, simulating angina pectoris. Nelson et al. [20] investigated this repolar-
ization abnormality; the main findings reported were the following: (a) some
degree of ST segment depression was present in about 100% of the 25 patients
during reentrant supraventricular tachycardia induced by programmed stimula-
tion, (b) ST segment depression during supraventricular tachycardia does not
appear to be associated with myocardial ischemia because the myocardial lactate
extraction remained unchanged from baseline in 88% of the patients, (c) the
mean ST segment score (calculated by summing the amount of ST depression in
each lead) measured during AV nodal reentrant tachycardia did not differ signifi-
cantly from the ST segment score measured during tachycardia retrogradely
involving an AV bypass tract, and (d) the presence of chest discomfort in 64% of
the patients did not correlate with the mean ST segment score, nor with the
tachycardia cycle length, the arterial pressure or the lactate extraction.

The lack of a role for myocardial ischemia in the genesis of ST segment
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depression during paroxysmal supraventricular tachycardia has been confirmed
by Petsas et al. [21] who demonstrated that ST segment depression observed in 16
patients during episodes of paroxysmal supraventricular tachycardia cannot be
reproduced during exercise testing in the vast majority of cases.

Present Study

The purpose of the present study was to systematically investigate (1) the ST seg-
ment depression during spontaneous paroxysmal supraventricular tachycardia
and (2) ST-T alterations during sinus rhythm, after the interruption of the
arrhythmia.

We prospectively investigated 81 patients admitted to our Division of Cardiology
for paroxysmal supraventricular tachycardia. The inclusion criteria were the follow-
ing: (1) parexysmal supraventricular tachycardia with narrow QRS complexes due to
AV nodal reentry or reentry involving a concealed AV bypass tract, (2) absence of
ventricular pre-excitation during sinus rhythm, (3) documentation of a previous
standard electrocardiogram (ECG) performed during sinus rhythm.

The following variables were analyzed: heart rate and ST-T segment alter-
ations during tachycardia, heart rate and ST-T segment alterations after sinus
rhythm had restored and in subsequent ECGs. A 12-lead ECG was performed dur-
ing tachycardia, one minute after normal sinus rhythm had restored and every 6
hours thereafter untill normal repolarization appeared.

The examinations required to define the presence and the type of underlying
heart disease in each patient were carried out.

Patients

The mean age of these 81 patients was 56 years (range 8 to 84 years); 61 were
female. Sixty-six patients had no history or clinical evidence of underlying heart
disease and 15 showed organic heart disease (5 hypertensive heart disease, 4
ischemic, 3 valvular heart disease, 1 congenital heart disease, not well defined car-
diac enlargement in 2 patients).

At the admission to the hospital, 24 patients were taking antiarrhythmic
drugs. In 38 patients conversion to sinus rhythm was obtained with vagal maneu-
vers, in 10 with verapamil infusion, in 5 with amiodarone, in 6 with propafenone,
in 3 with ATP and in 9 with atrial pacing. In 10 patients conversion to sinus
rhythm occurred spontaneously just after the hospital admission.

The data were analyzed utilizing the Mann Whitney test for two independent
samples, and correlation coefficient for 2 tailed significance.

ECG Findings

The supraventricular tachycardia appeared related to AV nodal reentry in 73
patients and to concealed bypass tract in 8 [22]. The tachycardia duration was
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172 + 216 min (range from 3 min to 16 hours) and the heart rate was 173 £ 26
beats/min (range from 100 to 230 beats/min).

ST Alterations during Tachycardia

A ST segment depression > 1 mm in one or more leads was present in 55 patients
(68%). With regard to ventricular repolarization localization in these 55 patients,
the ST segment was depressed in one or more of the inferior leads (II, III, aVF) in
36 patients (65%), in the lateral leads (I, aVL, Vs, Ve) in 40 patients (73%), in one
or more of the anteroseptal leads (V-V4) in 49 patients (89%). The amount of the
maximum ST segment depression was 2 + 1 mm (range from 1 to 5 mm): Age,
heart rate during tachycardia and prevalence of organic heart disease did not sig-
nificantly differ between patients with and without ST segment depression.
Tachycardia duration was significantly longer in patients without ST segment
depression (Table 1).

Table 1. Comparison of clinical and electrocardiographic variables between patients with
and without ST segment depression during supraventricular reentrant tachycardia (T)

Patients with ST Patients without ST

segment depression  segment depression p value
(55 pts) (24 pts)

Age 57 £ 18 54+ 13 NS
(years)
Heart rate during T 176 + 21 167 + 32 NS
(beats/min)
T duration 140 £ 179 278 £ 290 0.05
(min)
Heart disease 13 2 NS
(pts)

NS, not significant

Comparing patients with organic heart disease to those without underlying
heart disease, the former were older (65 + 16 vs 54 £ 16 yrs, p = 0.01) and showed
a more marked ST segment depression (2.6 £ 1 vs 1.8 + 1 mm, p = 0.02). In both
groups the heart rate during the tachycardia showed an indirect correlation with
age (r = -0.34, p = 0.005) but it did not correlate with the amount of the ST seg-
ment depression.

ST-T Alterations after Interruption of the Tachycardia

A complete follow-up, with ECGs recorded every 6 hours until normalization of
repolarization was possible in 61 patients. Thirty-six out of these did not show
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any ST-T segment alteration, whereas 25 (41%) showed negative T waves (not
present in the previous standard ECG recorded during sinus rhythm before the
tachycardia access). Twenty of these patients had ST depression during tachycar-
dia (Table 2).

Table 2. Comparison of clinical and electrocardiographic variables between patients with
and without ST-T alterations after sinus rhythm had been restored. T = supraventricular
reentrant thachycardia

Patients with Patients without
ST-T alterations ST-T alterations p value
(25 pts) (36 pts)
Age 56 £ 17 59+17 NS
(years)
Heart disease 5 8 NS
(pts)
Heart rate during T 172 £20 177 £ 27 NS
(beats/min)
T duration 128 £ 121 174 + 234 NS
(min)
ST depression during T 1.7+1 1.6+1 NS
(mm)

NS, not significant

The mean duration of ST-T abnormalities was 70 + 73 hours (range 6 hours
to 14 days), these 25 patients did not differ from the 36 without ventricular repo-
larization alterations as regard to age, heart rate and duration of the tachycardia,
and the amount of ST segment depression during the tachyarrhythmia. The post-
tachycardia repolarization abnormalities were slightly more frequent in the
patients with organic heart disease than in those without underlying heart dis-
ease (46% vs 32%).

Repolarization abnormalites normalized within 6 hours in one patient, with-
in 24 hours in 7 patients (28%), within 48 hours in 15 (60%), within 72 hours in
20 (80%), in the remaining 5 patients the alterations persisted for 4-14 days
(Figures 1-3).

Conclusions

It has been reported that ST depression is a very common finding during parox-
ysmal supraventricular reentrant tachycardia. The present study is the first
examining ST segment alterations during spontaneous access of reentrant tachy-
cardia. It has been previously demonstrated that this finding is not related to
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Fig. 1. Patient MA, 46 years old, without apparent organic heart disease. During tachycardia
an ST segment depression is present in the anteroseptal leads

Fig.2. Same patient as in Figure 1. At the end of tachycardia negative T waves progressively
appeared. After 72 hours negative T waves were present in the anteroseptal, lateral and
inferior leads
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Fig. 3. A complete normalization of repolarization appeared only after 7 days. In this
patient a successive exercise test, myocardial scintigraphy and coronary angiography
failed to demonstrate the presence of ischemic disease

ischemic heart disease [21, 22]. We found an ST depression during tachycardia in
about 70% of patients. This alteration can be present in all the ECG leads, espe-
cially in the anteroseptal ones and does not appear to be related to age, heart rate
during tachycardia, tachycardia duration and presence of heart disease. The etiol-
ogy of these abnormalities remains unknown; very likely ionic currents alter-
ations, secondary to the high rate, play a major role.

Up to now ventricular repolarization alterations after tachycardia interrup-
tion have not been investigated. We have found negative T waves in about 40% of
patients. The post-tachycardia repolarization abnormalities do not appear to be
related to age, heart rate during tachycardia, tachycardia duration or presence of
organic heart disease. The findings offered by effort scintigraphy and coronary
angiography in the patients with long-lasting negative T waves are normal.
Therefore the etiology of post-tachycardia repolarization abnormalities remains
unknown, as well, but our results suggest that these alterations are not relevant
from the clinical point of view.
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Prolonged or Failed Attempts at RF Ablation of Accessory
Pathways: What Are the Causes?

J.A. SALERNO-URIARTE!, R. DE PoNTI!, C. STORTIZ, M. ZARDINI! AND M. LONGOBARDIZ

In 1997 almost the entire population with arrhythmias related to the presence of
an anomalous AV pathway (AP) is treated successfully by radiofrequency
catheter ablation (RF-CA) without excessive difficulty, but in some cases a very
prolonged procedure or a second session or both are required to obtain a suc-
cessful outcome [1].

In this report we analyze the reasons for these findings in a large group of
consecutive patients with APs undergoing RF-CA at the Laboratory of
Electrophysiology of the University of Pavia over the past few years.

Population

In this review we report the results obtained by our group at the I Medical School
of the University of Pavia between January 1991 and December 1996. In this
series of 670 patients, the first 100 patients treated until October 1992 were
excluded from the study because they were considered to be part of the learning
curve of the main operators.

We considered as the procedure time (PT) the entire duration of the electro-
physiologic study (pre- and post- RF-CA EPS), including the time required to
insert catheters, to obtain electrophysiologic measurements during sinus rhythm
and during tachycardia, to manage atrial fibrillation, etc. and not only the time
required for mapping and for RF-CA itself.

In cases with more than one mechanism of tachycardia (i.e. more than one
AP, nodal + AP reentry, etc.), the entire amount of time required to achieve the
final success was considered. The reason for this choice is that we considered
every individual consecutive patient and not the single AP.

If the PT required to ablate an AP exceeded the sum of the mean duration
required in our laboratory to treat patients with APs plus the value of the SD (138
+ 52 min), it was considered as a lengthy procedure. No procedure was longer
than 300 min because this was the upper limit permitted in our laboratory for
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administrative reasons (regarding physicians, nurses, technicians, etc.). According
to this criteria, 98/570 patients where considered in this study. Sixty-eight
patients of this study were males and 30 females and their mean age was 33 + 16
years (range 4-70). Five had an Ebstein anomaly, one a dextrocardia, one a con-
genitally corrected transposition of the great vessels and one a hypertrophic car-
diomyopathy. In 47/98 patients, a single but very long procedure was carried out
(PT 205 * 34 min), in 37/98 patients a first failed attempt (PT 245 + 55 min)
required a second one (PT 152 + 56 min) to reach a successful outcome and final-
ly in 14/98 patients after the first (PT 239 * 54 min) and the second attempt (PT
192 * 68 min), a third one (PT 123 £ 63 min) was necessary.

Among these 98/570 patients, the first 74/320 (23%) patients were treated by
RF-CA until June 1995 without temperature control mode, while in the last
24/350 (7%) cases, treated between July 1995 and December 1996, the energy
delivery was guided by temperature monitoring.

All the patients (pts) who experienced a second RF-CA for pre-excitation
recurrence, were excluded. On the other hand, in this analysis we included 8/570
cases (1.4%), in whom, after unsuccessful RF-CA performed in our Institute, the
final success was obtained by cryosurgery (3 pts), by drugs (4 pts) or by RF-CA
performed in another Institution (1 pt).

Electrophysiologic Procedure (Pre-EPS + Mapping + RF-CA +
Post-EPS etc.)

The EPS and the RF-CA were performed in every patient in the same session.
After the insertion of 3 catheters (two 6F diagnostic, multipolar catheters and one
7F ablator catheter) utilized both for recording and for electrical stimulation, a
standard EPS was carried out. Mapping and CA were performed using the same
ablator catheter (Mansfield EP, Webster-Cordis, Medtronic and EP Technologies).
Recordings and analysis during the procedure were made by Bard or Mennen
devices. RF energy was delivered by a Medtronic source (using catheters with a
thermocouple) and EPT (using catheters with a thermistor). ACAC or EPT
devices for RF delivery were used in the initial group of patients in whom the RF-
CA was performed without temperature control.

For the ablation of left-sided APs, a transseptal approach was used as the first
choice technique. Among the 48 cases with a left-sided AP considered in this
analysis, in five patients it was necessary to switch to the transaortic one. The
inferior vena cava approach was used for septal and right-sided AP. Among the 50
cases with septal or right-sided AP considered in this study, in six patients it was
necessary to switch from the inferior to the superior vena cava in order to
enhance catheter stability.
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Study Protocol

The analysis reported here was performed retrospectively. The majority of the
patients (38/42), who had previously undergone one or multiple failed attempts
in another hospital, were excluded since according to our point of view, their RF-
CA procedures did not present particular difficulties. However, the remaining 4
patients who underwent prolonged or multiple RF-CA procedures at our
Institution were considered in this study.

The different causes of lengthy or failed RF-CA procedure are reported in the
following list:
1) Problems related to catheter manipulation
2) Mechanical temporary ablation
3) Inaccurate localization of APs
4) Epicardial APs
5) Unusual APs
6) Very complex APs
7) Iterative atrial fibrillation
8) Associated abnormalities
9) Multiple problems

All the 98 patients were assigned to one of these groups or more, according to
the problem(s) encountered during the ablation sessions.

Results and Discussion

- Single and multiple Aps: 17 patients (17%) of this study had two APs and in
4/17 a third AP was also present. The prevalence is different from the one in the
overall group of 570 consecutive patients treated in our laboratory (11%).
Latent and manifest Walff Parkinson White (WPW): among the 98 patients,
81% showed ventricular pre-excitation, while the remaining 19% had a con-
cealed AP. Also the prevalence of concealed AP was slightly different from the
one in the entire population (17%).

Location of APs: we learned from our previous experience of surgical ablation
in WPW syndrome, the use of the clock hours scheme to map and to define the
location of APs. In left anterior oblique projection, we considered the mitral and
tricuspid rings as two different clocks; six o’clock corresponds to the posterior
limit, while 12 o’clock to the anterior one. The location of the APs was classified
according to the site of successful RF-CA, as shown in Table 1 (5 on right side, 5
on left side and 1 septal).

Problems Related to Catheter Manipulation (40/98; 41%)

Out of all factors conditioning the final success during RF-CA, the most relevant
was related to the stability of the catheter, that is the inability of the operators to
firmly position the mapping-ablator catheter at the ideal target site. This was the
case in 40 of these patients. In 23 cases, the PT of a single RF-CA was very pro-
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Table 1. Location of the AP in cases with prolonged or failed ablation attempt. (98 patients
had 115 APs)

Septal 3
R - Antero-medial 6
R - Anterior 5
R - Lateral 10
R - Posterior -
R - Postero-medial 30
L - Postero-medial 15
L - Posterior 3
L - Lateral 35
L - Antero-lateral 5
L - Anterior 3

R, right; L, left

longed, while in 17 patients two attempts were necessary. The majority of these
cases had APs located in the lateral regions of the AV rings both right and left.
Catheter stability was reached in many of these cases by using EPT catheters
rather than Mansfield, Webster-Cordis or Medtronic catheters that are the first
choice catheters used for ablation in our center like in many others.

In two cases with a lateral right-sided accessory pathway, the success was
achieved by using 60 cm guiding sheath (Daig Corp.). To enhance catheter stabili-
ty in another 6 patients with a right free-wall AP, the success was reached by
switching from the inferior to the superior vena cava approach.

Mechanical Temporary Ablation (5/98; 5%)

This situation is often closely related to the excessive manipulation of catheters, but
in some cases there is a propensity to a traumatic lesion related to some particular
localization of the AP, placed endocardially. This finding was observed in 5 cases.

A temporary mechanical ablation was induced several times in two cases with
parahissian APs before the definitive RF-CA. A traumatic lesion is also frequent in
cases with the so-called Mahaim fibers and we observed this condition in two cases.
According to our experience, traumatic lesion of this arrhythmogenic substrate
results in methodologic problems and it can be seldom considered as a useful
tool in localizing the accessory connection.

In the remaining patient, who had a left free-wall AP, the first session of RF-
CA was interrupted because of a prolonged catheter-induced mechanical lesion.

Inaccurate Localization of APs (8/98; 8%)

What we learned during our experience with surgical ablation performed in 180
cases treated in the Eighties was very helpful in the initial part of the learning
curve of REF-CA, when one of the limitations to final success was related to inac-
curate localization of APs. For example, an oblique course of some APs, specially
in the region of the crux cordis, can be responsible for the difficulties in the pre-
cise localization of a postero-medial AP during mapping. In this area, the ventric-
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ular insertion is far from the atrial insertion of the AP: the former is placed at the
pyramidal body of the left ventricle, which can be reached from the left side (in
our case with transseptal catheterization) and the latter at the right side, which
can be ablated from the orifice of the coronary sinus. For this reason, in these
cases (4 in this population) we firstly approach the right side and then completed
the RF-CA from the left side via the atrial approach.

It is possible to find an oblique orientation also in patients with APs placed in
the left free-wall (2 cases) or at the right side of the heart (1 case).

Epicardial APs (29/98; 30%)

Epicardial location of an AP was observed in cases with accessory AV connections
placed in the left free-wall or in the postero-medial region. In the cases with left
free-wall APs and multiple unsuccessful procedures, we prefer cryosurgical ablation
to avoid RF energy applications in the distal part of the coronary sinus. In this
series, three patients were surgically treated after unsuccessful attempts of RF-CA
from the endocardium.

In the crux cordis, epicardial location of several components of an accessory
AV connection is not infrequent and it is anatomically related to the orifices of
the coronary sinus and/or the middle cardiac vein. This was the finding in 17 of
the cases considered here. In every case, it was possible to demonstrate anom-
alous components placed both at the left and at the right side.

In 3 cases, postero-medial multicomponent epicardial APs were ablated only
by using close-circuit irrigated catheter (Cardiac Pathways) to enhance the depth
of the lesion, after a conventional unsuccessful RF-CA.

Unusual APs (6/98; 6%)

In six patients, the unusual ventricular insertion of the APs was the reason for a
very long procedure. Four of them exhibited a right lateral AP with decremental
atrio-fascicular Mahaim-like fibers and the very distal insertion into the right
ventricle was the reason for the abnormal finding. In one patient with hyper-
trophic cardiomyopathy and bilateral APs, both appendages inserted directly to
the ventricular epicardium, far from the AV rings. In one patient without manifest
WPW a very unconventional ventricular insertion was reached from inside the
aortic root at the level of the non-coronary cusp.

Complex APs (29/98; 30%)

A very important complexity of the AP was the reason for a prolonged attempt of
RF-CA in 29/98 patients. The most frequent finding during these situations was a
very broad but not necessarily epicardial AP. The prevalence of such a finding is
increased in this series with the respect to the overall population, in whom com-
plex APs were observed in 4% of the cases. In many of these patients, we could
not idertify the anatomical basis for the complexity; in some of them the pro-
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longed PT was presumably related not only to a very broad insertion but also to
either catheter manipulation and/or inaccurate mapping.

Iterative Atrial Fibrillation (5/98; 5%)

More than one third of patients with manifest WPW undergoing RF-CA showed
one or more episodes of atrial fibrillation during EPS, mapping and/or RF-CA
itself, but only in 10/570 (1.8%) cases was it necessary to perform the procedure
during this arrhythmia because of its iterative nature. In five of them the pres-
ence of a very high rate rendered the RF-CA very difficult and prolonged.

Associated Abnormalities (8/98; 8%)

In 8 cases, the presence of an associated congenital abnormality, rendered the
ablation attempt(s) very complex. Such a problem was related to the presence of
an Ebstein anomaly in 4 patients, dextrocardia in 1, congenitally corrected trans-
position of the great vessels in 1 and bilateral hypertrophic cardiomyopathy in 1
(in this case other problems were associated as well).

Multiple Problems

It appears from our data that in about one third of the patients, multiple prob-
lems had to be faced during a RF-CA procedure.

Conclusions

Today, very prolonged or failed attempts at RF-CA of APs are very rare. In our
experience, this increased success rate seems to be related to the temperature
control at the interface between the tip of the catheter and the myocardium dur-
ing energy application. A variety of reasons (catheter manipulation and instabili-
ty, mechanical temporary ablation, inaccurate localization of APs, epicardial
insertion of APs, unusual APs, very broad APs, iterative or permanent atrial fibril-
lation, associated anatomical abnormalities and finally different problems com-
bined together) which are listed in the present paper can be responsible for pro-
longed or failed ablation attempts; each problem asks for a specific solution. The
knowledge and of possible problems the prompt understanding that one of these
variables is conditioning the ablation procedure may be helpful in difficult cases.
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AFTER ACUTE MYOCARDIAL INFARCTION



What Is the Clinical and Prognostic Significance of
Atrioventricular and Intraventricular Conduction Defects?

E. PiccoLo AND G. ZUIN

In dealing with these electrocardiographic questions, we cannot leave aside the
classical notions developed during the pre-thrombolytic era, since these will
always constitute, as much as possible, the premise and the point of reference for
the various analyses that we will develop. Moreover, we will attempt to deal sepa-
rately with the incidence of the various conduction defects and their diagnostic
and prognostic significance. In addition, our assessment of prognostic signifi-
cance will be subdivided in order to deal separately with the period of hospital-
ization and the post-discharge period up to a year after the onset of infarction.

Atrioventricular Blocks (AVB)

In AM]J, first-degree AVB, Mobitz 1 and complete AVB (AVB III) are more fre-
quent in inferior AMI, and show an incidence of < 15%, < 10% and 5%-15%
respectively [1]. Their origin is nearly always suprahisian, i.e. nodal. Mobitz 2, on
the other hand, is more frequent in anterior AM]I, is of infrahisian origin and is
fairly rare (< 1%) [1]. In a study of 250 first infarctions, Opolksi et al. in 1986 [2]
found AVB I in 1%, and AVB II or III in 18%. Constans et al. [3] report an overall
incidence of AVB of 7.7% and a 4.1% incidence of AVB III (2.4% in anterior AMI
and 5.7% in inferior AMI).

The above data refer to the pre-thrombolytic period, during which attempts
were also made to draw up a risk score for the appearance of AVB III by analyz-
ing the ECGs of AMI patients. This risk is low (1.2%) when conduction defects do
not appear in the ECG during the acute phase; it increases to 7.8% if RBBB
appears, to 25% in the presence of bifascicular block (including LBBB) and to
36.4% when AVB I or II is associated to bifascicular block [4].

It was also observed that Mobitz 1 constitutes 90% of cases of AVB I, is near-
ly always transient, disappearing within the first 72 hours, is often intermittent
and rarely progresses to AVB III. By contrast, Mobitz 2, which is of subhisian ori-
gin, is accompanied by a wide QRS complex and often progresses to AVB III [1].

Studies carried out after the advent of thrombolysis show a 5.3% overall inci-
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dence of AVB III, which is higher in inferior AMI (10.4%) than in anterior AMI
(2.0%) [5]. This is the same incidence as was seen in the previous studies and
reveals no significant difference between thrombolysis-treated patients and con-
trols (5.0% vs 5.7%) [6, 7]. There is, however, a lower incidence of AVB III in non-
Q AMI (2.0%) [8] than in all the other cases (5.7%), and in inferior AMI without
elevated ST in V4R (2%), which is indicative of extension to the RV, when com-
pared with inferior AMI with elevated ST in V4R (9%) [9].

AVB I and Mobitz 1 do not influence prognosis. AVB III in inferior AMI
almost always results from AVB I-II, and the accompanying 15% mortality rate
doubles if there is RV involvement. In anterior AMI, AVB III is of sudden onset or
stems from Mobitz 2; it is associated with extensive infarcts and has a very high
mortality rate (70%-80%) [1].

In Constans' study [3], which dates from the pre-thrombolytic period, all con-
duction disorders, whether A-V or ventricular, were included in the assessment of
mortality. In the acute phase (first 3 weeks) of anterior AMI, mortality rates were
32% and 22%, respectively, in the presence and absence of conduction disorders.
In inferior AMI, however, there was no significant difference (11% vs 10%). In the
late phase (24-78 months) of anterior AMI, the respective mortality rates were
40% and 20%, while in inferior AMI mortality was again unchanged (30% vs
30%). While this study confirms that mortality is lower in inferior AMI than in
anterior AMI, it does not enable us to distinguish between the risk engendered by
A-V blocks and that engendered by ventricular blocks. Consequently, the mortali-
ty reported by Constans [3] in anterior AMI with AVB III is lower than that
reported in the other studies, and no prognostic difference emerges between infe-
rior AMIs with and without AVB III

The large-scale trials carried out on thrombolytic therapy not only enabled
the influence of this treatment on mortality to be evaluated, but also yielded data
on a very large number of patients, therefore providing better statistical signifi-
cance. The GISSI study [5], which assessed mortality in the acute phase (first 15
days following the onset of pain) in patients with or without AVB III, recorded
mortality rates of 21.1% and 8.1% respectively (p = 0.001) for the whole popula-
tion; in patients with inferior infarction, the values were 12.8% and 4.5% (p =
0.001), while for anterior infarction the rates were 58.5% and 12.3% (p = 0.0001).
The six-month mortality rate proved to be low and was not significantly different
in patients with AVB III (4.0%) and those without (3.5%). The GUSTO study [10]
considered AVB II and III together (mortality 8.5%) and recorded a significant
difference between patients treated with t-PA + heparin (7.3%) and those treated
with SK + heparin (9.1%). The ISIS-4 study [11] reported a 3.8% incidence of
AVB II and III, which was significantly higher (2p = 0.001) in patients treated
with ACE-inhibitors (4.1%) than in controls (3.5%) right from the first days of
treatment.

The results of these large-scale studies seem to show that mortality in the
acute phase of all types of AMI complicated by AVB III is lower than previously
reported, though the clear-cut difference between anterior and inferior localiza-
tions is maintained. During the subsequent follow-up, mortality declines and
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shows no significant difference between the two types of infarction. It is difficult

to interpret the results of the GUSTO and ISIS studies with regard to the roles of

the different thrombolytic agents and ACE-inhibitors.

Another interesting study was carried out by Mavric at al. [12], who evaluated
the prognostic significance of AVB III in inferior AMI with or without RV
involvement. From their analysis of the various hemodynamic, electrocardio-
graphic and laboratory parameters, these authors conclude that in inferior AMI:
1. AVB III only has prognostic significance if there is RV involvement (mortality

41% vs 14% without RV involvement);

2. there is no significant difference in mortality between patients with and with-
out RV involvement when AVB III is absent (14% vs 11%);

3. the high rate of mortality among patients with inferior AMI involving the RV
and with AVB III seems to be the result of the greater magnitude of the infarc-
tion, though the influence of RV dysfunction and A-V dissociation cannot be
ruled out.

There are two further studies which deal with the question of inferior AMI
with or without RV involvement. Zehender et al. [9] examined 200 cases, 107
(54%) with elevated ST in V4R and 93 (46%) without; AVB III was present in 18
(16.8%) of the first group but only in 4 (4.3%) of the second. Mortality, cardio-
genic shock and pacemaker implantation were also much more frequent in
patients with RV involvement. Among 116 consecutive cases of inferior AMI,
Bassan et al. [13] observed 23 cases of AVB (6 AVB II, 17 AVB III) and 27 cases of
RV involvement. On analyzing the clinical and hemodynamic data, they conclud-
ed that:

1. in inferior AMI with RV involvement, AVB is for to five times more frequent
(48%) than in isolated inferior AMI (11%);

2. RV involvement via the Bezold-Jarisch reflex is probably responsible for many
AVBs in inferior AMI;

3. the hypotension commonly observed in these patients with AVB is often due
to RV dysfunction and to increased vagal tone, rather than to insufficiency of
the LV;

4. late AVB (linked to ischemia) is responsible for the higher mortality rate dur-
ing hospitalization among patients with inferior AMI complicated by AVB.
These results and their interpretation seem to corroborate those of Mavric

et al. [12], who maintained that prognosis is fundamentally linked to AVB associ-

ated to RV involvement, rather than to RV involvement per se.

Another much-debated question regarding inferior AMI is that of the appear-
ance of depressed ST on the anterior leads. Peterson et al. [14] reassessed the
thrombolysis-treated patients from the GUSTO-1 study by dividing them into four
groups (without ST depression, with ST depression from V1 to V3, from V4 to V6,
and from V1 to V6). These authors found that AVB II-III was significantly more fre-
quent (p < 0.05) in the group with ST depression from V1 to V6. In these patients,
moreover, 30-day and 1-year mortality was higher and cardiac insufficiency, cardio-
genic shock and the appearance of VT and/or VF were more frequent.

Finally, regarding the need for cardiac pacemaker implantation in patients
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with AVB during AMI, we should mention the "final report" of three comparative
studies which considered both pre-thrombolytic and post-thrombolytic results,
the latter also prospectively. No significant difference was observed with regard to
definitive pacemaker implantation in the various groups, while the incidence of
temporary implantation proved to be significantly lower in the thrombolysis-
treated patients with inferior AMI than in the non-thrombolysis-treated (p =
0.008) [15].

Bundle Branch Blocks or Ventricular Activation Delays

In the days before thrombolysis, overall incidences of 5% to 10% (about 50% pre-
existing) were reported for these conduction disorders: RBBB 2%, LBBB 5%, AFB
3%-5%, PFB 1%-2%, bifascicular B 4.9%. Opolski et al. [2] found: RBBB 2.8%,
LBBB 3.6%, AFB 2.8%, and bifascicular B 4.4%. Constans et al. [3] reported lower
values of BBB (2.1%), of which LBBB was only 0.2%.

The multicenter study carried out by Hindman et al. [16] examined almost
500 cases of AMI with BBB (anterior AMI 63%, inferior 18%, undetermined 18%,
lateral 1%), subdivided into the following types: LBBB 38%, RBBB 11% bifascicu-
lar B 44% and alternating B 6%.

The GISSI study [6], the first large-scale trial on thrombolysis in AMI, reveals
a 5.6% incidence of BBB, with no significant difference between thrombolysis-
treated patients and controls. The ISIS-2 study [17] reports a very similar inci-
dence of BBB (6%). It is interesting that the studies which followed (GISSI-2 {7]
and ISIS-3 [18]) report BBB percentages that are lower (2.8% and 4.1%) by 50%
and 30% respectively.

While it is difficult to compare present-day statistics with those of the past, that
is to say before the advent of thrombolysis, we believe that, in the light of studies
on large populations, such as those on thrombolysis, the incidence of BBB is closer
to 5% than to the 10% reported in the earlier studies. Moreover, thrombolysis does
not appear to modify this incidence, which is already per se very low and regards
an event that either arises early or pre-exists. As far as the prognostic significance
of BBBs is concerned, it has long been accepted that all ventricular activation
delays, except anterior fascicular block, increase both early and late mortality. In
addition, all those delays that involve at least two conduction pathways (LBBB,
bifascicular B or trifascicular B) also engender a high risk of AVB III [1].

Left ventricular delays also facilitate cardiac insufficiency, especially if the
AMI is anterior and is associated to advanced AVB. The one-year mortality rate is
higher in LBBB or intermittent block (33%) than in RBBB or bifascicular B (23%)
or left monofascicular B (15%). In this last case, mortality is similar to that seen
in cases without delays (14%) [16].

Hauer et al. [19] followed up a group of 42 patients with anterior AMI compli-
cated by BBB. In the first six weeks, 24 died of cardiogenic shock or myocardial
rupture. Of the 18 survivors (11 with bifascicular B, 6 with RBBB and 1 with
LBBB), 7 suffered potentially lethal complications, but almost all (17 patients)
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were long-term survivors. The authors therefore conclude that the critical period
in anterior AMI with BBB is represented by the first six weeks. While these data
refer to the pre-thrombolytic period, they are nevertheless useful in outlining the
features of the clinical problem.

The FTT study [20] analyzed almost 60 000 patients involved in the various
thrombolytic trials. This study revealed that patients with BBB, like those with
elevated ST, in the early phases of AMI, regardless of age, sex, arterial blood pres-
sure, heart rate, diabetes and previous history of infarction, derive the greater
benefit from thrombolytic treatment the earlier it is administered. Indeed, in the
45 000 patients with elevated ST or BBB, a 30/1000 reduction in mortality was
observed among patients treated within the first 6 hours, 20/1000 for those treat-
ed between 7 and 12 hours, and 10/1000 for those starting treatment after 13 to 18
hours. Moreover, mortality between day 1 and day 35 in patients with BBB proved
to be 18.7% among thrombolysis-treated and 23.6% among controls [20].

A specific evaluation of LBBB as a risk factor in AMI emerges from a study by
Laji et al. [21] involving 817 patients in whom initial ECG showed elevated ST in
89.4% (82.2% with Q wave), no ST elevation in 8.2% (41.8% with Q wave) and
LBBB in 2.4%. In comparison with patients with or without elevated ST, the LBBB
group was characterized by a higher rate of mortality in hospital (40% vs 14%
and 3% respectively), a lower rate of event-free survival (31% vs 72.9% and
85.6%), a higher rate of cardiac insufficiency (60% vs 29.5% and 13.4%), and also
a higher incidence of previous infarctions (75% vs 23% and 37.3%).

Clearly then, even after thrombolytic therapy, patients with BBB, and in par-
ticular with LBBB, are subject to significantly higher rates of mortality and car-
diovascular complications involving both damage to the pump and destruction of
the conductive system.

ECG Diagnosis of AMI in the Presence of Ventricular Delays

It should first be said that the only ventricular activation delay capable of com-
pletely masking an infarction even in the acute phase is left ventricular bifascicu-
lar delay, i.e. LBBB. In such cases, the inversion of the initial septal activation and
the frequent presence of a certain degree of secondary-type elevation of the ST in
V1 and V2 deprive the ECG of its diagnostic specificity with regard to AMI. The
other types of ventricular activation delay can only partly mask an AMI. A right
ventricular delay, i.e. RBBB, involves only the medial-terminal part of the ventric-
ular activation; consequently, it does not prevent the appearance of the pathologi-
cal Q wave, a phenomenon which concerns the initial and post-initial phase. A
superior left delay, i.e. anterior fascicular block or left anterior hemiblock, can
partially modify the initial vectors and therefore create a certain diagnostic diffi-
culty in ascertaining or excluding a necrosis. Finally, an inferior left delay, i.e. pos-
terior fascicular block or left posterior hemiblock, may mask or reduce the signs
of an inferior necrosis.

The ECG criteria for diagnosing a myocardial infarction in the presence of
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LBBB were proposed in the 1950s and 1960s. Over the years, they were subse-
quently reassessed and modified on the basis of numerous case studies.

The main criteria are as follows:

1. the presence of an abnormal Q wave in D1, aVL or V6 (sensitivity 31%, speci-

ficity 91%);

2. the Cabrera-Friedland sign: notching on the ascending branch of S in V2,V3,

V4 (sensitivity 27%-47%, specificity 87%);

3. Chapman's sign: notching on the ascending branch of R in D1, aVL, V5 or V6

(sensitivity 21%, specificity 91%);

4. Sodi Pallares's sign: RS in V6 (sensitivity 8%, specificity 91%);
5. elevated ST consensual with QRS in V5-V6, D3-aVF (sensitivity 54%, specifici-
ty 97% during AMI).

Other signs, such as positive T in V6, elevated R in V1-V2 or left axial deviation,
have proved to be less useful on account of their lower sensitivity and specificity.

The question of the difficulties involved in diagnosing an infarction in the
presence of LBBB received scant attention for many years, until a more pressing
need arose to administer thrombolytic treatment to a larger number of patients,
especially those capable of reaching the coronary care unit within six hours from
the onset of symptoms.

The MILIS study in Boston [22], which was already in progress when throm-
bolytic treatment was introduced, assigned a specificity of 90%-100% and a pre-
dictive value of 85%-100% for the diagnosis of previous or acute infarction to the
following criteria: Q wave in at least two of the leads D1, aVL, V5, V6; R decreas-
ing from V1 to V4; notching in the ascending branch of S in at least two of the
leads V3, V4, V5; primary alterations of ST and T (consensual with the QRS) in at
least two contiguous leads.

Angioplasty is able to provoke ischemia during inflation of the balloon. It can
therefore be used under epicardiac and thoracic ECG monitoring to reproduce
those ischemic alterations which enable the clinical alterations to be better evalu-
ated. This has also been done in the presence of LBBB and has confirmed that the
shift in ST is a valid criterion, though with the following specifications: elevated
ST in the inferior leads is indicative of ischemia both when it is consensual and
when it is opposite to the QRS, while in the lateral leads (D1, aVL, V5, V6) it is
indicative only if consensual with the QRS; regarding the anterior locations (V1-
V3), elevated ST is indicative of ischemia only when it exceeds 8 mm [23].

These studies mark a shift in the attention of researchers from what may be
called stable modifications of the QRS, which are indicative of necrosis, to unsta-
ble modifications due to ischemia, still in the presence of LBBB. The reason for
this new approach stems from the need to recognize an infarctional ischemia
early in order to undertake thrombolytic therapy or revascularization. It was in
this context that Sgarbossa et al. [24, 25] carried out their research on 131 patients
with AMI plus LBBB from the GUSTO-1 study. The three ECG criteria which
showed an independent value in the diagnosis of AMI were:

1) ST elevation > 1 mm consensual with the QRS (sensitivity 73%, specificity

92%);
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2) ST depression =1 mm in V1, V2 or V3 (sensitivity 25%, specificity 96%);

3) ST elevation > 5 mm opposed to the QRS (sensitivity 31%, specificity 92%).
When the specificity of these criteria was evaluated on a scale from 0 to 5, a

score of 5 was obtained for the first, 3 for the second and 2 for the third.

When these same criteria are applied to patients on ventricular pacing from

the right ventricle, fairly similar values of sensitivity and specificity are found [25].
In conclusion, those studies aimed at the early recognition of AMI in the pres-

ence of spontaneous or pacemaker-induced LBBB enable the following considera-

tions to be made:

1. ST alterations are of greater utility than QRS alterations in the early diagnosis
of AMI in the presence of LBBB;

2. false positives are rare and do not constitute a great problem in the case of
inappropriate thrombolytic treatment;

3. since patients with LBBB plus AMI present either proximal involvement of the
anterior descending branch (especially when LBBB and AMI arise together)
or serious damage of the left ventricle, they could gain greater benefit than
other patients from thrombolytic therapy or early revascularization.
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What Is the Usefulness of Ventricular Premature Beats and
Ventricular Late Potentials in the Thrombolytic Era?

M. D1 Biasg, D. DE LAURA, M. V. P1TzALIS AND P. R1zZON

Risk evaluation in survivors of a myocardial infarction after the widespread
application of thrombolysis has been submitted to extensive reassessment. In
particular the prevalence of ventricular arrhythmias and late potentials and their
prognostic significance allow a reappraisal of their impact on mortality.

Ventricular Arrhythmias

In the pre-thrombolytic era the prevalence of ventricular arrhythmias (PVBs)
has been reported as 86% of patients in the Multicenter Postinfarction Research
Group (MPIP) [1] and as 84% in the Placebo Group of the BHAT study [2].
Nonsustained ventricular tachycardias were reported as 19.5% by Cats et al. [3],
8.6%-11.6% by Bigger [4] and 11.3% in the MPIP Study [1]. The occurrence of
frequent PVBs (> 10 per hour) was 22.1% for MPIP [1], 14.6% for MILIS [5] and
12.9% for BHAT [2].

In the thrombolytic era Maggioni et al. [6] reported a reduced prevalence of
ventricular arrhythmias (64%), of nonsustained ventricular tachycardias (6.8 %)
and of patients with more than 10 PVBs/hour (19.7%). Théroux et al. [7] also
found a statistically significant lower PVB frequency in patients receiving strep-
tokinase compared to those not submitted to thrombolysis (21 * 64 vs 40 + 123
per hour). In contrast Zimmermann et al. [8] found no difference in the rate of
polymorphic PVBs, presence of couplets or runs of nonsustained ventricular
tachycardias in patients with or without thrombolysis. In addition they did not
find a correlation between the patency of infarct related artery and the frequency
of PVBs. Pedretti et al. [9] did not find significant differences in PVB frequency
or in the proportion of patients with various Lown grades between patients sub-
mitted or not submitted to thrombolysis.

Dorian et al. [10] observed a similar PVB frequency in patients submitted to
thrombolysis with t-PA or to placebo. Patients with ST depression had greater
PVB frequency than those without, while ejection fraction correlated negatively
with PVB frequency. These authors demonstrated with multivariate analysis that
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low ejection fraction and presence of ST depression were the only independent
predictors of PVB frequency, while thrombolysis was ineffective on PVBs. These
data confirm previous results published by Camacho et al. [11] who demonstrat-
ed a correlation between silent ischemia and ventricular arrhythmias in post-
myocardial infarction patients.

In the study by Marino et al. [12], in patients with acute myocardial infarction
(AMI) and submitted to thrombolytic therapy, the number of PVBs per hour was
found to depend in a linear, inverse fashion on the residual ventricular ejection
fraction, and was independent of the occurrence of reperfusion in the acute
phase of infarction. Thus patency of the infarct-related vessel could contribute to
reducing post-AMI ventricular arrhythmias by reducing infarct size, which would
minimize pump damage. Early reperfusion could reduce areas in which mechan-
ical stress develops and reduce the risk of arrhythmias in patients with increased
left ventricular volumes and decreased pump performance.

In conclusion, at the moment there are no conclusive data regarding the effect
of thrombolysis on ventricular arrhythmias in post-AMI patients. Early reports
showed favorable effects which were not confirmed by subsequent studies. In par-
ticular, it seems that only a low ejection fraction and the persistence of myocar-
dial ischemia, demonstrated by coexistence of ST segment depression, are the
only independent predictors of PVB frequency.

Late Potentials

Several studies have shown that signal averaged electrocardiography provides
important prognostic information in identifying patients who subsequently
develop arrhythmic events and sudden death after AMI [13-16]. The presence of
late potentials (LP) prior to discharge in survivors of AMI has a good negative
predictive accuracy (between 81% and 98%) for developing ventricular tachycar-
dia or sudden death while positive predictive accuracy is very low (8%-48%) [17].
Since LP are rarely influenced by drugs, any intervention leading to their suppres-
sion or reduction is expected to reduce the risk of ventricular tachycardia and
sudden death in post-AMI patients. It has clearly been demonstrated in many
reports that there is a lower prevalence of LP in thrombolytic drug treated
patients (range: 5%-24%) compared to those who were treated with conventional
therapy (18%-43%) [8,9,17-21].

Only in the study by Turitto et al. [22] was no difference found between the
two groups. This discrepancy could be explained by the use of 25 Hz high pass fil-
tering in this study, the use of a different thrombolytic agent and by a longer
delay between onset of symptoms and thrombolysis.

The mechanism by which thrombolysis reduces the prevalence of LP is
unclear. Thrombolysis therapy may reduce ischemia in the border zone of the
infarct, change the electrophysiologic properties of surviving cells, influence the
remodeling process after AMI [23] and may facilitate local hemorrhage [24]. In
many studies the reduction of LP after thrombolysis was demonstrated to be
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independent of global left ventricular function and ejection fraction and the
favorable effect of treatment was correlated to patency of the infarct-related
artery [8,9,18].

In the study by Maki et al. [25], the prevalence of LP was directly correlated
with the delay between the onset of symptoms and primary PTCA (Table 1).

Table 1. Relationship between frequency of late potentials (LP) and delay between onset of
symptoms and PTCA (adapted from [25])

Delay (hours) LP (%)
<4 8
4-6 12
6-8 24
8-10 33
> 10 43

In the study by Zimmermann et al. [8], a lower incidence of LP was correlated
with a patent infarct-related artery (13% vs 26%). Similar data were reported by
Pedretti et al. [9] and Breithardt et al. [26]. Since multivariate analysis showed
that the patency or occlusion of the infarct-related coronary artery was the only
independent predictor of LP, the occlusion of the infarct-related coronary artery
seems to be the most important cause of late potentials independently of the
global left ventricular function [8, 9-18]. Late potentials are one of the specific
markers of occlusion of the infarct-correlated coronary artery and their detec-
tion in a post-AMI patient is a predictor for survival [27].

Regarding the influence of late reperfusion on LP there are no conclusive
data. From the report by Vatterott et al. [28], Pedretti et al. [9] and Théroux et al.
[7], it can be hypothesized that a late reperfusion has a beneficial effect on LP.
Since thrombolysis has deeply modified the evolution of AMI, doubts have been
raised about whether LP are still a marker for developing ventricular arrhyth-
mias and sudden death in patients treated with thrombolysis. In the group of 99
patients reported by Pedretti et al. [9] and treated with thrombolysis, LP signifi-
cantly correlated to late arrhythmic events,

In conclusion, patients with AMI and treated with thrombolysis show a
reduced prevalence of LP when compared to patients treated with conventional
therapy. Also in the thrombolytic era, LP maintain their characteristic of being a
marker for developing ventricular tachycardia and sudden death. In particular,
since LP are correlated with the patency of the infarct-linked coronary artery,
their detection has great prognostic significance given that an occluded infarct-
related coronary artery is crucial from the prognostic point of view.
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What Is the Predictive Value of Heart Rate Variability and
Baroreflex Sensitivity?

R.EE. PEDRETTI

In the last two decades several experimental and clinical studies have pointed out
the prognostic value of autonomic function in heart disease. Two main tech-
niques have been employed: (1) assessment of tonic control by the analysis of
heart rate variability (HRV), (2) assessment of reflex autonomic responses, in
particular baroreflexes. In the present chapter, those studies that were critical in
the development of the prognostic role of these autonomic tests will be reviewed.
Since most of the available information relates to coronary artery disease, data
which will be reported here concern patients surviving a recent myocardial
infarction. Finally, a large prospective international multicenter trial and its pre-
liminary results will be discussed. This study was specifically designed to provide
a definitive answer about the prognostic power of HRV and baroreceptor reflex
sensitivity (BRS) after myocardial infarction.

Heart Rate Variability

The first evidence on the clinical relevance of beat-to-beat heart rate variability
(HRV) comes from Wolf et al. [1]. In 1978 they recorded a 60-s ECG strip in 176
patients admitted to coronary care unit because of an acute myocardial infarc-
tion. The variance of 30 consecutive RR intervals was used as a measure of HRV.
This index, that in such a short time measures primarily respiratory sinus
arrhythmia, was dichotomized at a value of 1,000 ms? (standard deviation - SD -
31.6 ms). Of 176 patients, 103 (59%) had RR variance 2 1,000 ms? and 73 (41%)
had RR variance < 1,000 ms?. The authors showed that patients with low HRV
were more likely to have anterior myocardial infarction and poor hemodynamic
status. Moreover, the relative risk of in-hospital death was 3.8 in patients with RR
variance < 1,000 ms? compared to patients without (15.5% vs 4.1%). The signifi-
cant association be-tween short-term prognosis and RR variance was main-
tained after adjustment for heart rate and infarct location; other risk predictors,
i.e. left ventricular function, ventricular arrhythmias and myocardial ischemia,
were not considered.

Fondazione Salvatore Maugeri, Clinica del Lavoro e della Riabilitazione, Divisione di
Cardiologia, Tradate, Italy
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Using 24-hour Holter recordings, Myers et al. [2] analyzed differences in time
and frequency domain measures of HRV among 3 groups of 6 subjects each, as
follows: (1) normal subjects, (2) patients with heart disease and non-sustained
ventricular arrhythmias but who did not have inducible ventricular tachycardia
at programmed stimulation, (3) patients with resuscitated ventricular fibrillation.
Results showed that time (number of RR interval increases > 50 ms [NN50+])
and frequency domain (high-frequency [HF] power spectral component [0.35 to
0.50 Hz and 0.15 to 0.35 Hz bands]) measures were associated with occurrence of
non-fatal cardiac arrest. Despite the fact that the association between HF compo-
nent of HRV, which reflect respiratory sinus arrhythmia, has not been confirmed
in studies where mortality was the endpoint, this study was important in calling
attention to the prognostic significance of the average power spectral values
recorded over the course of a day by a 24-hour ECG monitoring.

In 1987 Kleiger et al. [3] reported results of the HRV substudy in a multicenter
trial aimed to assess the natural history of myocardial infarction (the Multicenter
Post-Myocardial Infarction Program [MPIP]). Of 820 patients who had Holter
ECG recordings performed 11 + 3 days after infarction, 808 had tapes suitable for
HRV analysis. During the follow-up period 127 deaths occurred. A strong associ-
ation between the SD of the normal RR intervals (SDNN) and all-cause mortality
after myocardial infarction was found; 15.5% of the patients had a SDNN < 50 ms
and this subgroup had a mortality rate of 34.4% compared to 12.3% for patients
with SDNN > 50 ms. All-cause mortality relative risk of patients with SDNN < 50
ms was 2.8 compared to patients with SDNN = 50 ms and 5.3 compared to
patients with SDNN > 100 ms. Patients with depressed SDNN were more likely to
be older and with low left ventricular function. However, after adjustment for
other risk predictors (age, NYHA functional class, rales in coronary care unit, left
ventricular ejection fraction, and ventricular arrhythmias) SDNN was still signif-
icantly related to 4-year all-cause mortality.

To understand the contribution of autonomic nervous activity to the predic-
tion of all-cause and cause-specific (cardiac and arrhythmic) death and to evaluate
the prognostic power of different time domain measures of HRYV, in two different
studies Bigger et al. [4, 5] reanalyzed 24-hour ECG recordings from 715 patients
enrolled in the MPIP. During the follow-up period 119 deaths occurred, of these 88
were cardiac and 68 arrhythmic. Each time and frequency domain measure of
HRV had a significant and at least a moderately strong univariate association with
all cause, cardiac and arrhythmic mortality. However, after adjustment in a Cox
regression model for several covariates (age, NYHA functional class, rales in coro-
nary care unit, left ventricular ejection fraction, and ventricular arrhythmias),
ultra low and very low frequency (LF) power were still strongly and significantly
associated with death [4]. It is interesting to note that very LF power was more
strongly associated to arrhythmic death than to other death modalities, before and
after covariate adjustment. Among time-domain measures of HRV, SDNN index
(i.e. the mean of the SDs of all normal RR intervals for all 5-minute segments of a
24-hour ECG recording), and SDANN index (i.e. the SD of the average normal RR
intervals for all 5-minute segments of a 24-hour ECG recording), were still signifi-
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cantly associated with mortality after adjustment with covariates. Specifically,
patients with a SDANN index < 40 ms had a relative risk of death of 3.8.In one of
these two papers, Bigger et al. [5] also studied the correlations between the most
commonly used time and frequency domain measures of HRV. Among time and
frequency domain variables three clusters were found: (1) SDNN, SDANN index,
total power, and ultra LF power, (2) very LF power, LF power, and SDNN index,
and (3) HF power, root of mean square successive difference (RMSSD), and pro-
portion of differences in normal RR intervals > 50 ms. Therefore Bigger et al.
showed that slow cyclic variability was a stronger predictor of death in postin-
farction patients than HF variability.

The above mentioned studies were important milestones in underlining the
clinical usefulness of HRV analysis in coronary artery disease. However, these
reports referred to populations who suffered from a myocardial infarction before
an extensive use of thrombolytic agents and ACE-inhibitors. Two studies apply to
current practice: they analyze the prognostic power of a new time domain mea-
sure of beat-to-beat variability, i.e. the HRV index, in patients treated in part with
thrombolysis (48% and 54%, respectively) [6, 7]. This index, which is dominated
by ultra LF cyclic variability, was derived from the frequency distribution of nor-
mal RR intervals in a 24-hour ECG recording (the baseline width of triangular
interpolation). Holter monitoring tapes were recorded 6 to 7 days after the infarc-
tion in the first study [6], and 21 + 6 days in the second [7]. Late arrhythmic
events, i.e. sudden death or sustained non-fatal ventricular tachyarrhythmias,
were used as major end-points during the follow-up period. Farrell et al. [6]
reported that of 416 patients 24 had an arrhythmic event, Pedretti et al. [7] found
that of 303 patients 19 had sudden death or non-fatal malignant ventricular
arrhythmias. In both studies, HRV index was significantly lower in patients with
arrhythmic events; a low HRV index, i.e. < 20 U and < 29 U, respectively, showed
sensitivity from 89% to 92%, specificity from 68% to 77%, positive predictive
value from 15% to 17%, and negative predictive value from 77% to 99%. In both
studies, HRV was a significant predictor of arrhythmic events in postinfarction
patients, independently of the most widely used non-invasive markers of arrhyth-
mic risk: left ventricular ejection fraction, ventricular late potentials and ventric-
ular arrhythmias on Holter monitoring. Moreover, a combined use of HRV and
other risk markers identified subgroups of patients with a high risk of subse-
quent arrhythmic events with good sensitivity and specificity. Farrell et al. [6]
showed that ventricular late potentials and depressed HRV index identified
patients with subsequent arrhythmic events with a sensitivity of 58%, specificity
of 93%, positive predictive value of 33%, and negative predictive value of 93%.
Pedretti et al. [7] found that 2 or more variables among low left ventricular ejec-
tion fraction, prolonged filtered QRS complex duration on signal-averaged ECG,
and depressed HRY, identified patients with subsequent arrhythmic events with a
sensitivity of 83%, specificity of 83%, positive predictive value of 25%, and nega-
tive predictive value of 99%.

The clinical relevance of HRV as a prognostic marker in the thrombolytic era
is further supported by two recent papers which addressed the association
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between mortality and HRV in two large multicenter studies, the GISSI-2 and the
GUSTO-I [8, 9]. Both studies showed a significant relationship between mortality
and HRV measures, even after adjustment with covariates in the multivariate
analysis. Zuanetti et al. [8] analyzed 24-hour ECG recordings obtained at discharge
in 567 patients treated with recombinant tissue-type plasminogen activator or
streptokinase. Three time-domain indexes of HRV were computed: SDNN, RMSSD
and NN50+. During the 1000 days of follow-up, 52 patients died, 44 of cardiovas-
cular causes. All measures of HRV were significant independent predictors of total
mortality with the following relative risks: NN50+, 3.5; SDNN, 3.0; and RMSSD,
2.8. Advanced age, previous myocardial infarction, Killip class at entry, and use of
digitalis were also independent predictors of total mortality; similar data were
obtained for cardiovascular mortality. In the GUSTO-I substudy, Singh et al. [9]
analyzed HRV in 203 patients, 10 of whom died within the 30th day after the
infarction. The authors found that a low LF to HF ratio two days after the infarc-
tion was significantly lower in patients who died. When the Cox proportional haz-
ards model was used, the LF to HF ratio had prognostic value independently of
ejection fraction, anterior wall myocardial infarction and TIMI grade. A LF to HF
ratio < 1.2 had optimal sensitivity of 88%, specificity of 64%, and negative predic-
tive value of 99% for 30-day all-cause mortality. Unfortunately, in this study the
power in the ultra and very LF bands was not available, therefore data from Singh
et al. may not be compared with results of Bigger et al. However, Singh et al’s [9]
results stimulated interest about the possible use of another frequency domain
measure of HRV to predict short-term mortality in thrombolytic-treated patients.
All these studies showed that HRV, as other non-invasive techniques, may be
useful to predict short and long-term mortality and electrical instability in
patients recovering from a recent myocardial infarction. This clinical application
is supported by recently published statements of a Task Force of the European
Society of Cardiology and the North American Society of Pacing and Electro-
physiology [10]. However, very few studies have focused on identifying patients
with a high risk of specifically arrhythmic or non-arrhythmic death or on distin-
guishing between arrhythmic and non-arrhythmic death. This topic is of great
clinical importance, because these patients may benefit from different modes of
treatment [11]. Hartikainen et al. [11] in a recent paper studied 575 patients who
were followed-up for 2 years. The aim of the study was to evaluate the relation
between HRYV, ventricular arrhythmias on Holter monitoring, signal-averaged
ECG, left ventricular function and the mechanism of cardiac death in survivors of
acute myocardial infarction. The relative risks for arrhythmic or nonarrhythmic
death were 7.5 and 8.5 for HRV < 20 U, 2.6 and 2.0 for ventricular late potentials,
2.5 and 8.2 for ventricular ectopic beat frequency >10 per hour, 2.9 and 1.9 for
runs of ventricular tachycardia, 1.8 and 6.1 for left ventricular ejection fraction <
40%. A combination of risk factors identified patient groups in which a majority
of deaths were either arrhythmic or non-arrhythmic. The study showed that
arrhythmic death was associated predominantly with depressed HRV and ven-
tricular tachycardia runs, and non-arrhythmic death with low ejection fraction,
ventricular ectopic beats and depressed HRV. Once again, this study supports the
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hypothesis that HRV has some specificity for predicting arrhythmic events and
sudden death.

The predictive value of HRV has almost exclusively derived from data analyzed
from 24-hour Holter recordings; unfortunately, the technical difficulties limit the
assessment of HRV from ambulatory 24-hour Holter recordings. Short-term
recordings are obviously more practical and cheap in the clinical application of
HRV assessment. However few studies addressed a detailed comparison of the pre-
dictive values between short- and long-term HRV. In two recent studies, Fei et al.
[12] and Adamson et al. [13] found a significant correlation in both time and fre-
quency domain measures between short- and long-term recordings. Bigger et al.
[14] reported that spectral HRV from short-term recordings randomly selected
from 24-hour Holter ECG strongly predicts postinfarction mortality. However, the
predictive power of short-term HRV (positive predictive value up to 31%) seems
to be lower than that of long term HRV (positive predictive value up to 41%). Fei
et al. [12] analyzed the predictive value of short-term HRV for 1-year total cardiac
mortality in 700 consecutive patients after myocardial infarction. All patients
underwent 24-hour Holter monitoring 5 to 8 days after myocardial infarction.
Short-term HRV was computed as the SDNN from a 5-minute stationary period
selected from 24-hour Holter ECG recordings. Long-term HRV was computed as
an HRV index over the entire 24 hours. As found by Bigger et al., the positive pre-
dictive value of SDNN for 1-year mortality (13% to 18%) was lower than the HRV
index (17% to 43%) over a range of sensitivity of 25% to 75%. However, assess-
ment of HRV index in > 35% of the patients, preselected by the lowest short-term
SDNN, was able to achieve predictive power similar to that of HRV index assessed
in all the patients. These data suggest that lower predischarge short-term HRV is
associated with increased 1-year total cardiac mortality in patients after myocar-
dial infarction [12]. Thus, analysis of long-term HRV can safely be limited to
patients preselected by depressed short-term HRV measures [12]. This approach
may provide a cost-effective method of risk stratification.

Baroreceptor Reflex Sensitivity

Several methods are available to measure baroreceptor reflex sensitivity (BRS).
However, in most clinically relevant experimental studies and subsequent clinical
papers, BRS was evaluated by correlating the blood pressure rise induced by
bolus injections of phenylephrine with the consequent beat-to-beat RR interval
lengthening, according to the method first described in the 1960s by the Oxford
group [15]. BRS was first shown to predict life-threatening ventricular arrhyth-
mias in a conscious canine model [16]. In this model, exercise, which provides a
physiologic increase of sympathetic activity, is combined with acute inferior
myocardial ischemia in the presence of a healed anterior wall myocardial infarc-
tion [17]. During acute ischemia, about half of the dogs develop ventricular fibril-
lation (susceptible dogs) and the other half do not have malignant arrhythmias
(resistant dogs). An important characteristic of this model is the very high repro-
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ducibility (90% to 95%) of the outcome, i.e. ventricular fibrillation in susceptible,
and survival in resistant, dogs [18]. From the study of this animal model two
points of high clinical relevance emerged: (1) BRS was significantly lower after
myocardial infarction compared to the preinfarction condition, (2) BRS was sig-
nificantly lower in susceptible dogs when compared to resistant ones (9.1 + 6 vs
17.7 £ 6.5 ms/mmHg) [19]. In this large population of 192 dogs with a prior
myocardial infarction, the risk of ventricular fibrillation increased from 20%, for
dogs with BRS > 15 ms/mmHg, to 91%, for animals with BRS < 9 ms/mmHg [19].
These data provided the experimental background for subsequent clinical studies.

The first clinical study examining the possible prognostic value of BRS in
patients having survived a recent myocardial infarction was published in 1988 by
La Rovere et al. [20]. In this study BRS was measured using the phenylephrine
method in 78 patients 1 month after their first infarction. Patients were followed-
up for 2 years and 7 cardiac deaths, 4 of them sudden, were reported. BRS was
markedly lower in the 7 patients who died compared to the 71 survivors (2.4 + 1.5
vs 8.2 + 4.8 ms/mmHg). Interestingly, patients with BRS < 3 ms/mmHg had a car-
diac mortality rate of 50% compared with a 3% mortality rate of patients with
BRS > 3 ms/mmHg. Two other important points emerged from this study: (1)
there was no correlation between BRS and left ventricular ejection fraction (r =
0.07), (2) among patients with reduced left ventricular function, the prediction of
mortality was enhanced by the analysis of BRS: for patients with a left ventricular
ejection fraction < 50% mortality increased from 10% (2 of 20) to 50% (3 of 6) if
BRS was also < 3 ms/mmHg.

Three subsequent studies provided additional support for the data of La
Rovere et al. In 68 patients at day 7-10 after myocardial infarction, Farrell et al.
[21] analyzed the relationship between autonomic tone and markers of arrhyth-
mic propensity including programmed ventricular stimulation. In those patients
in whom sustained monomorphic ventricular tachycardia was induced, BRS was
significantly (p = 0.001) reduced (1.8 1.5 vs 7.8 + 4.5 ms/mmHg) as were HRV
(p = 0.007) and left ventricular ejection fraction (p = 0.022). Among all analyzed
markers (including HRV, ventricular late potentials, left ventricular ejection frac-
tion) depressed BRS had the strongest association with the induction of sus-
tained monomorphic ventricular tachycardia (relative risk of 36.28). Moreover, 5
major arrhythmic events occurred during the follow-up period, all of which were
correctly identified by a markedly depressed BRS (< 3 ms/mmHg) and inducibili-
ty of sustained arrhythmias at electrophysiologic testing. Similar results were
found by Pedretti et al. [22] who studied 41 patients at day 15 to 21 after myocar-
dial infarction to evaluate the relationship between BRS and inducibility of sus-
tained monomorphic ventricular tachycardia at electrophysiologic study. Eight
patients had positive programmed stimulation, and 7 of them (87%) also had a
BRS < 3 ms/mmHg; conversely, of 33 patients without inducible sustained ven-
tricular tachycardia only 3 (9%) had a markedly depressed BRS (p < 0.01).
Patients were followed-up for 10 £ 3 months and 5 of them developed a late
major arrhythmic event. All of these (100%) had inducibility of sustained
monomorphic ventricular tachycardia and BRS < 3 ms/mmHg. At multivariate
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analysis BRS had the strongest relation with both inducibility of sustained
monomorphic ventricular tachycardia, and occurrence of arrhythmic events dur-
ing the follow-up. Farrell et al. [23] extended their first observation in a second
paper which included data on 122 patients with a 1-year follow-up after myocar-
dial infarction. During this period 13 deaths and 10 arrhythmic events occurred:
BRS had a relative risk for an arrhythmic event of 23 and it was highest when
compared to both HRV and left ventricular ejection fraction.

Therefore, both BRS and HRV appear to be significantly related to occurrence
of lethal and life-threatening ventricular arrhythmias after myocardial infarction.
Since both tests analyze cardiac autonomic activity, an additional question may
be the following: do they provide the same kind of information? A study of Bigger
et al. [24] has already shown that this is not the case. A significant relationship
exists between BRS and HRV, however the correlation is weak suggesting that in
most patients one measure is not able to predict carefully the other. Therefore,
BRS and HRV are not redundant measures of cardiac vagal activity. This is not
unexpected because HRV quantifies cardiac vagal tone while BRS measures car-
diac vagal reflex activity.

Autonomic Tone and Reflexes After Myocardial Infarction (ATRAMI) Study

The papers presented above suggested that assessment of autonomic nervous sys-
tem may have important implication in prognostic evaluation of patients with
coronary artery disease. To provide a definitive answer about the value of different
autonomic tests it was necessary to design a specific clinical study. A large multi-
center trial, ATRAMI (Autonomic Tone and Reflexes After Myocardial Infarction)
involved over 20 centers in Europe, Asia and North America and investigated the
predictive value of HRV, BRS and their combination following myocardial infarc-
tion [25].

The study has completed enrolment and results of preliminary analyses have
been recently presented. Although a complete and appropriate analysis of the
trial will be possible only after publication of extended results, preliminary
reports are very encouraging. La Rovere et al. [26] reported cardiac mortality
data of 1294 patients below age 80 enrolled in 25 centers and followed-up for 21 +
8 months. There were 49 cardiac deaths: BRS, HRV (measured as SDNN on 24-
hour Holter monitoring), left ventricular ejection fraction and ventricular ectopic
beats were significantly different between deceased patients and survivors. At
univariate analysis BRS < 3 ms/mmHg and SDNN < 70 ms were significant pre-
dictors of mortality: relative risks were 4.7 and 5.6, respectively. The association
with mortality still remained significant after adjustment for left ventricular ejec-
tion fraction in a Cox model. The combination of impaired BRS or SDNN with
low (< 35%) left ventricular ejection fraction increased the relative risks to 13.3
and to 8.3, respectively; positive predictive values of depressed BRS and impaired
SDNN increased from 7.8% to 17.6% and from 10.7% to 14.2%. Similar results
were found when the relationship between autonomic function and arrhythmic
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events was evaluated. ATRAMI investigators [27] reported that during the follow-
up period an arrhythmic event (including arrhythmic death, resuscitated cardiac
arrest due to ventricular fibrillation and sustained ventricular tachycardia)
occurred in 35 patients. Impaired BRS, SDNN and left ventricular ejection frac-
tion < 35% were all significant independent predictors of an arrhythmic event at
multivariate analysis, while ventricular ectopic beats > 10/h were not. The relative
risks of impaired BRS and SDNN were 2.5 and 2.9, respectively. Combined with
low left ventricular ejection fraction the relative risks increased to 9.28 and 3.76,
respectively.

Preliminary data presented above support the prognostic power of markers of
vagal reflexes and tone after myocardial infarction. Moreover, they show that the
combination of BRS or HRV with low left ventricular ejection fraction is a very
powerful predictor of cardiac mortality or life-threatening ventricular arrhyth-
mias in myocardial infarction survivors.

Conclusions

Papers above show that assessment of tonic and reflex autonomic control of the
heart is feasible and may provide useful prognostic information in patients with
coronary artery disease, particularly in those surviving a recent myocardial
infarction. Combination of autonomic tests with other techniques substantially
improves the positive predictive accuracy for cardiac and arrhythmic mortality
over a clinically important range of sensitivity. Moreover, data suggest that auto-
nomic markers have some specificity for predicting arrhythmic events and sud-
den death. This may be a critical point for the future clinical application of auto-
nomic assessment after myocardial infarction. As reported in a recent “position
paper” of the American College of Physicians [28], advances of treatment can
affect risk stratification. The proper use of new medications or interventions
whose efficacy is specific for a given subset of patients will require that these
patients be identified. Autonomic tests could play a critical role in stratification of
patients at high risk of arrhythmic death who can receive the maximum benefit
from antiarrhythmic interventions.
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Clinical Usefulness of QT Prolongation, QT Dispersion and
T-Wave Alternans

X. VINOLAS, A. CABRERA AND A. BAYES DE LUNA

Introduction

The prognosis of postmyocardial infarction patients depends especially upon the
interaction between ischemia, left ventricular dysfunction and electrical instabil-
ity. Repolarization parameters (QT interval, QT dispersion and T-wave alternans
analysis) are used for noninvasive evaluation of patients prone to ventricular
arrhythmias after myocardial infarction. The publication of the results of the
MADIT trial makes the development of new techniques for noninvasive risk
stratification of arrhythmias even more important, because one of the major lim-
itations to extrapolation of the results in daily clinical practice is the need for an
invasive electrophysiological (EP) test to stratify the patients.

QT Prolongation, Dynamics of QT Interval and Prognosis in Ischemic
Heart Disease

The relationship between the duration of the QT interval and the presence of
malignant ventricular arrhythmias has its maximum expression in the congeni-
tal long QT syndrome. Interest in the QT interval also derives from observations
that excessive prolongation of the QT interval with group I drugs is associated in
some cases with proarrhythmia. In contrast, prolongation of the QT interval by
amiodarone, within limits that have not been well established, is considered a
good parameter of the drug’s effectiveness. All these findings have awakened
interest in the relationship between QT and ventricular arrhythmia or sudden
cardiac death in heart disease patients especially in post-MI patients.

The QT interval is a simple measurement on the surface ECG so the possibili-
ty of finding a relation between this measurement and the presence of malignant
ventricular arrhythmias could be very important. However, measurement of the
QT interval always has limitations. It is a simple measurement of cardiac repolar-
ization, which is an extremely complex process that is influenced by many fac-
tors: presence or absence of underlying organic heart disease, the autonomic ner-
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vous system, circulating catecholamines, electrolytes, drugs (cardiac and noncar-
diac) and others. Moreover, the QT interval varies with heart rate, being shorter
in shorter cycles, an effect that usually is corrected by the Bazett formula [1],
which somewhat distorts the results that occur primarily at the upper and lower
limits of heart rate.

QT Interval in Surface ECG and Prognosis

As we have already mentioned, it would be very interesting to find a relation
between the value of QT (and/or QTc¢) on the surface ECG and the risk of sudden
death or ventricular arrhythmias. Some studies have been conducted [2-9] but
the results are discordant. Some of them found that a QT prolongation is an inde-
pendent factor of prognosis and others did not find this relation.

These discordant results can be due to the important limitations of a single
12-lead surface ECG in evaluating QT interval. First of all, a single measure of
QTc simply reflects the state of the autonomic nervous system at a precise
moment, and, as we will see later, QT and QTc show a dynamic behaviour with
changes over a 24-hour period. Thus a patient with a borderline QT at one
moment during the day can show prolongation some hours later. Another factor
to be kept in mind is that QT varies with heart rate, and for this reason we must
make some kind of correction using different formulas, none of which are exact.
Furthermore, heart rate is not the only factor that changes QT; for instance, at the
same heart rate isoproterenol infusion shortens the QT interval. Likewise, in
patients with VVI pacemakers with a fixed heart rate, the QT interval becomes
shorter with exercise. This indicates that the QT interval is influenced by a num-
ber of factors, many of them dependent on the autonomic nervous system.

Advantages of the Study of Dynamicity

Therefore, the study of the dynamic behavior and circadian rhythm of the QT
interval seems to be more important than a single measurement of QT because
the latter reflects multiple interactions. Another important aspect of the study of
the dynamics of QT prolongation is that the circadian variations in the QT inter-
val examined in relation to the circadian rhythm of malignant ventricular
arrhythmias or sudden death may clarify some of the triggering mechanisms of
sudden death.

QT Dynamicity in Postinfarction Patients

In order to test the possible value of dynamic QT behavior in post-MI patients,
we first analyzed the value of QT variations in the Holter tapes of postinfarction
patients with and without malignant ventricular arrhythmias [10]. At first, manu-
al measurement of the QTc intervals was done by selecting several beats per
hour. We found no differences in mean QTc value between postinfarction
patients with and without malignant ventricular arrhythmias. However, patients



200 X. Viiolas et al.

with malignant ventricular arrhythmias during follow-up had QTc peaks > 500
ms more frequently than patients without these arrhythmic complications.
Manual measurement is very time consuming and therefore not applicable to
large series of patients. Another limitation is that manual measurement does not
provide information about the transient subtle changes of QT, because it only
analyzes some beats per hour.

Due to these limitations we developed an algorithm for automatic measure-
ment of QT interval in Holter tapes [11]. The mathematical algorithm for auto-
matic measurement of the QT interval has been described in detail elsewhere
[11]. The next step was to validate the algorithm. This was done by comparing the
results obtained from manual measurements by two cardiologists on recordings
printed at 25 mm/s with the results obtained by automatic analysis [11]. An
analysis was made of 650 beats on 18 different tapes. The mean error between the
manual and automatic measurements was 2.4 + 17 ms and 2 * 14 ms and the dif-
ference between the manual measurement by the two experts was 1.9 = 10 ms.
Therefore, the differences between automatic and manual measurements were
similar to those of manual measurements by two experts. Although mean differ-
ences are small the high standard deviation reflects the observer variability of
measurements. This validated the use of this method for analysis of larger patient
groups and, above all, the analysis of all QT values, which cannot be done manu-
ally. Automatic measurement is the only valid means of evaluating transitory
changes in the value of QT intervals, and thus analysing “peaks” of QT.

Using this algorithm [12], we recently published the results of automatic mea-
surement. We studied two groups of postinfarction patients (with and without
malignant ventricular arrhythmias) in a case control study. The clinical charac-
teristics are summarized in Table 1. There were no significant differences in the
clinical characteristics of the two groups of patients. It is important to emphasize

Table 1. Clinical characteristics of postmyocardial infarction patients with and without
life-threatening arrhythmias

Group I° Group IT° p value
(n=14) (n=28)
Sex (M/F) 12/2 25/3 NS
Age (years) 59+13 57+10 NS
Anterior MI 9 (64%) 16 (57%) NS
LV ejection fraction (%) 406 44+ 8 NS
LV ejection fraction < 40% 6 (42%) 13 (46%) NS
Angina 3(21%) 7 (25%) NS
Diabetes Mellitus 3 (21%) 8 (28%) NS
Hypertension 8 (57%) 15 (53%) NS

MI, myocardial infarction; NS, not significant
aPostmyocardial infarction patients with secondary life-threatening arrhythmia
YPostmyocardial infarction patients without life-threatening arrhythmias
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that we analyzed the results based on a QT interval reaching the end of the T
wave. Other authors use a QT interval ending at the peak of the T wave (peak QT)
because it is considered simpler and more stable. However, with use of peak QT
values part of the information gets lost because QT may be prolonged exclusively
at the expense of the terminal parts of the T wave. Later, the QT interval was cor-
rected using the Bazett formula [1], which is simple and used in spite of its limita-
tions. Other formulas could have been used but none of these is accepted univer-
sally and all have limitations so we used the most widely accepted correction
method. Data from the various QTc intervals could be represented as a trend that
allowed exact assessment of the behavior of the QTc interval throughout the day
in a practical form.

We analyzed mean QTc values, “peaks” of QTc (QTc values above a certain
value), and clusters (groups of peak QT values lasting more that 1 min). The
mean QTc interval was longer in patients with malignant ventricular arrhyth-
mias than in patients without these arrhythmias: 425 + 20 ms vs 408 + 19 ms
(Table 2).

Table 2. Automatic QTc analysis in the three studied groups

Groups Group I GroupI®  Group III* pvalue pvalue
(n=14) (n=28) (n=10) IvsII Ivs III

Total of beats automati- 682,960 1,276,498 563,910 NS NS

cally analysed

Global QTc 425* 15 408 £19 402+20 <0.005 <0.001

Total number of peaks of 11,114 (1.62%) 823 (0.06%) 0 (0%) <0.005 <0.005
QTc > 500 ms

Patients with peaks of 7 (50%) 2 (7%) none <0.005 <0.03
QTc > 500 ms

Patients with clusters of 4 (28%) none none < 0.02 < 0.02
peaks of QTc > 500 ms

#Postmyocardial infarction patients who presented a secondary life-threatening arrhythmia
®Postmyocardial infarction patients who did non present life-threatening arrhythmias
‘Healthy subjects

The behavior of the QT interval in relation to time of day is shown in Figure
1. The data in Figure 1 confirm the tendency toward longer QTc values from 11
p-m. to 11 a.m. than from 11 a.m. to 11 p.m.(430 £ 18 ms vs 425 * 19 ms). These
differences were not statistically significant, perhaps because of the small sam-
ple size, but they suggested a trend and concurred with findings in healthy sub-
jects.

QT Peaks. QT peaks were analyzed for different cut-off points: > 440, > 460,
> 480, and > 500 ms. Statistically significant differences were found only when
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Fig. 1. Plot of the mean hourly QTc interval of the postmyocardial infarction patients with
(Group I, A) and without (Group II, ¥) life-threatening ventricular arrhythmias and
healthy subjects (Group III, ). Note that patients who developed life-threatening ventri-
cular arrhythmias presented a longer QTc over 24 h than postmyocardial infarction
patients who did not present with life-threatening arrhythmias

the group of patients with interval values above 500 ms were analysed (Table 3).
Fifty percent of the postinfarction patients who had malignant ventricular arrhyth-
mias had QT values over 500 ms as compared with only 7% (2 of 28) of postinfarc-
tion patients who did not have malignant ventricular arrhythmias. None of the
healthy subjects analyzed had peak QTc over 500 ms. When we examined the pres-
ence of clusters, we found that none of the postinfarction patients without malig-
nant ventricular arrhythmias had clusters but 28% of the postinfarction patients
with malignant ventricular arrhythmias did (Table 2). When the number of beats
with QTc > 500 ms was analyzed, postinfarction patients with malignant ventricu-
lar arrhythmias had long QTc in 1.62% of beats compared with only 0.06% of beats
in postinfarction patients without malignant ventricular arrhythmia.

Circadian Rhythm of Peaks. QTc peaks > 500 ms exhibited a circadian rhythm,
the percentage of QT peaks per hour being higher between 11 p.m. and 11 a.m.
than during the rest of the day. This finding coincides with hourly mean QTc val-
ues, which were longer during the same hours of the day. The QTc clusters also

Table 3. Patients with peaks of QTc lengthening measured automatically in Holter recor-
dings according to a determinated cut-off of QTc value

Peaks of QTc interval (ms) Group I Group I p value
(n=14) (n=28)

> 500 14 (100%) 20 (71%) NS

> 460 10 (71%) 14 (50%) NS

> 480 7 (50%) 8 (28%) NS

> 500 7 (50%) 2(7%) < 0.005

*Postmyocardial infarction patients who presented a secondary life-threatening arrhythmia
®Postmyocardial infarction patients who did not present life-threatening arrhythmias
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demonstrated circadian behavior, with a higher incidence between 11 p.m. and 11
a.m. If we analyze the total duration of QTc clusters, which also occurred at a peri-
ods in which patients are at “higher risk”, QTc duration was longer in the same
hours. The mean duration of clusters from 11 p.m. to 11 a.m., was 10.60 * 9.64
min, and from 11 a.m. to 11 p.m. it was 2.85 * 1.95 min. However, this behavior
does not indicate whether the QT interval was a triggering factor in malignant
ventricular arrhythmias or only an accompanying event.

The behavior of the QT/QTc interval varied throughout the day in postinfarc-
tion patients with malignant ventricular arrhythmias: there was a longer mean
QTc/h, a larger number of QTc values > 500 ms in absolute terms and as a per-
centage of beats, and more frequent and prolonged QTc clusters in the period
between 11 p.m.and 11 a.m.

Algra et al. [13] recently published the report of a study in which QTc interval
was analyzed automatically on Holter tapes. Here, prolongation of the QTc interval
to more than 440 ms doubled the patients’ risk of sudden death. Moreover, the
presence of a short QTc interval (< 400 ms) was also predictive of arrhythmic
complications during follow-up. However, Algra’s study is not entirely comparable
to ours because only 50% of their very heterogeneous group of patients were
postinfarction and many of them were taking drugs that can modify QT interval.
The rate of occurrence of sudden death and malignant ventricular arrhythmias is
greater between 6 a.m. and noon. Although this fact may show a link between
these two factors, it does not demonstrate a cause-effect relationship. Prolongation
of the QT interval may only be a marker of malignant ventricular arrhythmias but
not a trigger. Although some isolated cases have been described, we have been
unable to confirm in our review, that a sudden prolongation of QTc is the trigger-
ing mechanism of sudden death and not only a manifestation of an underlying
mechanism.

As noted, the QT interval is influenced by sympathetic/parasympathetic tone.
The QT and the RR interval also varies with sympathetic or parasympathetic
stimulation. Variations in the QT interval may coincide with disturbances in the
autonomic nervous system that may trigger malignant ventricular arrhythmias.

Conclusions

1. There are different algorithms that have been validated so we now have the
possibility to measure automatically the QT interval (QT,RT, JT, QT apex, etc)
corrected by heart rate.

2. Although these algorithms have some limitations their usefulness for study-
ing the dynamic behavior of QT and stratify risk in postinfarction patients
has already been proved.

3. Nevertheless it is necessary to compare these different algorithms in different
subset of patients before arriving at a final statement, and in large scale trials
in order to find their definitive clinical value in risk stratification, and to stan-
dardize the different measures.
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QT Dispersion

Day et al. in 1990 [14] introduced the concept of QT dispersion measured in 12-
lead ECG recordings. The dispersion of QT interval was defined as the difference
of maximum and minimum QT interval measured. The hypothesis is that QT dis-
persion reflects a heterogeneity of repolarization, that is differences in recovery
times through different zones of the heart. Since it is a very simple measure it has
attracted considerable interest and has been applied to different subsets of
patients: normal, post-myocardial infarction, long QT syndrome, diabetics, etc.
We will limit our presentation to the possible clinical value and its limitations,
especially in the risk stratification of postinfarction patients.

Regarding the prognostic value of QT dispersion studies reporting the useful-
ness [15-19] or not [20-22] of its measure in different subset of patients has been
reported. This implies that no definitive answer regarding its clinical application
can be provided at present. This is surely due to some problems with the tech-
nique. The first question we should try to answer is if QT interval dispersion in
surface ECG really reflects a heterogeneous repolarization recovery. Using
monophasic action potential recording, evidence exists that QT can reflect the
action potential duration (thus also repolarization duration). A further step has
been to consider then that QT dispersion should reflect the dispersion of repolar-
ization times through myocardium [23, 24]. Theoretically this can be true but
some limitations of the technique still exist.

Several methodological problems are still not solved, and the measurements
are not standardized. The accuracy of the QT interval depends essentially on the
accuracy of QT measurements. It has been demonstrated that variability of QT
interval measurements from standard ECG is around 10 to 20 ms depending on
the methodology used (digitized ECG or manual measurement), paper speed
(error decreases when higher speeds are used), number of leads, etc. Obviously if
single lead QT measurement has a certain inter- and intra-observer variability,
this variability will be reflected in the QT dispersion measurement. Kautzner et
al. [25] nicely demonstrated the low inter-observer and day to day reproducibility
of QT dispersion measurements (differences higher than 20%). This is an impor-
tant limitation in order to find clinical applications, because this high variability
makes the definition of cut-off values difficult. Probably the “best” method in
order to reduce the observer variability is to use a paper speed of 50mm/sec, cali-
brated at 2 cm/mv and a mean of 3 to 5 beats [26].

Several measurements are possible, and not one is yet standardised. QT dis-
persion can be reflected as range, standard deviation, QT dispersion corrected by
the leads measured, etc. Some authors present QT dispersion and others correct
the measure with heart rate (QTc dispersion). The Bazett formula is quite useful
for correcting QT values in the range of 60-100 bpm, thus for the usual values in
surface ECG recording. The main concern with QTc¢ dispersion is that although it
is well demonstrated that the QT value is strongly related to heart rate, the rela-
tion of QT dispersion to heart rate is only a non-tested hypothesis. If QTc disper-
sion is used, the heart rate at the time of recording should probably be quoted.



Clinical Usefulness of QT Prolongation, QT Dispersion and T-Wave Alternans 205

It is well known that sometimes the end of the T wave is not easily seen. In
some studies the leads where QT cannot be measured are excluded and then a
“corrected QT dispersion” depending on the leads measured is presented.
Although this can seem logical, errors can be introduced using this system,
because QT dispersion can be underestimated.

Some studies uses simultaneous 12-lead ECG recordings. This is probably the
best method, but several others use 3-channel ECG recording. In this case, the
non-simultaneous recording can also introduce some measurement errors.

Sometimes, the beginning of QRS is not easy to determine specially when
small q wave is present. As the T wave end is also sometimes difficult to define pre-
cisely, some authors replace QT interval measurement with the RT apex interval
measurement. In stable conditions it is true that the correlation between RT apex
and QT interval is strong, and it is also true that this simplifies the method, but we
can lose some important physiological information. The terminal part of T corre-
sponds to the phase III action potential. We know that early after depolarizations
are seen in this phase [27]. Thus arrhythmogenic information can be lost.

All these technical problems could explain the very different results reported
in the literature. Normal values are not yet established. The average normal value
was less or equal to 40 ms in several studies [15, 16, 19, 28-37] but other studies
showed a dispersion greater than 40 ms in the same population [38-43]. In the
later studies QT dispersion is as high as 50 and 70 ms [43]. These highly variable
normal values are a limitation in the practical application of QT dispersion,
because a cut-off value is difficult to define. A cut-off value of QT dispersion
greater than 65 ms separates patients at risk quite well from normal subjects. The
mean value of QT dispersion is usually higher in patients with arrhythmic events
after a myocardial infarction than in normal subjects or in healthy subjects, but
the overlap is too high at the present time. The sensitivity and specificity of
abnormal QT dispersion is difficult to assess in the absence of a standardized
methodology, and this explains why we can find studies that confirm and deny
the prognostic value of a QT dispersion > 65 ms. The committee for proprietary
medicinal products is indicating at present that a QT dispersion > 100 ms after
any intervention (drug) or an increase of 100% of baseline value should be con-
sidered as pathological, and should raise concern about the potential risk of tor-
sade de pointe [26].

Another very important question to be answered is whether QT dispersion
represents a unique or a redundant prognostic marker for ventricular arrhyth-
mias. The lack of large, well-designed studies with logistic regression analysis
makes it possible to confirm if QT dispersion is an independent marker compared
to left ventricular ejection fraction, late potentials, heart rate variability, etc.

T-Wave Alternans

Measurement of T-wave alternans is another promising non-invasive way to dis-
close cardiac electrical instability and heterogeneity in ventricular repolarization
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to predict life-threatening ventricular arrhythmias. Formerly, T-wave alternans
was considered as a qualitative rather than a quantitative variable, as its recogni-
tion was based on the visual inspection of the ECG. However at present, methods
for evaluating this phenomenon at the microvolt level make it possible to quanti-
fy the phenomenon and to use it as a continuous variable, identifying its presence
in subjects where, in the surface ECG, the phenomenon is visually undetected
[44]. T-wave alternans, a distinctive concept [45], has been defined as changes in
T wave without changes in P wave or QRS complex. More recently, T-wave alter-
nans has been considered more precisely to be the variability of the T wave of the
electrocardiogram ECG in terms of beat-to-beat shifts in amplitude, polarity and
duration of the wave; this concept therefore implies a temporal dispersion.
Although electrical alternans is occasionally visible, it usually requires high
amplification to be detected since the ECG signal is obtained from amplified, dig-
itized leads. Some authors have found that in surface ECG, the V5 is best lead to
detect this phenomenon [46] while others use orthogonal X, Y, Z [19].

The analysis of T-wave alternans is more complex than the QT dispersion. It
has been performed either in the time or the frequency domain. Up to now there
has been a lack of a standardized procedure for the assessment of the T-wave
alternans. Methods applied at present include the Fast Fourier Transformation
(FFT) of the ECG signal assuming that the T-wave is a low frequency sinusoidal
wave of fixed [47-49] or variable [46, 50, 51] amplitude and phase. Other authors
employ methods of high frequency sampling (1 KHz) of the orthogonal ECG, cal-
culating the amplitude of the T-wave on a beat-to-beat fashion; the amplitude of
T-wave in each lead is obtained and from these values a specific T-wave alternans
dimensional index is derived [52]. Mathematical difficulties with FFT applications
include the measurement of signals under non-stationary conditions as usually
occur during mental or physical stress, or the activation of internal neuro-
humoral triggers. Nevertheless, Verrier et al. [53] have found that their method
(complex demodulation) is more transient tolerant. As a consequence of the
absence of a standardized method, T-wave alternans is currently expressed in
different units as microvolts, microvolts.ms or adimensional units.

The accumulated evidence indicates that T-wave alternans is dependent on
local ischemic transmembrane alterations at the compromised ischemic area
rather than on impairment of the activation [54]. A substrate of the repolariza-
tion alternans has been obtained in intracellular recordings of transmembrane
action potentials, where alternations in the repolarization phases 2 or 3 of the
action potential are observed with minimal or no alterations in phase 0. Delayed
recovery of the calcium inward current, the transient potassium outward current
and different intracellular calcium handling have been proposed as electrophysi-
ological mechanisms at the cell membrane level.

Several reports indicate that visible T-wave alternans appears during attacks of
variant angina [55-58], but the impact of T-wave alternans in the clinical setting
has been evaluated in several types of designs as the provocation of ischemic
episodes in humans and experimental animals and testing the magnitude of T-
wave alternans. Nearing et al. [51] correlated the amplitude of T-wave alternans
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with the sum of episodes of ventricular tachycardia (VT) and fibrillation (VF)
both in human (during angioplasty) and dogs (during coronary occlusions) and
found a high and significant correlation between these variables (but not ST seg-
ment) either during occlusion or reperfusion. From these experiments it was pos-
sible to reveal that T-wave alternans were only recorded in the epicardial compro-
mised areas but not in the normal zones. This means that this phenomenon shows
a spatial dispersion. From these results it was possible to predict the appearance of
VT or VF with a sensitivity of 78% and a specificity of 86% (Fig. 2).

The most important clinical report at this time has been made by Rosenbaum
et al. [48]. In their study of 83 patients submitted to atrial pacing, they were able
to provoke ventricular arrhythmias in 39% of the group. They found that ST-T

Fig. 2. Simultaneous time course of spontaneous ventricular fibrillation (VF) and tachycar-
dia (VT), T-wave alternans, and ST segment depression occurring 10 minutes of left ante-
rior descending coronary artery occlusion and reperfusion in 61 anesthetized dogs moni-
tored with a left ventricular (LV) ECG catheter. Two occlusion release sequences were per-
formed in each dog. Incidence of spontaneous VT and VF was summed for each 30 s peri-
od. T-wave alternans and ST segment changes were summed for each 10 ms interval
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alternans predicted ventricular arrhythmic episodes with 81% sensitivity and
84% specificity, figures resembling those of Nearing et al. [52]. In a prospective
study, a Kaplan-Meier life-table analysis showed that 20 months later, actuarial
survival of T-wave alternans patients without arrhythmias was 19%, significantly
lower than those without T-wave alternans (94%) (Fig. 3). This seems to indicate
a good correlation between findings of EP study and T-wave alternans. At present
no large scale prospective trial results are available in order to know its real clini-
cal prognostic value.

It has also been shown that long QT syndrome patients with T-wave alternans
are at higher risk of arrhythmic events [58].

In conclusion, in agreement with what has been recently pointed out by others
[59], despite the existing clinical and experimental evidence indicating that T-
wave alternans measurement could be an important tool for evaluating patients
at risk of malignant arrhythmias, several limitations need to be removed before a
reliable predictive value of the method can be established; they are mainly related
to the methods applied in the clinical setting, including the most suitable ECG
leads and the selection of the most adequate mathematical models before fron-
tiers of normality can be instituted.
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Fig. 3. T-wave alternans and EP study result and survival during follow-up Rosembaum et
al [51]. Note the close correlation between the survival curves of T-wave alternans and
results of EP study
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Conclusions

Analysis of repolarization parameters gives us important clinical information.
Several clinical studies have shown differences between normal subjects and patients
with different cardiac diseases. But none of them has yet passed the rigorous test of
sensitivity, specificity and prognostic value, especially the value as an independent
prognostic test in comparison with other already established parameters.

A standardization of the three techniques is needed, and afterwards large tri-
als comparing their prognostic value should be carried out before a definitive
answer can be given.
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Risk Stratification after Acute Myocardial Infarction:
What Is the Usefulness of Programmed Ventricular
Stimulation ?

M. ZONI-BERISSO AND D. SILVESTRI

In the first year following acute myocardial infarction (AMI), sudden death, gen-
erally due to ventricular tachyarrhythmias [1, 2], and spontaneous sustained ven-
tricular tachycardia (SVT) occur in 3%-5% of patients discharged from the hospi-
tal. In addition, in this setting, sudden death represents approximately one half of
all cardiac deaths [3-5]. Therefore, it is evident that an early and accurate identifi-
cation of patients at risk of such arrhythmic events is highly desirable. This capa-
bility would allow therapeutic intervention to be limited to selected patients only.

In the past, numerous noninvasive procedures have been utilized singly or in
combination to predict sudden death and life-threatening ventricular arrhythmias
in post-AMI patients. Unfortunately, their predictive accuracy cannot be considered
quite satisfactory because of lack in sensitivity or specificity [3-8]. More recently,
programmed ventricular stimulation has shown to be an interesting and promising
technique in the risk stratification for arrhythmic events. This is due to its ability to
induce ventricular tachyarrhythmias of potential predictive value [9-16]. The ratio-
nale underlying the use of programmed ventricular stimulation as an indicator of
prognosis after AMI is the following: 1) in the border zone of the infarction scar,
anatomical reentrant circuits may develop as a consequence of the presence of areas
of unidirectional block and slow conduction; 2) spontaneous ventricular ectopic
beats, if appropriately sited and timed, may induce sustained reentrant ventricular
tachyarrhythmias; 3) in the presence of a reentrant circuit, programmed ventricular
stimulation may initiate sustained arrhythmias; 4) inducible ventricular tach-
yarrhythmias might be an accurate indicator of prognosis.

In the present review the prognostic value of inducible ventricular arrhyth-
mias in post-AMI patients, and the indications and timings of programmed ven-
tricular stimulation are discussed.

Programmed Ventricular Stimulation: Prognostic Value

In previous years, a large set of clinical studies has been performed to assess: 1)
whether inducible ventricular arrhythmias are actually of clinical importance,
and 2) which inducible arrhythmia is the best indicator of adverse prognosis.

Divisione di Cardiologia, E.O. Ospedali Galliera,Genoa, Italy
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Contrasting results were obtained. In a first series of 5 studies [17-21] performed
on a relatively small number of patients (2 = 405), programmed ventricular stim-
ulation failed to show any usefulness in the identification of patients at risk of
late arrhythmic events. However, in these studies, the assessment was performed
generally on patients with uncomplicated infarction, with left ventricular ejection
fraction > 40% and low frequency of spontaneous ventricular arrhythmias on 24-
hour electrocardiographic recording. In addition, in the majority of cases, the
electrophysiologic study was performed utilizing no more than 2 extrastimuli,
applied at only 1 site (apex) of the right ventricle (Table 1). This means that the
study population represents a particular subgroup of postinfarction patients with

Table 1. Studies in which programmed ventricular stimulation failed to show any useful-
ness in the risk stratification: characteristics of the patients submitted to the electrophy-
siologic study, stimulation protocols

Stimulation LVEF Spontaneous
protocols % ventricular
arrhythmias
nPts nExtra n Pts Pts Pts Pts
Stimuli  Sites Ind Nonind Ind Nonind
Roy et al. [17] 150 2 1 45+ 12 46 + 12 4 +10 25+6
VPD/h VPD/h
Marchlinski 46 2 1 50+ 13 42+13 Lown4 Lown4
etal. [19] 70% 25%
Bhandari 75 2 3 47+ 15 48 +11
et al. [20]
Gonzalez 84 2 1 Lown>3 Lown2>3
etal. [21] 45% 20%
Santarelli 50 2 2 451 10 Lown 4 Lown 4
etal.[18] 23% 33%

n, number; Pts, patients; LVEF, left ventricular ejection fraction; Ind, induced; Nonind,
noninduced; VPD, ventricular premature depolarization

a very low risk of future arrhythmic events, and that the study protocols utilized
were not aggressive enough to achieve significant results. In fact, in such patients
the frequency of late arrhythmic events was lower (0%-3%) than that generally
observed on the whole of post-AMI patients (3%-5%), and the frequency of
inducible sustained ventricular tachycardias was only 11%-20% in comparison
with 19%-42% observed in other studies where 3 extrastimuli were utilized [10-
12, 14-20]. In contrast with these results, a second larger group of investigations
showed a significant association between some forms of inducible arrhythmias
and late arrhythmic events. Among such studies, 2 further subgroups can be
identified. The first consisting of 4 investigations [9-12], performed on 1922 non-
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selected patients, characterized by a relatively high frequency of spontaneous
complex ventricular arrhythmias (see Table 3), and by a relatively high frequency
of moderate to severe left ventricular dysfunction (left ventricular ejection frac-
tion < 40% approximately in one third of cases) (Table 2). The second consists of

Table 2. Studies performed on nonselected patients: stimulation protocols, relation between

inducible arrhythmias and late arrhythmic events

n Pts n Site Arrh P Sen Sp PPV
Extr % % %
Stim
Bourke 1209 2(4) 2 MSVT <0.001 19(53) 98(93) 30(17)
etal. [9]* > 230ms
Cripps etal. [10] 75 3 2 MSVT  <0.002 100 97 75
Iesaka etal.[11] 146 3 2 MSVT <0.02 82 84 29
Brembilla- 492 3 2 MSVT <0.001 21 83 21
Perrot et al. [12] > 230ms

Pts, patients; ExtrStim, extrastimuli; Sen, sensitivity; Sp, specificity; PPV, positive predicti-
ve value; MSVT, monomorphic sustained ventricular tachycardia; * in brackets are shown
sensitivity, specificity and positive predictive value when up to 4 extrastimuli were delive-
red at the apex of the right ventricle

7 investigations [13-16, 22-24] performed on 450 patients, all preselected on the
basis of clinical and laboratory noninvasive variables indicative either of adverse
prognosis or arrhythmic events (Table 3). In these studies, programmed ventricu-
lar stimulation was performed utilizing at least 2 extrastimuli (maximum 4, in 1
study only), preceded by drive trains of 8 extrastimuli at 2 or 3 different cycle
lengths, delivered generally at 2 sites of the right ventricle (apex and outflow
tract). When considering all the 11 above mentioned studies in a common pool, it
appears that: 1) monomorphic SVT is the only inducible arrhythmia of prognos-
tic importance, 2) monomorphic SVT at cycle length > 230 ms is the strongest
independent predictor of arrhythmic events, and 3) monomorphic SVT shows the
highest positive predictive value when the electrophysiologic study is performed
on preselected patients. More specifically, such arrhythmia is inducible approxi-
mately in 12% of patients (range 6.5%-42%) and allows the identification of sub-
jects at risk with 50%-100% sensitivity, 75%-98% specificity, and 21%-75% posi-
tive predictive value [9-16, 24].

Although the results of the above mentioned studies are not easily compara-
ble because of marked differences in patient enrolment criteria, stimulation pro-
tocols, timings of electrophysiologic studies and follow-up durations, there is
clear evidence that programmed ventricular stimulation, performed just before
hospital discharge, can be considered the best single procedure to predict late
arrhythmic events after AMI (Table 4). This is true either the stimulation proto-
col includes the erogation of 3 extrastimuli preceded by 2 drive cycle lengths ero-
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Table 4. Sensitivity, specificity and positive predictive value of noninvasive variables signifi-
cantly related to sudden death and spontaneous sustained ventricular tachycardia

Variables Pts Sen Sp PPV
Pos
% % % %
LVEF < 40% 25-45 45-80 55-75 9-24
VLP 30-50 60-85 65-80 8-29
Compl VA 30-60 50-80 42-85 6-23
HRV 27-35 90 77-98 15-17
BRS < 3 ms/mmHg 80 91 44
SMVT 7-42 50-100 75-98 21-75
LVEF < 40% + VLP 20-30 25-80 60-90 10-30
LVEF < 40% + Compl VA 10-30 35-75 45-90 15-30
LVEF < 40% + HRV 40 90 22
VLP + LVEF < 40% + 3-15 25-50 50-95 45-55
Compl VA
VLP and/or LVEF < 40% 50-90 100 50-55 10-15
and/or Compl VA
VLP and/or Killip > 2 and/or 40 100 58 12
VPD 2 30/h

Abbreviations - See Tables 1,2 and 3; Pts Pos, positive patients
Data from [3-9, 22,24, 31]

gated at 2 sites of the right ventricle (maximal sensitivity achievable), or 2
extrastimuli at 2 sites of the right ventricle (maximal specificity achievable), or 3
extrastimuli erogated only at the apex of the right ventricle (compromise between
high sensitivity and specificity) [9-16,22-24] (Tables 2 and 3).

Programmed Ventricular Stimulation: Feasibility, Indications, Timings

The experience accumulated in the past few years on a relatively large series of
post-AMI patients (more than 3000 published cases) has clearly shown that pro-
grammed ventricular stimulation is a test feasible in the majority of coronary
care units, and not overloaded by severe complications. This on condition that it
is performed by well-trained teams, in laboratories equiped adequately for car-
diorespiratory resuscitation, and, in particular, if the criteria of exclusion are
strictly observed. These include the presence of congestive heart failure or
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myocardial ischemia resistant to adequate medical therapy, recurrent episodes of
sustained ventricular tachyarrhythmias after the first 48 hours of AMI, significant
associated noncardiac diseases, electrolyte or metabolic imbalance, intraventricular
thrombosis at risk of embolization. In the presence of the last two complications, it
is mandatory to postpone the electrophysiologic study [9, 10, 14,17, 19, 25].

If no controversy exists at present on the usefulness, feasibility and safety of
programmed stimulation after AMI, uncertainty still persists on its optimum tim-
ing and on the most appropriate indications to achieve the best cost-benefit ratio.
With regard to the first question, recently some investigators have shown that the
later in the postinfarction period, the lower myocardial electrical instability, and
that the later the time of ventricular tachycardia induction the better the predic-
tion of late arrhythmic events [26-28]. Consequently, Nogami et al. suggested that
programmed stimulation be performed at least 1 month after AMI [27].
Unfortunately, these experiences are too small to draw definitive conclusions.
Therefore, at present, we suggest to continue to perform programmed stimulation
just before hospital discharge.

With regard to the second question, some preliminary clinical and ethical
considerations are needed. Although programmed ventricular stimulation has
been shown to be the best single procedure in predicting post-AMI arrhythmic
events [3-11], it cannot be considered an ideal screening test for large number of
patients. In fact, because of its invasive nature, the significant psychological con-
sequences determined by the utilization of DC shock in those patients who expe-
rience inducible ventricular tachyarrhythmias, and its evident uselessness in
those patients clearly known to be at extremely low risk of future arrhythmic
events, it should be reserved only to subgroups of post-AMI patients previously
identified at risk on the basis of clinical and laboratory noninvasive variables [9,
29, 30]. Unfortunately, as recently outlined by Dhingra [29] and by our group [3],
all the variables utilized or only suggested to be utilized(either singly or in com-
bination) for patient preselection appear to be inadequate for this purpose since
they allow the identification of risk patient subgroups with a predictive sensitivi-
ty ranging from 65% to 80% only [3-8, 22, 31] (Table 4). This means that more
than one fourth of those post-AMI patients who will develop late arrhythmic
events are excluded, a priori, from programmed ventricular stimulation assess-
ment. In our opinion, the ideal noninvasive selection procedure should allow the
identification of patients at risk with maximal predictive sensitivity. On this
regard, we and other investigators have shown that the presence of at least 1 of
the following conditions: 1) left ventricular ejection fraction < 40%, 2) ventricular
late potentials, and 3) spontaneous complex ventricular arrhythmias on 24-hour
electrocardiographic recording, allows the identification of a subgroup of
patients at risk (approximately 40% of the entire population) with a predictive
sensitivity near to 100% [3, 6-8]. This modality of patient preselection has been
utilized recently in two studies with encouraging results. In these studies, at the
end of the “two-level” risk stratification procedure, inducible monomorphic SVT
at cycle length > 230 ms predicted sudden death and spontaneous SVT with a
sensitivity, specificity and positive predictive value of 55% and 80%, 97% and
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98%, 65% and 67%, respectively [14, 15]. Such findings represent the best results
in the field of the risk stratification after AMI.

Conclusion

On the basis of the above mentioned data, it appears that programmed ventricular
stimulation performed just before hospital discharge is a useful procedure to pre-
dict sudden death and spontaneous SVT occurring after AMI. However, to achieve
the best cost-benefit ratio, the electrophysiologic study must be reserved only to
patient subgroups preselected by means of noninvasive clinical and laboratory
parameters. Nonivasive preselection should allow the identification of patients at
risk with maximal predictive sensitivity. The most appropriate stimulation proto-
col must include the erogation of triple extrastimuli at 2 drive cycles, at least at the
apex of the right ventricle. Under these conditions, the induction of monomorphic
SVT allows the identification of a small subgroup of patients (less than one fifth)
with a very high likelihood of developing future arrhythmic events (more than
50%). Unfortunately, there are two significant limitations to the above mentioned
“two-level” risk stratification strategy: 1) the number of patients to submit to the
electrophysiologic study is still too large; 2) the predictive sensitivity of pro-
grammed stimulation results is relatively low. To improve the effectiveness of the
entire procedure, further efforts are necessary to identify more appropriate nonin-
vasive preselection criteria and more sensitive stimulation protocols.
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After CAMIAT and EMIAT What is the Role for Amiodarone in the
Prevention of Sudden Death

Y.G. Yap aND A.]. CAMM

Introduction

Despite the tremendous strides in its diagnosis and management over the recent
years, coronary heart disease remains the leading cause of death in the industrialised
world. In the UK, about 459 people die of a heart attack everyday-over 170 000 peo-
ple every year [1]. The majority of deaths following an acute myocardial infarction
(AMI) occur in the first year, with a mortality rate ranging from between 5% to 15%
[2, 3]. The major cause of death in the first year after acute myocardial infarction is
sudden death, usually due to ventricular arrhythmias [4, 5]. While the definition of
sudden death is still under much debate [6] it is recognised that the majority of these
events, although not exclusively, begin as ventricular tachycardia which quickly
degenerates into ventricular fibrillation, in the absence of either acute infarction or
significant ischaemia [7, 8].

Recognition of the relatively high rate of arrhythmic death has prompted the
search for an effective prophylactic antiarrhythmic drug for the prevention of
arrhythmias following an AMI. Apart from [-blockers [9-11] and angiotensin
converting enzyme inhibitor [12], no other agent has been conclusively shown to
reduce mortality. Indeed, several recent randomised clinical trials showed that
some antiarrhythmic agents increased the mortality instead. Both the CAST and
SWORD studies demonstrated that the prophylactic use of class I agents
(encanide, flecainide or moricizine) and class III agent (d-sotalol) increased the
mortality in postinfarction patients [13-15]. This has raised doubt whether phar-
macologic agents can reduce arrhythmic death. Amiodarone, however, is a
unique antiarrhythmic agent which has proven to be effective in the treatment of
sustained, life-threatening ventricular arrhythmias [16, 17]. Several small- and
large-scale trials, most notably the CAMIAT and EMIAT, were conducted to eval-
uate the potential benefit of amiodarone in the prevention of arrhythmias using
either ventricular premature depolarisation (VPD) or left ventricular dysfunc-
tion as a surrogate marker of arrhythmias in patients following an AMI [18-24].
In this chapter, we will discuss the role of amiodarone in the prevention of
arrhythmic and sudden deaths in light of these recently published trials.

Department of Cardiological Sciences, St. George’s Hospital Medical School, Cranmer
Terrace, London, UK
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Mechanism of Antiarrhythmic Action of Amiodarone

Traditionally, antiarrhythmic drugs are classified into groups presumed to have
common mechanisms of action on arrhythmias. The classification most widely
used is the Singh and Vaughan Williams classification [31, 32]. According to this
classification, antiarrhythmic drugs are divided into 4 main classes:

Class I: sodium channel blockers

Class II: sympatholytic drugs

Class III: agents that prolong action potential duration

Class IV: calcium antagonists.

Amiodarone is a complex molecule in that it uniquely possesses pharmaco-
logical properties from all 4 antiarrhythmic classes [25].

Class I effect:

Depression of ventricular conduction results in slowing of ventricular tachy-
cardia rendering it haemodynamically less challenging. Another property com-
mon to class I agents is the ability to suppress VPD and amiodarone has exhibited
a high efficacy in suppressing VPD.

Class II effect:

Sympatholytic effects may lead to sinus node and atrioventricular node sup-
pression. Such sympathetic antagonism can be attributed to potential mecha-
nisms such as reduction in f-adrenoceptor numbers, calcium channel antago-
nism and interactions with thyroid hormone. It is likely that these class II effects
may also exert some protection against sudden death following acute myocardial
infarction.

Class III effect:

Prolongation of action potential duration by amiodarone can prevent both re-
entrant atrial and ventricular arrhythmias.

Class IV effect:

Calcium channel antagonistic action is responsible for a substantial portion of
the ability of amiodarone to inhibit atrioventricular node conduction and may
also reduce arrhythmogenesis (e.g. torsades de pointes) caused by early after-
depolarisation.

Results of CAMIAT and EMIAT Trials

In CAMIAT, the aim of the studies was to assess the effect of amiodarone on the
risk of resuscitated ventricular fibrillation or arrhythmic death among survivors
of myocardial infarction with > 10 ventricular premature depolarisations
(VPDs)/hour or > 1 episode of ventricular tachycardia (VT). Patients were ran-
domised to amiodarone (606) or placebo (596) with a mean loading dose of 776
mg reducing to 208 mg/day on amiodarone and 294 mg/day on placebo at 12
months. Patients were followed-up for up to 2 years. The primary end point of the
study, a composite of resuscitated ventricular fibrillation (VF) and arrhythmic
death on the basis of an efficacy end point was reduced by 48.5% with amiodarone.
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As for the secondary endpoints, amiodarone showed favourable trends in the
reduction of arrhythmic death (32.6%), cardiac mortality (27.4%) and all-cause
mortality (21.2%) though they did not reach any statistical significance [18].

In EMIAT, the aim was to assess whether amiodarone reduced all-cause mor-
tality (primary endpoint) and cardiac mortality and arrhythmic death (sec-
ondary endpoints) in survivors of myocardial infarction with a left ventricular
ejection fraction (LVEF) < 40%. Patients were randomised to treatment with
amiodarone 800 mg/day, or matching placebo, for 14 days, followed by amio-
darone 400 mg/day for 14 weeks and 200 mg/day for the remainder of the study.
There were 743 patients for each arm. The patients were followed-up for up to 2
years. The results showed that the primary end point of total mortality did not
differ between the 2 groups, nor did the cardiac mortality. However, in the amio-
darone group, there was a 35% reduction in the risk of arrhythmic death [19].

Essentially, both CAMIAT and EMIAT showed that amiodarone, when used
prophylactically in postmyocardial infarction patients with > 10 VPDs/hour or
one episode of VT, or LVEF < 40%, reduced the risk of arrhythmic death. There
was no reduction in total mortality. However, controversies have arisen from
these trials since their publication. There was a high proportion of withdrawal in
the amiodarone-group patients compared with placebo in both trials (36.4% vs
25.5% in CAMIAT, 38.5% vs 21.4% in EMIAT). Most of the withdrawals were due
to drug-induced hypothyroidism. Furthermore, EMIAT showed a 33% increase in
the non-arrhythmic cardiac death, which offset the 35% reduction in the arrhyth-
mic death. Although this excess might have been resulted from chance or from
the imbalance in significant prognostic factors between the groups, there has
been concern that it could have been directly caused by amiodarone [26]. As it
happened, fatal reinfarction contributed most to this non-arrhythmic cardiac
death in the amiodarone group. There were, however, three deaths due to pul-
monary fibrosis, presumably a direct consequence of treatment with amiodarone.

Both CAMIAT and EMIAT showed that there was an important synergistic
interaction between amiodarone and B-blockers in the reduction of mortality. In
EMIAT, there were fewer cardiac deaths among amiodarone-treated patients who
were receiving concomitant B-blockers than among those who were not. Similarly,
of those patients who received B-blockers, there was a substantial reduction in the
cardiac and arrhythmic mortality among those who were also given amiodarone.
In CAMIAT, the reduction in the rate of primary outcome cluster (i.e. resuscitated
VF and arrhythmic death) among amiodarone-treated patients was even greater
in those patients who were also taking B-blocker than in those who were not (rela-
tive risk reduction of 87%).

Both CAMIAT and EMIAT represented the largest trials to date examining the
prophylactic use of amiodarone in postmyocardial infarction patients. Despite
this, both trials were underpowered to detect a modest reduction in the total
mortality. As a result, this has prompted the principal investigators of the amio-
darone trials to collaborate and carry out a systematic meta-analysis on all rele-
vant randomised trials to specifically examine whether the apparent beneficial
effect of amiodarone on arrhythmic death could translate into a beneficial effect
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on total mortality, or conversely, whether the adverse effect of non-arrhythmic
death might offset the decrease in arrhythmic death (Amiodarone Trials Meta-
analysis Investigators, unpublished data).

Meta-analysis of the Randomised Trials on the Effect of Prophylactic
Amiodarone on Mortality

In this meta-analysis, patient data from 13 randomised controlled trials (includ-
ing CAMIAT and EMIAT) of prophylactic amiodarone in patients with recent
myocardial infarction (MI)(8 trials) or congestive heart failure (CHF)(5 trials)
were pooled. Nine trials were double-blind placebo-controlled and 4 compared
amiodarone with usual care. A total of 6553 patients were randomised (78% post-
MI and 22% CHF). The results showed that sudden death or arrhythmic death in
high risk patients (i.e. recent MI or CHF) was reduced by 29%, with this translat-
ing into an overall reduction of 13% in all-cause mortality when amiodarone was
used prophylactically. The effect on non-arrhythmic death was neutral. There was
no difference in the treatment effect between post-MI and CHF studies.

Role of Amiodarone in the Prevention of Sudden Death

The results from this meta-analysis appears to strengthen the role of amiodarone
as a prophylactic agent in suppressing arrhythmic deaths as well as reducing all-
cause mortality in high risk patients (i.e. those with poor LVEF or frequent VPD)
in survivors of AMI. Although amiodarone is not recommended for systematic
prophylactic use in survivors of AMI, these findings appear to advocate early
amiodarone treatment in high risk patients with poor LVEF or ventricular
arrhythmias after infarction. Use of low dose amiodarone will prevent one death
for every 43 postmyocardial infarction treated for 2 years.

The beneficial effect observed with low dose amiodarone treatment in the
first year after infarction continues for several years following discontinuation
[27]. However, the question of optimal duration of amiodarone therapy following
infarction is unresolved and this will be a useful line of future investigation [28].
The BASIS study suggested that treatment could be discontinued after 1 year
without loss of the antiarrhythmic benefit which had been seen during the active
treatment phase of this post-AMI trial [27].

Unlike class I antiarrhythmics and d-sotalol, amiodarone appeared to be safe
and did not show any pro-arrhythmic effect. Adverse experiences attributable to
low dose amiodarone that resulted in discontinuation of treatment occurred at a
low rate. From the meta-analysis, only about a third of amiodarone discontinua-
tion was due to adverse effects during the two year duration of treatment, which
would suggest a possibly much lower rate of discontinuation in clinical practice.
Hypothyroidism is the commonest adverse effect.

An unexpected finding from both CAMIAT and EMIAT is the protection con-
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ferred by amiodarone in patients receiving concomitant -blockers. The mecha-
nism of the protection is unknown. It may be attributed to its non-competitive
adrenergic blockade action. Alternatively, it may be that the patients selected for
treatment with B-blocker are intrinsically not sensitive to the beneficial effect of
amiodarone. This reviews the possibility of a greater potential benefit of using a
combination therapy with amiodarone and other drugs (e.g. B-blocker or
angiotensin converting enzyme inhibitors) in the reduction of arrhythmic, sud-
den or cardiac mortality among postmyocardial infarction patients. A ran-
domised control trial will be needed to explore such a potential.

Finally, can the results from these amiodarone trials be extrapolated to other
subgroups of patients at risk of ventricular arrhythmias such as patients with
hypertrophic cardiomyopathy or dilated cardiomyopathy? Previous studies
demonstrated similar differences in favour of amiodarone in patients with hyper-
trophic cardiomyopathy [29]. Likewise, amiodarone has also been shown to sup-
press ventricular arrhythmias in 70% of patients with idiopathic cardiomyopathy
[30]. The potential of amiodarone on these at risk groups may need to be con-
firmed with separate prospective randomised controlled trials. However, not
every small subgroup can be realistically tested and it is probably appropriate to
extrapolate the results of the meta-analysis to other aetiological groups at high
risk of sudden death due to ventricular arrhythmias. In patients with chronic
heart failure, however, the meta-analysis has already indicated amiodarone has
the same survival benefit in this subgroup of patients as post-myocardial infarc-
tion patients. The benefit is even greater in patients with symptomatic heart fail-
ure (NYHA III-1V) where 1 death will be prevented for every 13 of these patients
treated for 2 years with amiodarone.

In conclusion, after CAMIAT and EMIAT, the role of amiodarone in the pre-
vention of sudden death has only just begun.
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Beta-blockers Prevent Sudden Death:
s0 Why Is Their Use Limited after Myocardial Infarction?

M. LUNATI, M. GASPARINI, G. MAGENTA, G. CATTAFI AND G. GADALETA

Introduction

There is overwhelming evidence that in the post myocardial infarction (MI) set-
ting B-blockers (BB) are of benefit (in terms of safety and efficacy): they reduce
recurrent MI, sudden death (SD) mortality, total mortality especially in patients
with depressed ventricular function [1-14].

With regard to the treatment of this clinical setting and the appropriate use of
antiarrhythmic agents (AA) it seems important to remember what an International
Consensus Committee stated in 1994 [15]:

“The most important antiarrhythmic drug attributes an AA should show are:

- 1 no increased post-MI mortality risk;

- 2 low cardiac adverse effects;

- 3 documented long-term safety;

- 4 low proarrhythmic incidence;

- 5 low organ toxicity;

aside from BB no single agent demonstrated all of these. Sufficient post-MI trial
data show a decrease in mortality only with BB (the beneficial effect may be
more than just antiarrhythmic). Some limited data on amiodarone appear
promising.”

It also seems crucial to repeat the recently published ACC-AHA Guidelines
for the Management of Patients With Acute Myocardial Infarction [16]. Among
the recommendations for the long-term management of a specific Class I inter-
vention (conditions for which there is evidence and/or general agreement that
the treatment is beneficial, useful and effective) it states:

“All but low risk patients without a clear contraindication to § adrenoceptor
blockers therapy should be treated.Treatment should begin within a few days of
the event (if not initiated acutely) and continue indefinitely”.

In order to try to give a reply to the question of the title it seems reasonable
to review some data about this problem in advance.

Servizio di Elettrofisiologia ed Elettrostimolazione, Dipartimento Cardiologico “A. De
Gasperis”, Ospedale Ca’ Granda, Milano-Niguarda, Italy
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Overview of the Results of Prophylactic Therapy with Beta-blockers on
Mortality in Patients with Post-MI Ischemic Heart Disease

Many studies show evidence of the benefits of the BB in the secondary prevention
after MI. In particular the Norwegian Multicenter Study Group Trial (with timo-
lol, 1981) [1], the Beta-Blockers Heart Attack Trial (with propranolol, 1982) [2],
and the Goteborg Metoprolol Trial (with metoprolol, 1984) [3] demonstrated a
significant reduction in total mortality (from 20% to 30%). Sudden death (SD)
mortality is also successfully diminished in this setting: in the analysis of Olson
(pooled results from five clinical trials with metoprolol) the reduction of total
mortality depends primarily on the reduction of SD [8].

It seems reasonable to present and make some comments on the largest study of
metanalysis published up to now. Teo et al. [13] in 1993 investigated the effects of
prophylactic therapy with AA in patients with ML The mortality rate from 138 tri-
als (98 000 patients) was combined by the Yusuf-Peto adaptation of the Mantel-
Haentzel method. In patients allocated to the treatment with Class I AA there were
660 deaths among 11 712 patients who received active drug and 571 deaths in 11
517 control patients (51 trials: odds ratio = 1.14, 95% C.L 1.01-1.28; p = .03). In
patients allocated to receive a Class IV AA there were 982 deaths among 10 154
patients who received active treatment and 949 deaths in 10 188 control patients (24
trials: odds ratio = 1.04,95% C.1. 0.95-1.14; p = .41). In patients allocated to receive
amiodarone (Class III AA) 77 out of 778 patients died compared with 101 deaths in
779 control patients (9 trials: odds ratio = 0.71,95% C.I.0.51-0.97; p = .03).

These data indicate that routine use of Class I AA is associated with increased
mortality, the use of Ca-Channel blockers is unpromising or might be harmful,
limited data on amiodarone appear promising (this is confirmed by more recent
studies and by the metanalysis of Cairns et al., [17]). Conversely the review of the
systematic analysis concerning the data of the controlled trials (55) that evaluated
Class IT AA evidenced a dramatic reduction of mortality. There were 1464
patients who died in the group of 26 973 patients randomized to BB and 1727 in
26 295 controls (odds ratio = 0.81, 95% C.I. 0.75-0.87; p = .00001).

The beneficial effects of BB (reduction of the risk of death = 19%) are extreme-
ly convincing and conclusively demonstrated. Moreover a very important retro-
spective study [18] searched the CAST results for evidence of mortality and mor-
bidity reduction in patients receiving optional BB therapy. The authors studied
2611 patients of the CAST I and II enrollment (population with an ejection frac-
tion < 40%) and analyzed survival curves for the patients (27%) in BB therapy.
Significantly fewer all-cause deaths in patients receiving BB (> 75% of the patients
taking BB at baseline were still receiving therapy at 1-year follow-up examination)
were found (approximately 1/3 less mortality, p = .036). Multivariate analysis
showed BB therapy to be a significant independent factor related to a decreased
risk of arrhythmic death and increased freedom from congestive heart failure. The
reduction in death rate is more evident in the initial 6 months but with continued
efficacy later. This study confirms previous knowledge (analysis from BHAT-1993
[2], from BB Pooling Project-1988 [6], from APSI-1990 [7]) of better results of BB
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in highest mortality risk cohort of patients, based on findings of recurrent
ischemia, arrhythmias, congestive heart failure. There is, in addition, evidence of
a “anti-proarrhythmic” effects of the “CAST” drugs [18].

Other authors found significantly better effects of BB in specific subgroups: in
diabetics [19], in older patients (60-74 years, reduction of mortality of 40% versus
28% in younger patients) [20], in non Q wave MI [21], in patients without antero-
grade flow in the infarct artery [22].

Mechanisms of Action of Beta-blockers

The B-adrenergic inhibition exerts complementary effects which are extremely

complex and not fully understood. Cardiac arrhythmias, especially in post-MI

ischemic heart disease, involve multiple mechanisms and only a multifocal
approach appears logical and not harmful today.

Several factors account for the prophylactic efficacy of BB, which we will try
to summarize.

1. The electrophysiologic benefits derive from the multiple mechanisms of
antiarrhythmic action of these drugs.

+ Primary antifibrillatory mechanism (through a relation with serum potas-

sium?) and prolongation of ventricular effective refractory period.

+ Increase in parasympathetic tone. The enhanced vagal activity seems to be
due to a direct effect in the CNS and is a typical clue of lip‘ophilic BB which
can penetrate into the brain. The lipophilicity of propranolol, timolol and
metoprolol could explain the decreased risk of SD.

+ Attenuation of heterogeneicity associated with regional denervated areas
of ischemic and necrotic myocardium and autonomic supersensitivity.

+ Blocking of the increased cardiac catecholamine spillover (typical of
patients with cardiac heart failure).

*+  Anti-proarrhythmic effects.

+ Moderate suppression of premature ventricular beats.

+ Bradycardic-induced decreased dispersion of refractoriness and rate-
dependent fractionation of conduction.

2. The anti-ischemic effects of BB are well demonstrated and explained by the
reduction of oxygen demand (through a negative chronotropic and inotropic
effect).

3. Other cardioprotective effects.

Among these we can remember: decrease of Ca?* uptake in atherosclerotic
plaque, decrease of platelet aggregation mediated by catecholamines, increased
synthesis of prostacyclines, decrease of thrombotic risk through an action on fib-
rinogen.

It is quite obvious that the pharmacologic regimen of BB does not act directly
on arrhythmias but has nevertheless a substantial effect by continuously modu-
lating the arrhythmogenic influences on the substrate (ischemic and/or necrotic
myocardium) and decreasing ischemic burden (General Law — Ischemia + High
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Sympathetic Activity = initiation and perpetuation of fast, unstable ventricular
arrhythmias).

These data have led to a shift in the search of the AA of the future: blunting of
sympathetic stimulation is considered an integral component of a new antiar-
rhythmic drug or regimen [23].

Physician’s Biases in Not Prescribing Beta-blocker Therapy in Post-MI
Ischemic Heart Disease

The problem is of course conspicuous (only 25% of the patients are allocated to
BB) and multifactorial.

In the following pages we will consider the possible causes of the biases and
will make some comments on this behavior and on the possible solutions.

+ Beta blockade is associated with many side effects (moderate and serious)
which are more likely to occur after longer exposure and are a concern for
patients and physicians. Among these one finds: sinus bradycardia, asthma
or bronchospasm, hypotension, fatigue, mental depression, sexual interfer-
ences, Raynaud’s phenomenon. Moreover indirect effects (potential
atherogenic changes in lipid metabolism) and above all the belief that BB
are detrimental to patients with decreased left ventricular function strong-
ly affected prescription.

If one considers recent studies it seems obvious that lipidic alterations have
no clinical relevance (on the contrary BB contrast development of atherosclero-
sis) and it is clear and conclusively accepted that the worse the post-MI status of
the patient is (highest mortality risk for ischemia, arrhythmias, left ventricular
dysfunction) the better the benefit in terms of survival and decreased morbidity.

The rate of withdrawal of BB is considerably high (up to 30%) [14]. It is
important to reassure the clinicians and the referring cardiologists that one has
to choose the “right” BB and the “right” dosage of the drug for the individual
patient and that the benefit of long-term treatment largely outweighs the cost.

+ The questions of major importance which BB should be used and how
long BB therapy should be maintained seem to remain unanswered (and
lead to “low compliance” by the patient and his referring cardiologist or
general practitioner).

Recent studies support the view that it is safest to stick to BB with document-
ed efficacy and follow-up (propranolol, metoprolol, nadolol, atenolol, timolol)
and to maintain the treatment indefinitely [1-10].

+ The traditional arrhythmia suppression hypothesis, which formed the
basis for an enormous number of clinical trials with various AA, largely
affected clinical practice but only recently has been abandoned. After the
disasters of trials such as CAST I and II [24] and SWORD [25] (excess of
mortality in patients receiving moricizine, encainide, flecainide, d-sotalol)
not only was there a reevaluation of the practice of prescribing prophylac-
tic antiarrhythmic drug therapy with the currently available agents, but
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(importantly) there was also a shift from the traditional end point of arrhyth-
mia suppression (Holter) and/or arrhythmia induction (Electrophysiologic
Study), and the search for the presence of other markers of electrical instabil-
ity such as the presence of late potentials, and the evidence of low vagal and
high sympathetic activity (depressed baroreflex sensitivity, reduced heart
rate variability). The concept that decreasing heart rate and ischemia, and
reducing sympathetic activity, is a more promising approach to the preven-
tion of SD than suppressing ambient arrhythmias recorded on ECG or Holter
monitoring, will take some years to be universally accepted.

Concern in the field of post-MI arrhythmias is generally much more influ-
enced by large-scale clinical trials which demonstrated a negative and very
harmful effect (CAST [24], SWORD [25]) than by studies which clearly
delineate a positive effect of a drug. In this field, the “climate of reevalua-
tion” of a consolidated hypothesis has a strong impact on prescribing
behaviors: in Italy the GISSI studies clearly evidenced the rapid transfer of
the trial results to routine clinical practice [26]. There is a significant
decreasing trend from the early 1980s to the early 1990s in the use of AA in
the post-MI setting :

amiodarone 8.6% —= 4%  p<0.001

mexiletine  3.1% ——> 1.1% p<0.001

propafenone 1.8% —— 0.5% p<0.001

flecainide 0.7% —— 0.1% p<0.001

others 1.1% —— 02% p<0.001.

In Italian physicians there is a relevant “cultural dependency” on North
American and English studies that report, up to now, usage of BB in 20%-30%
of post-MI patients (CAMIAT, SAVE, SOLVD, MADIT) [27-29] whereas in
Europe and Scandinavia the prevalence of optional BB therapy is 50%-70%.
Last but not least, there is nevertheless conclusive evidence that also in
Italy the trend for the use of BB is significantly and continuously increas-
ing. According to GISSI 1 (1983-1985, 12 000 patients), GISSI 2 (1988-1989,
12 490 patients), GISSI 3 (1991-1993, 19 394 patients) the prescription of
BB at follow-up increased from 10% (GISSI 1) to 32% (GISSI 3) whereas in
the same time the prescription of Ca-antagonists decreased from 58% to
20%, nitrates from 32% to15%, inotropic agents from 23% to 8%, and
diuretics from 25% to 15% [30].
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Prevention of Sudden Death in Post-MI Patients:
What Is the Role of Non-Antiarrhythmic Drugs?

D. BRACCHETTI, G. CASELLA, E. NEGRINI, M.G. CAMPLESE AND P. SANGIORGIO

Ventricular arrhythmias have a relevant prognostic significance, particularly
when associated with myocardial infarction, ischemic heart disease or congestive
heart failure. Unfortunately, very effective antiarrhythmic drugs failed to
improve prognosis as shown by the CAST studies. Moreover, their use has been
limited by several hazardous side effects such as negative inotropic action and
serious proarrhythmia. Furthermore, in ischemic heart disease, the electrophysi-
ological mechanisms responsible for ventricular arrhythmias are complex (reen-
try, abnormal automaticity, delayed after-depolarization), variable and often
interdependent. Besides, concomitant factors as sympathetic hypertone,
hypokalemia and acidosis play a crucial role. Thus, clinical indications for antiar-
rhythmic therapy are still controversial and it could be reasonable to consider,
when approaching ventricular arrhythmias, the treatment of concomitant fac-
tors and the use of drugs such as fibrinolytic agents, B-blockers and ACE
inhibitors, that are not traditionally considered as antiarrhythmic agents.

Triggering Factors

Acute myocardial infarction (AMI) is a clinical condition characterized by
increased neurohormonal activation (high levels of adrenergic tone, renin-
angiotensin system activation). Thus, findings of hypokalemia and hypomagne-
semia, that are strongly related with ventricular arrhythmias are common [1].
Data from the MRFIT trial showed that the number of premature ventricular
complexes (PVC) increases by about 28% for any reduction of kalemia of 1 mEq/l
[1]. In AMI, hypokalemia and potentially fatal ventricular arrhythmias, like sus-
tained ventricular tachycardia (VT) or ventricular fibrillation (VF) are closely
associated (in patients suffering AM]J, the risk of VT is 5 times more frequent
when serum potassium is below 3.9 mEq/1 [2]).

Besides, the effectiveness of antiarrhythmic drugs may be dramatically
reduced in hypokalemic patients. On the other hand, the favorable effect of 3-
blockers on VF in AMI may come out not only from their antiadrenergic action,
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but also from the reduction of the hypokalemia induced by the activation of -2
receptors.

Fibrinolytic Agents

Large randomised trials have demonstrated that fibrinolytic therapy can reduce
mortality in patients with AMI by about 18% [3]. This beneficial effect is attrib-
uted to a reduction of the myocardial damage and to the recanalisation of the
occluded infarct-related artery (IRA) [4]. Furthermore, reperfusion therapy has
well established antiarrhythmic effects: first, reperfusion may reduce the inci-
dence of arrhythmias through a limitation of peri-infarctual ischemia, moreover
a patent IRA can improve the electrical stability through a favorable effect on
ventricular remodeling. On the other hand, reperfusion can frequently elicit ven-
tricular arrhythmias, secondary to intracellular calcium overload, oxygen-derived
free radicals and free fatty acids toxicity. The final result is a beneficial effect on
ventricular arrhythmias. In fact, although the meta-analysis [5] of the major clin-
ical trials did not demonstrate a reduction of VF in the first 24 hours after AMI,
ventricular arrythmias dramatically decreased in the later hospital phase. These
data have been confirmed by the GISSI-2 study [6], where a 20% reduction in the
later in-hospital VF of patients treated with fibrinolytic agents has been showed.

In conclusion, there is no doubt that early intravenous thrombolytic therapy
reduces ventricular arrhythmias, both during the acute phase and the later hospi-
talization, and improves electrical stability. The benefit is probably the result of
the patency of the infarct-related artery that, limiting ventricular dilatation and
preventing left ventricular aneurysm, obviates the development of electrophysio-
logical alterations that can predispose to arrhythmias.

[3-Blockers

Augmented sympathetic drive is one of the most typical pathophysiological alter-
ations in AML. It is related to the occurrence of serious arrhythmias and results in
an increased myocardial oxygen consumption and ischemia. Furthermore, other
structural abnormalities like ventricular hypertrophy and/or dilatation, ischemia,
hypokalemia, etc., may work as predisposing factors to potentially lethal ventric-
ular arrhythmias.

The beneficial anti-ischemic and cardioprotective effects of f-blockers in this
setting are well known. In addition they have a mild antiarrhythmic effect that is
due to the antagonism of catecholamines. Experimental and clinical studies sup-
ported a powerful antifibrillatory action as opposed to a weak positive effect on
PVC and other stable ventricular arrhythmias [7]. The cause of these different
effects is probably a consequence of the distinct mechanisms of initiation of PVC
and stable monomorphic ventricular tachyarrhythmias compared to that of elec-
trically unstable ventricular tachyarrhythmias. Thus, B-blockers seem to be much
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more effective in suppressing “unstable” than “stable” ventricular arrhythmias
[7]. In fact, B-blockers appear to be particularly effective in controlling factors
predisposing to electrical instability, like myocardial ischemia, high cardiac sym-
pathetic tone and decreased vagal tone. The role of B-blockers in increasing the
threshold for VF has been clearly demonstrated by the reduced incidence of VF in
the early phase of AMI. Selective -2 blockers showed better results than B-1
agents, probably due to their effect on the balance between intra- and extracellu-
lar potassium. The overview [8] of 28 randomized trials indicates that early inter-
vention with B-blockers (intravenous or oral) in AMI reduces the risk of reinfarc-
tion, sudden death and lethal ventricular arrhythmias by 15%-20%. These
encouraging results with the early use of B-blockers may be even better after
long-term administration.

B-blocker therapy has also been intensively investigated for secondary pre-
vention following AMI. The beneficial effects of B-blockers after AMI are
extremely convincing: broad trials with different agents (propanolol, metoprolol,
timolol) have demonstrated that these drugs improve survival and also reduce
the incidence of sudden death. The meta-analysis [9] of 5 different long-term
metoprolol trials confirmed that the reduction in total mortality was primarily
related to a 40% reduction in the incidence of sudden death. The benefit was
mainly observed in the high risk subjects (low ejection fraction, warning arrhyth-
mias on Holter).

B-blockers may also be safely used in patients taking other antiarrhythmic
drugs: a retrospective analysis of the CAST study [10] showed that those patients
treated with B-blockers were less likely to have sudden death or non-fatal cardiac
arrest than those receiving only an antiarrhythmic drug. These data suggest that
B-blockers prevented the adverse effects of antiarrhythmic drugs observed in the
CAST study and may indeed have an effective “anti-proarrhythmic” action. More
recently the CASH study [11] revealed that metoprolol, propafenone and amio-
darone were less effective than implantable defibrillators in preventing sudden
death in survivors of cardiac arrest, but when the long-term follow-up was
assessed, mortality among the different groups was not statistically different.

Angiotensin Converting Enzyme (ACE) Inhibitors

ACE inhibitor drugs have extended their first indication for the treatment of
hypertension to that of congestive heart failure, AMI and chronic ischemic heart
disease. These agents inhibit the conversion of circulating angiotensin 1 to the
powerful vasoconstrictor angiotensin 2. Therefore ACE inhibition leads to
peripheral vasodilatation and beneficially acts on the complex and compensatory
neurohormonal changes (activation of the renin-angiotensin-aldosterone axis,
heightened noradrenaline release, inactivation of the breakdown of bradykinins)
that follow these clinical conditions. The electrophysiological effects of ACE
inhibitors are a consequence of their antagonism to the detrimental effects of
angiotensin 2 on autonomic nervous system, of their mild 3-blocking properties
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and of the decrease of the parasympathetic tone. Furthermore, ACE inhibitors
have been reported to improve the balance of electrolytes through a reduction of
hypokalemia. Last, but not least, ACE inhibitors have a powerful hemodynamic
effect and they might reverse hypertrophy and decrease left ventricle chamber
size, both determinant factors in the genesis of arrhythmias. Experimental stud-
ies clearly demonstrated a strong association between myocardial cells stretching
and ventricular arrhythmias, and these findings suggest that drugs effective in
reducing parietal tension may have an antiarrhythmic action [12]. Thus, it is still
questionable how much the hemodynamic improvement may affect the electro-
physiological properties of ACE inhibitors. In conclusion, the electrophysiologi-
cal effects of ACE inhibitors are a consequence of many intricate factors such as
hemodynamic effects, electrolyte stabilisation, regression of left ventricular
hypertrophy and B-blockers action [13].

In the clinical setting, ACE inhibitors have been reported to have a beneficial
effect in reducing arrhythmias in patients with acute AMI. The CATS study [14]
revealed that early administration of captopril in patients treated with fibrinolyt-
ic agents for anterior AMI, significantly reduces the incidence of sustained ven-
tricular arrhythmias and accelerated idioventricular rhythm, probably through
the limitation of the reperfusion damage. A similar effect on the reduction of ven-
tricular arrhythmias and sudden death, by early ACE inhibition with zofenopril,
has been reported in the SMILE trial [15]. These beneficial antiarrhythmic prop-
erties of ACE inhibitors confirm the critical role of the activation of the renin-
angiotensin-aldosterone axis and of the enhanced adrenergic drive in the genesis
of ventricular arrhythmias. Moreover, ACE inhibitors may also have a promising
electrophysiological role in chronic congestive heart failure (CHF), since the pres-
ence of left ventricular dilatation, hypertrophy and fibrosis may be predisposing
factors for arrhythmias. In 1987 the CONSENSUS study [16] clearly indicated that
treatment with enalapril reduces the risk of death by 31% in patients with CHF
after a 1 year follow-up. The reduction in mortality was mainly due to a substan-
tial decrease in death from progressive heart failure rather than an effect on sud-
den death. In subsequent studies, the mortality benefits of ACE inhibitors have
been confirmed, but until VHeFT-II there was nothing to suggest an ACE
inhibitor effect on sudden death. In the VHeFT-II trial [17], enalapril demonstrat-
ed a favorable trend toward less arrhythmic death, especially in patients with rel-
atively preserved left ventricular ejection fraction. These data support the
hypothesis that if myocardial stretch were one of the mechanisms involved in the
genesis of arrhythmias, they would be more readily modified before widespread
fibrosis had become established. In the SAVE trial [18] a reduction in sudden
death and incidence of arrhythmias was observed among patients survivors of
AMI treated with captopril, while data from the SOLVD study did not seem as
favorable [19]. In the Hy-C trial [20] a very impressive 75% reduction in sudden
death (7% captopril vs 28% hydralazine) was observed in patients with NYHA
class III-IV CHF treated with captopril. Recently, the TRACE trial [21] demon-
strated that the early administration of trandolapril in patients with AMI and
echocardiographic signs of left ventricular systolic dysfunction significantly
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reduces cardiovascular mortality, mainly through a reduction in sudden death.
Similarly, the AIRE investigators [22] found that ramipril reduced overall mortal-
ity by 27% in patients with clinical evidence of heart failure after AMI, with a 30%
reduction of sudden death. In this trial the decrease in sudden death might reflect
the prevention of progression of left ventricular failure more than the reduction
of arrhythmic death.

However, further support for an antiarrhythmic effect of ACE inhibitors
comes from analysis of Holter recordings in CHF subjects. Captopril can reduce
the frequency of PVC [23] and in the VHeFT-II trial [17], patients treated with
enalapril had fewer VT than their counterparts. It is noteworthy that the enalapril
associated 27% reduction of VT at one year, was paralleled by a 51% reduction in
sudden death. Thus, the antiarrhythmic role of ACE inhibition, although still
speculative, seems to be promising.

Conclusions

Conventional treatment of AMI with vasodilators, anti-ischemic and fibrinolytic
agents can not be a definitive substitute for individualized antiarrhythmic thera-
py. Nevertheless, unsatisfactory results from the CAST and the SWORD trials
prompted a careful reevaluation of antiarrhythmic drugs post-AMI. Therefore, in
the clinical practice it could be useful to consider the potential electrophysiologi-
cal effects of other drugs that are not traditionally seen as antiarrhythmic. Hence,
in post-AMI subjects it is important to prevent and correct any electrolyte imbal-
ance (especially hypokalemia and hypomagnesemia in high-risk patients), to pre-
serve the jeopardized myocardium as much as possible with fibrinolytic agents,
and to extend the use of B-blockers and ACE inhibitors that may antagonize the
complex and even proarrhythmic outcome of the neurohormonal activation in a
positive way.
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How to Treat High-Risk Post Myocardial Infarction Patients
Based on MADIT and Other Recent Trials

S. SAKSENA AND I. GIORGBERIDZE

Noninvasive tests for risk assessment and empiric selection of drug therapy have
long been used in managing high-risk patients after myocardial infarction. Risk
stratification using ventricular function is effective in predicting overall survival
but less valuable with respect to defining sudden cardiac death risk [1, 2]. Newer
approaches such as heart rate variability, while promising, are yet to be widely
evaluated in clinical practice [3]. Empiric drug therapy is less attractive. Therapy
with class 3 antiarrhythmic agents after myocardial infarction in high risk
patients has been abandoned due to unfavorable clinical studies. Only 3-blocking
agents remain of proven benefit; but patient acceptance, compliance and toler-
ance are problematic. Less than 50% of patients actually receive such agents in
clinical trials. In patients with depressed ventricular function, better acceptance
exists for angiotensin-converting enzyme inhibitors [3]. Yet, in a meta-analysis of
all ACE inhibitor trials, Garg and Yusuf noted the incidence of sudden death was
unaltered [4]. In the CHF-STAT study, there was 19% incidence of sudden death
at two years in the placebo arm despite such therapy [5]. Addition of amiodarone
has conferred no improvement [5-7]. In the same trial, it was 15% in patients
randomized to amiodarone at two years. In fact, after myocardial infarction, pro-
phylactic amiodarone may or may not have shown arrhythmic death reduction
but did not improve overall survival [8]. This suggests, yet again, that only the
mode of death was altered. Based on these unsuccessful strategies, it has been
suggested that risk stratification and treatment by whatever method chosen,
noninvasive or invasive and pharmacologic or nonpharmacologic respectively,
will fail to establish a reasonable balance between patients submitted to the
screening, evaluation and treatment algorithm and the additional mortality ben-
efit conferred by the strategy [9].

The MADIT Strategy

Before accepting this premise, we can recognize two central issues. Firstly, can we
reliably identify patients at high risk of sudden death without excessive additional
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screening? Initially, we need to select a high risk population by noninvasive
screening based on prospective criteria and subsequently, enrich the risk in this
population by using laboratory tests for risk stratification. MADIT proposed a
combination of noninvasive criteria for screening and invasive testing for stratifi-
cation [10]. Two or more nonsustained ventricular tachycardia (VT) runs have
been shown to have a modest sensitivity (42%) but a high specificity (> 90%) for
sudden death risk [11]. Combining this with ventricular dysfunction of moderate
to high degree adds the strong predictive capability of left ventricular ejection
fraction to increase the mortality risk. In the heart failure population, each of
these variables was an independent and major predictor of mortality [12].

The use of electrophysiologic testing after myocardial infarction to identify
patients at risk for arrhythmic events has been widely debated since its introduc-
tion [13]. Interestingly, much of the testing performed in these early, inconsistent
studies occurred in the acute or subacute period after infarction. More recently,
electrophysiologic testing in the chronic infarction period in patients with ven-
tricular dysfunction has revealed more concordant results. lesaka et al. noted a
high arrhythmic event rate in a population with myocardial infarction of > 30
days duration and inducible sustained monomorphic VT. This was particularly
true in patients with an ejection fraction < 40% and approximated 30% at one
year of follow-up [14]. The same group noted that induced arrhythmia varied
based on the time interval after myocardial infarction. However, it has been
argued that risk stratification including routine electrophysiologic testing after
myocardial infarction requires routine testing of many more patients than lives
saved, with the best ratios being estimated at 30:1 [9].

Such commentary does not address a significant body of literature that sug-
gests that patients with nonsustained VT and left ventricular dysfunction can
have more favorable ratios. Wilber et al. reported a 50% mortality in coronary
patients with inducible sustained VT at two years with a screened population to
arrhythmic death ratio of approximately 13:1 [15]. In progressing from class 1 to
class 2 and 3 heart failure, SOLVD patients encountered a marked increase in
total annual mortality from 4% to 8% and 30% respectively with one half being
arrhythmic death. Class 2 and 3 patients who comprised the MADIT cohort can
be anticipated to have an annual sudden death risk of 12% to 15%.

Nonsuppressible arrhythmia after type 1 drug challenge in the MADIT popula-
tion was a further effort to enhance risk event rates in the study and the success of
the MADIT strategy can be judged from the need for implantable cardioverter-
defibrillator (ICD) therapy [16]. Thirty-nine percent of patients had shocks for
tachyarrhythmias classified as VT/ventricular fibrillation (VF) based on clinical
parameters within one year in the defibrillator arm with 60% doing so at two years.
Shocks may, of course, occur for rhythms other than VI/VF and stored electrogram
data may be critical in this regard. It is estimated 0% to 21% of patients with ICDs
have shocks only due to cardiac rhythms other than VI/VE Thus, even discounting
the MADIT data by such a figure, shock event rates in MADIT patients are clearly
consistent with the VI/VF event rates seen in prior studies on chronic infarction
patients with ventricular dysfunction stratified by electrophysiologic studies [14].
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Selecting Therapy: The Increasing Role of ICD

In the MADIT data, sudden death was minimized in the defibrillator arm and this
accounted for the survival benefit. A small difference in non-sudden cardiac
death seen in the two groups was not critical to the outcome. Another issue raised
is whether the events shocked would result in patient death or even serious symp-
toms. MADIT devices were largely first and second generation ICDs with long
charge and detection times. Most VT/VF episodes of >15 seconds duration
become sustained though a few may not do so [17]. Whether this intervention of
shock therapy aborted a mortal event is best answered by the marked (approxi-
mately 77 %) relative reduction in sudden death events in the defibrillator arm of
the MADIT study.

Another potential concern with recommending ICD use as primary therapy is
that the defibrillator arm of MADIT has shown better outcome due to a proar-
rhythmic process in the comparison drug therapy arm [18]. In the conventional
therapy arm, the average annual mortality over five years was 15%. The SOLVD
study showed an annual mortality estimated at 30% for class 3 heart failure
patients and 8% for class 2 heart failure. Reviewing the balance of class 1,2 and 3
patients in MADIT, this would give an estimated annual mortality of 14% for the
conventional therapy group, not distinguishable from the observed data in
MADIT.

Finally, our comments on ICD benefits are consistent with the results of stud-
ies in patients with serious symptomatic ventricular arrhythmias including the
recently released results of randomized trials (the Netherlands cooperative study,
CASH, and recently AVID). All of these trials prematurely terminated one or all
arms of the study. In all these trials, the defibillator recipients have had a uni-
formly superior survival outcome to one or more of the drug treated patients
including those on amiodarone therapy [19-21]. In the AVID study, the relative
risk reduction was 28% to 35% over the first three years.

Prospective Application of the MADIT Strategy

What is the denominator for the patients entering MADIT and what happened to
those who did not enter the study? Our group, concurrently with entering
patients in the MADIT study, conducted a prospective six-year study of all (n =
111) coronary patients with nonsustained VT and minimal, moderate and severe
left ventricular dysfunction seen by our service [22]. Fifty-seven (51%) patients
had potential minimal arrhythmia related symtpoms. In this project, all patients
underwent ambulatory ECG monitoring, assessment of ventricular function, sig-
nal-averaged electrocardiography, and electrophysiologic testing. Inducible sus-
tained VT was elicited in 35% of all patients with only one of four being drug
suppressed at type 1 drug testing. Based on available data, this would predict at
least 23% two-year mortality for the entire screened population [15,23]. Our data
also suggest significant enrichment, with at least doubling of sudden death risk
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by electrophysiologic testing in the inducible VT population with screened
patients to lives saved ratio of 8:1.

Sudden death was eliminated in the inducible patients by ICD or guided drug
therapy with a similar overall survival to the noninducible group, despite a some-
what poorer clinical disease profile. However, in the noninducible group, a signifi-
cant incidence of sudden death occurred in the subgroup (17% of all patients)
with advanced left ventricular dysfunction. This risk is estimated at 30% over five
years. These patients received class 3 (largely amiodarone) therapy [24]. The
overall concomitant survival of this group is under 65%.

The benefits of ICD therapy in these high risk coronary patients with and
without inducible VT can be inferred from our study and the MADIT data. There
is <5% risk of sudden death with a 70% survival in ICD recipients at five years.
Additional benefit may accrue if cardioverter-defibrillators are used in the high
risk subgroup of patients with no inducible VT instead of class 3 drugs. There are
presently limited data suggesting a proarrhythmic effect of amiodarone account-
ing for this sudden death risk. It would seem unlikely that this could account for
the majority of the observed sudden death in this cohort. Even if 50% of the risk
is due to tachyarrhythmia as suggested by others, [25] this would increase the
overall population at risk for sudden death by at least 28%.

ICD therapy can be used in patients with inducible VT as well as patients with
severe left ventricular dysfunction and no inducible VT. This combination consti-
tuted 24% of our study population with nonsustained VT and coronary disease.
Assuming that a cardioverter-defibrillator affords 90% protection against sudden
death at five years and a 1% implant mortality risk (implant and proarrhythmia),
testing of 100 patients could potentially save 16 additional lives as compared to
conventional drug therapy. Presence of more than one myocardial infarction and
diabetes mellitus were shown in a multivariate analysis of MADIT data to predict
further increased hazard ratios (2.5 to 10:1) for tachyarrhythmic events and ICD
shock delivery [16]. Thus, it is conceivable that such clinical parameters can fur-
ther refine the population admitted to invasive testing and this could improve the
yield ratios for invasive testing beyond 8:1. It is also clearly conceivable that
future studies could evolve noninvasive indices that would provide similar yields
to invasive studies [3]. This hypothesis is clearly now suitable for testing in
prospective clinical studies. Nevertheless, the basic strategy for the immediate
future in addressing the enormous problem of sudden cardiac death, remains to
identify the patient at risk for arrhythmic death without limiting the benefit by
other competing mortalities. In this regard, advanced class 3 heart failure may
need further stratification for nonarrhythmic mortality risk [26].

Conclusions

The present exercise illustrates the new directions in screening, stratification and
therapy of patients with nonsustained VT that may evolve with the MADIT strat-
egy and further prospective trials. It may well be that noninvasive criteria for
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screening and stratification will be supplemented by invasive testing in select
subgroups. Maximal antiarrhythmic protection, currently afforded only by ICD
devices but hopefully matched in the future by other therapeutic options, can
help to hasten the demise of the contention that antiarrhythmic interventions
alter the mode of death without prolonging patient survival. In any case, manage-
ment of coronary patients with nonsustained VT has been irrevocably changed
by MADIT and other studies.
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IMPLANTABLE CARDIOVERTER DEFIBRILLATOR:
CLINICAL ISSUES AND NEW INDICATIONS



Which Patients with ICD May Really Benefit from DDD Pacing,
and Which Won't?

A.S. MONTENERO, T. SANNA, G. PELARGONIO, F. BELLOCCI AND P. ZECCHI

Introduction

The efficacy of implantable cardioverter-defibrillators (ICD) in preventing sudden
death has been shown by several trials. Nonetheless two functions need to be
improved: (1) the identification of arrhythmias other than VF (supraventricular
or ventricular fibrillation) in order to reduce inappropiate shocks, (2) the quality
of cardiac pacing. Dual-chamber pacing should be the stimulation method of
choice in patients with depressed sinus node function, or in those who are pace-
maker dependent, when effective atrial pacing and sensing can be achieved. In
contrast, patients with an implatable cardioverter defibrillator (ICD) who also
need antibradycardia pacing, can currently receive only fixed rate ventricular pac-
ing, even though most of them have depressed sinus node function. Furthermore,
positive hemodynamic effects of atrioventricular sequential pacing in patients
with left ventricular dysfunction have been described so far [1, 2]. In fact the
preservation of atrioventricular synchronization can result in a positive effect on
the morbility and perhaps on the mortality of pacemaker dependent patients [1].

Reasons for Pacing in ICD Patients

A need for antibradycardia pacing other than that required after defibrillation
can be related to: (1) the presence of some conventional pacemaker indications
at the time of ICD implant, (2) a permanent pacemaker already implanted before
the ICD implant, (3) persistent bradycardia, whether or not related to AARx
(Anti-Arrhythmic Therapy) at the time of ICD implant.

Pacing and ICD Patients

In patients with a previously implanted DDD pacemaker and those with some
degree of AV block, DDD pacing (or VDD, depending on the sinus node func-
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tion), would be more adequate than VVI pacing. Moreover in patients with per-
sistent bradycardia or some degree of sinus node dysfunction (sick sinus syn-
drome), subsequent VVI pacing results in mild to moderate pacemaker syndrome
which requires the programming of a ventricular rate lower than the sponta-
neous sinus cycle length.

Currently pectoral transvenous nonthoracotomy cardioverter defibrillators
only offer VVI pacing and when a dual-chamber stimulation is indicated, a per-
manent transvenous DDD pacemaker insertion is required, either before or after
ICD implantation. In case of need for both devices, adverse interactions between
the two systems can occur: they include pacemaker non-capture, undersensing,
transient inhibition after ICD discharge as well as ICD oversensing or failure to
detect VF [2, 3]. In particular Geiger recently reported interaction in 38% of
patients who where implanted with both devices, despite careful lead implanta-
tion, bipolar pacing and extensive testing [4]. Furthermore this author described
a potentially significant interaction, not previously reported, that consisted of a
rise in DFT (Defibrillation threshold) following pacemaker implantation which
might result in a suboptimal therapy for VF. Since the upcoming generation of
ICD can also offer dual-chamber pacing, but with no more expensive cost and
larger size, it would be important to make an appropriate selection of which kind
of patients can require a DDDICD.

Selection of Candidates for DDDICD

To identify patients who require dual-chamber stimulation at the time of ICD
implantation would be by now of permanent importance for improving their
quality of life. Most of these patients can be easily identified on the basis either of
a previous electrophysiological study or of a Holter recording, even if a simple
surface ECG can sometimes show the presence of conduction disturbance of per-
sistent bradycardia. Moreover some ICD patients require additional pharmaco-
logical therapy, for frequent episodes of VT, that can determine persistent brady-
cardia, despite normal sinus function in basal condition. Thus it would be rea-
sonable to select patients also on the basis of both the number of the expected
episodes of VT and the need for potentially bradycardia - inducing pharmacolog-
ical treatment.

Prevention of atrial fibrillation still remains an issue in patients implanted
wth ICD to avoid inappropriate shock and to improve hemodynamics. Initially
performed primarily for bradycardia dependent atrial fibrillation with good
results, more recent data show benefits of atrial pacing in the absence of primary
bradyarrhythmia disorder.

Dual-chamber ICD permits atrial pacing without the need for another gener-
ator or other leads, making prevention of atrial fibrillation more feasible in ICD
patients. Thus, it would be reasonable to provide prospective data on this issue.
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LV Function and DDD Pacing

Atrioventricular synchronous pacing represents a clinical benefit for patients
with an already depressed left ventricular function.

The increasing interest in the beneficial effects of cardiac pacing in patients
with depressed left ventricular function deserves further comments. In fact,
although limited, the experience with DDD pacing in dilated cardiomyopathy is
promising, at least in selected patients.

Dual-chamber pacing with an optimal or short AV delay has been shown to
improve symptoms and to decrease need for further hospitalization due to wors-
ening of heart failure, but there is no current evidence of a higher survival rate
with this treatment [5].

Nonetheless, atrioventricular pacing may improve hemodynamics in patients
with compromised left ventricular function and may also decrease episodes of
atrial fibrillation due to atrial overload. An improvement, during DDD pacing, of
echocardiographically derived cardiac index by 36% and 50%, respectively, and a
significant increase in exercise capacity has been recently demonstrated in two
patients implanted with DDDICD [5]. In view of well known coexistence of mod-
erate and severe left ventricular dysfunction in ICD patients, the availability of
atrial pacing could benefit hemodynamics and survival.

Arrhythmia Detection and DDDICD

Antitachycardia pacing (ATP) is a reliable technique to treat ventricular tachycar-
dia (VT) and this function is frequently activated in the last generation ICD to
reduce the need for shocks. Although efficacious, the use of ATP is often limited;
in fact slower VT often cannot be distinguished from some types of supraventric-
ular arrhythmias or from sinus bradycardia solely on the basis of the sensed ven-
tricular electrogram.

Thus inappropriate shocks for supraventricular arrhythmias are known to
occur in up to 20% of all patients and in 25% of those with history of atrial fibril-
lation [6]. Various methods have been proposed to overcome this problem while
still remaining in a single-chamber ventricular architecture.

In the third generation of ICD, ventricular intervals or signal morphology
have been used to classify tachycardias: rate, RR stability, sudden onset, R wave
with wide morphology. These criteria increased sensitivity for monomorphic
ventricular tachycardia (VT), nonetheless many supraventricular tachycardias,
mainly atrial fibrillation, still are identified as V'T. The recent introduction of
dual-chamber ICD has extended the capabilities of ICD technology in arrhythmia
detection. These devices now independently sense in the atrium and ventricle and
use sensing algorithms relating both signals to diagnose supraventricular and
ventricular tachyarrhythmias. They permit several patterns of shock to reset
supraventricular or ventricular arrhythmias or both arrhythmias simultaneously.
Only one clinical experience has been reported for DDD ICD at this time [7]. The
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DEFENDER 9001 ICD has been the first implanted device which includes atrial
based criteria to reject SVT from therapy (PARAD™),

Seventy patients received a DEFENDER 9001 and were eligible for the follow-
up of 8.5 + 7 months. Although PARAD™ resulted in a high specificity in detect-
ing atrial tachycardias, inappropriate shocks were still observed on AF at the
nominal VT persistence program [7]. Thus a new PARAD+™ has been designed
and it is reasonable to hope that sensitivity and specificity on supraventricular
arrhythmias detection will improve. Preliminary data from PARAD+ simulation
are encouraging, althought limited by (a) the small number of patients, (b) short
episode duration, (c) lack of onset of the induced arrhythmias, and (d) lack of
therapy delivery.

However a dual-chamber arrhythmia diagnosis algorithm that incorporates
both temporal and morphological criteria outperforms a ventricular rate-only
algorithm.

Future generation of ICD should incorporate information from both cardiac
chambers into arrhythmia detection algorithms so that safety and efficacy of the
electrical therapy can be improved.

Conclusion

More than 15 years of research and development have produced devices which
combine complex diagnostic with therapeutic parameters and capabilities. The
recent introduction of DDD ICD has improved ICD technology in both arrhythmia
detection and treatment. Prevention of inappropriate shocks is mandatory and this
is larger a matter of the overall population of patients implanted with an ICD.
Moreover, patients with poor left ventricular function, or persistent bradycardia
can represent a group in which DDDICD further improves the clinical outcome.
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Can Alternative Pacing Therapy Solve the Problem of Heart
Failure Death in ICD Patients?

A. AURICCHIO AND H. KLEIN

The automatic implantable cardioverter-defibrillator (ICD) was originally con-
ceived by Mirowski [1] as a device for detecting and terminating potentially
lethal ventricular tachyarrhythmias. There is general agreement that the device
has demonstrated its ability to significantly reduce the incidence of sudden car-
diac death [2, 3], which has been definitively demonstrated by important
prospective studies like MADIT and AVID [4]. This has resolved the question of
whether the ICD is able to reduce overall mortality [5]. Nevertheless cardiac
mortality remains 15% to 20% at 2 years in ICD patients [6,7].

It is obvious that the mortality benefit of ICD, despite significant reduction
of sudden tachyarrhythmic death, is limited by the extent of left ventricular dys-
function. In addition to the problem of ventricular dysfuntion treatment, preven-
tion of ischemia is also extremely important [4]. Heart failure and ventricular
tachyarrhythmias are “fellow travelers” as demonstrated by the fact that the vast
majority of patients who receive ICDs have at least a moderate degree of left ven-
tricular dysfunction.

By virtue of marked reduction in sudden death attributable to ICD treatment
most patients will live long enough to experience “late conversion” of their mode
of death. This “unnatural history” is a reflection of advances in prevention of
sudden death and better treatment of heart failure thus altering the mode of
death. The concept of “late conversion” of the modality of death is substantially
different from that referred to by other investigators as an explanation of failure
of the ICD to reduce total mortality. The limitation of the concept of “conversion”
as originally expressed by Kim [8, 9] is that one considers the patient at the time
when ventricular arrhythmias predict imminent death due to end-stage heart
failure. Measured at this point in time, the “survival benefit” of the ICD would
appear small. However as demonstrated by Sweeney [10], a more dynamic long-
term process is present. A marked reduction in sudden death rate in the ICD
group in heart transplant candidates appears to be erased by higher nonsudden
death rates throughout follow-up. The net effect of reduced sudden death on total
mortality is thereby continously marginalized.

The results of Metha [11] and Sweeney [10], who subdivided ICDrecipients
into two subgroups based upon ejection fraction (LVEF 230% or <30%) and
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those who experienced at least one appropriate shock compared to those who
remained free of any arrhythmic event after ICD implantation, suggest that suc-
cessful termination of recurrent ventricular tachyarrhythmias by the ICD yields
the same outcome as with patients having a similar degree of left ventricular dys-
function but no recurrent tachyarrhythmias. These data are consistent with the
results of Levine [12] and Grimm [3] demonstrating that total cardiac mortality
remained significantly higher in the subgroup of patients with severely depressed
ventricular ejection fraction (< 30%), regardless of whether there were appropri-
ate ICD discharges or not.

In patients with severely impaired left ventricular function (LVEF < 25% to
30%) and advanced symptomatic congestive heart failure (NYHA III-IV) there is
no significant benefit of ICD despite in significant levels of sudden tachyarrhyth-
mic death. High incidence of non-sudden death is likely to be prohibitive, and
conversion of the mode of death by ICD from sudden to nonsudden death will
occur early, as recently reported by Sweeney [10].

The fact that overall mortality remains 30% to 40% at 5-year follow-up in var-
ious ICD subgroups with reduced LVEF (less than 30%-35%) and advanced func-
tional class (NYHA 2 II-III), despite tailored conventional drug therapy of heart
failure, indicates that there is a need for optimization of congestive heart failure
(CHF) treatment by alternative non-pharmacological approaches (Table 1).

Several non-pharmacological therapies have been proposed for the optimati-
zation of drug therapy in patients with congestive heart failure. Pacing therapy
has been recently described as a possible supportive option to best medical treat-
ment in patients with poor ventricular function and symptoms of severe conges-
tive heart failure [13, 14].

Hochleitner [14] first reported long-term beneficial effects of dual chamber
pacemaker therapy using short atrioventricular (AV) delay of 100ms in 16
patients with severe CHF (NYHA class IV), idiopathic dilated cardiomyopathy
and in whom conventional drug therapy had failed. A striking improvement in
heart failure symptoms could be achieved. This first non-randomized study, how-
ever, has several sources of bias in data interpretation and shortcomings. Yet, it
indicated that pacing therapy may be an option for improvement of heart failure.
Similarly, we have previously demonstrated significant clinical improvement in
patients with ischemic dilated cardiomyopathy in whom atrial sensed ventricular
stimulation (VDD) with shortened AV delay was performed [15]. Although other
pacing studies did not demonstrate significant changes either in hemodynamic
parameters or with functional status [15, 16], it is interesting to note that at least
some patients showed impressive improvement with dual-chamber pacemaker
implantation using shortened AV delay [17, 18]. More recently, Foster et al. [19]
and Bakker et al. [20], using an innovative approach of simultaneous right and
left ventricle stimulation (or biventricular pacing), have shown dramatic hemo-
dynamic as well as clinical improvement with acute testing and short-term fol-
low-up, respectively. The non-uniform benefit data of a conventional dual-cham-
ber pacemaker therapy or of biventricular stimulation in patients with congestive
heart failure can be explained in many ways: the use of different pacing modali-
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ties, the fact that no single mechanism or abnormality is postulated in patients
with advanced CHF, and also that there exists a complex relationship between
electrical and mechanical effects produced by pacing.

The chronic end-diastolic volume and pressure overloading causes alteration
of atrioventricular valve competence and atrial dysfunction. This reduces the fill-
ing time which in turn reduces stroke volume. Elongation of cardiac myocytes
and disarrangements of the extracellular matrix may be the predominant contri-
bution to heart failure in certain clinical entities; loss in myocytes which results
in fibrosis may also contribute to alteration in the rearrangement of both special-
ized as well as working myocardial cells resulting in conduction disturbances.
Conduction disturbances are then worsening the global and regional pump func-
tion. Electrocardiographic signs of these conduction defects are prolongation of
P-Q interval, P wave widening and bundle branch block abnormalities.

Appropriate pacing, therefore, can find its rationale for heart failure treatment
by interrupting the vicious cycle of failing. An indication for pacing in heart-fail-
ure patients may be found when there is a prolongation of the atrioventricular
delay, a reduction of the filling time and, finally, when the ventricular activation
sequence is changed.The potential impact of each of these mechanisms on the
improvement of cardiac function in patients with reduced ejection fraction and
symptoms of severe CHF has been recently discussed by us [21].

Intraventricular conduction defects frequently occur in patients with marked-
ly reduced ventricular function, and symptoms of moderate to severe heart fail-
ure with or without documented VT or VE. These conduction disturbances are
often left bundle branch blocks occurring in about 30% (Table 1). Left bundle
branch block seems to negatively affect the long-term prognosis of patients with
CHE. Cardiac death rate has been reported to parallel the width of the QRS com-
plex in patients with poor left ventricular function. The progression of global as
well as regional impairment of ventricular function determined by the left bun-
dle branch block could possibly be prevented by appropriately pacing either the
left ventricle or both ventricles simultaneously, thus reducing or eliminating large
intraventricular or interventricular conduction delays. In addition, the mechani-
cal asynchrony between the anterior portion and the posterolateral site of the left
ventricle, by means delaying the appropriate closure of both mitral valve leaflets,
causes an important backward gradient between the ventricle and the atrium.
The prevention of deleterious prolongation of mitral regurgitation time by
appropriate pacing technique could substantially reduce the mitral regurgitation,
thus determining a reduction of the ventricular chronic volume overload.

Conclusions

Various theoretical as well as clinical data indicate that improvements of CHF,
may be obtained in selected patients by modifying the atrioventricular delay
and/or eliminating ventricular asynchrony through the use of dual-chamber
sequential pacemaker therapy or chronic biventricular pacing.
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Since an important proportion of ICD candidates or patients who already
have ICDs present with conduction disturbances amenable toelectrical correc-
tion, it seems logical that the long-term prognosis of thissubset of ICD patients
will benefit by this approach. On the otherhand, many large multicenter studies in
patients with severe CHF whohave intraatrial/intraventricular conduction delays
also showed that theincidence of SCD despite optimized tailored therapy for CHF
stillremains significant.

Therefore, there is reason to believe that future electrical treatment of CHF
could be performed by complex devices capable of appropriate pacing as well as
backup cardioversion-defibrillation.

Randomized multicenter studies need to be undertaken in order to validate
the concept of “pacing for heart failure” combined with ICD therapy showing
benefit in terms of clinical symptoms, quality of life and measurable hemody-
namic improvement. There is no doubt, that this will also have a positive impact
on overall survival in these patients who have a poor outcome otherwise.
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Have MADIT and Recent Post Myocardial Infarction Amiodarone
Studies Changed the Classical Indications for ICD Implantation?

S.H. HOHNLOSER AND E. Bogun

Introduction

Sudden cardiac death still accounts for approximately 200 000 to 400 000 prema-
ture deaths in the USA [1] and thus continues to be a major challenge in today’s
cardiology. Within the last 12 months, several well controlled prospective studies
have been published concerning the value of prophylactic implantation of the
cardioverter-defibrillator (ICD) [2] and the administration of amiodarone to
improve survival of patients after myocardial infarction [3, 4]. For the practicing
cardiologist and even more so for the electrophysiologist, these trials pose the
question whether one of these studies, taken alone or combined, impact on cur-
rent indications for the implantation of the ICD. Therefore, it is the purpose of
this short review to summarize the main findings of these major trials and put
them into perspective with respect to our current therapy aiming at preventing
sudden cardiac death.

Accepted Indications for ICD Implantation

At present, guidelines for implantation of the ICD have been published by vari-
ous organizations and institutions on both sides of the Atlantic ocean [5, 6]. In
general terms, ICD implantation is considered as an accepted indication in
patients with one or more episodes of documented ventricular tachycardia or
fibrillation in whom no alternative therapy (i.e. electrophysiologically guided
antiarrhythmic drug therapy or surgery) has been found to be effective.
Similarly, spontaneous, recurrent ventricular tachycardia/fibrillation, despite the
best alternative therapy, is also considered as an accepted ICD indication. Prior
to the publication of MADIT [2], no data for the prophylactic use of an ICD were
available in patients without a preceding episode of sustained ventricular tachy-
cardia or fibrillation.
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MADIT: a Step Ahead

As reported in more detail elsewhere in this volume, MADIT is the first prospec-
tively designed trial concerning the use of ICD implantation in patients without a
history of sustained ventricular tachyarrhythmias. In essence, to be included in
this trial, patients with documented prior myocardial infarction, a left ventricular
ejection fraction of < 35% and asymptomatic nonsustained ventricular tachycar-
dia on Holter monitoring were screened for inducibility of sustained ventricular
tachyarrhythmias. If a sustained ventricular tachycardia or ventricular fibrillation
was reproducibly inducible but subsequently not suppressible by intravenous
procainamide, patients were randomized to receive an ICD (n = 95 patients) or
the best conventional therapy (n = 101 patients). The latter consisted of adminis-
tration of amiodarone in 74/93 cases (80%). After a mean follow-up of 27 months,
significantly less patients randomized to the ICD arm had died than in the con-
ventional arm (15 vs 39 patients; hazard ratio 0.46 (0.26-0.82); p = 0.009) [2]. This
led to the premature termination of the trial by the data safety and monitoring
board in March of 1996. In Table 1, the results of this study in terms of the prima-
ry endpoint, total mortality, are detailed. Despite this impressive result, several
issues have to be kept in mind when one tries to extrapolate the results of MADIT
to other patient populations. The patients enrolled in MADIT represent a highly
selected subgroup of post infarction survivors whose most important risk factor
is undoubtedly reflected by their inducibility at electrophysiological testing in the
setting of depressed LV function. On the other hand, MADIT appears to be not
the classical postinfarction study since three quarters of the patients were
enrolled in the trial more than 6 months after their index infarction [2], a time
window generally considered to represent the interval with the highest risk for
postinfarction survivors. The fact that no prospective registry of screened but not
included patients was kept makes it difficult to determine the denominator popu-
lation from which the MADIT patients have been selected. Moreover, there was a
difference concerning the proportion of patients treated with f3-blockers: only 6%
of the patients in the conventional group was receiving f3-blockers compared to

Table 1. Mortality in the MADIT study (from [2])

Cause of death Conventional therapy ICD therapy
(n = 101 patients) (n = 95 patients)
Cardiac cause 27 11
Primary arrhythmia 13 3
Nonarrhythmia 13 7
Uncertain 1 1
Noncardiac cause 6 4
Unknown cause 6 0

Total number of deaths 39 15
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31% in the ICD group. Although not independently related to primary outcome
endpoint, this appears to be an important point given the fact that amiodarone
seems to work particularly well when given simultaneously with B-blockers (see
below). Finally, the relatively small patient sample and the unexplained high
number of nonarrhythmic deaths as well as deaths from unknown cause in the
conventional arm (Table 1) are factors which have to be considered carefully.
Therefore, the results of this important study apply only to the specific patient
subset enrolled which has been estimated to represent at best 1% of all sur-
vivors of myocardial infarction [7]. Nevertheless, MADIT has told us that pro-
phylactic ICD implantation can result in improved survival in carefully selected
patients after myocardial infarction. For this selected patient cohort, but only
for this population, MADIT has therefore indeed changed our classical ICD
indications.

Impact of Recent Amiodarone Trials on ICD Indications

Most recently, two large-scale prospective trials have been published which evalu-
ated the efficacy of amiodarone in post infarction survivors: the EMIAT [3] and
the CAMIAT [4] studies. In Table 2, the most pertinent features of both these tri-

Table 2. Study characteristics and main findings of the EMIAT and CAMIAT post infarction
amiodarone studies (from [3] and [4])

EMIAT CAMIAT
Inclusion window post MI  5-21 days 6-45 days
Inclusion criteria LVEF < 40% >10VPBs/horns VT
Primary endpoint All-cause mortality Arrhythmic death plus
resuscitated VF
Patients 1486: 743 placebo 1202: 596 placebo
743 amiodarone 606 amiodarone
Follow-up period 21 months (mean) 1.79 years (mean)
Main findings
Primary endpoint No difference in all-cause Arrhythmic death + resus.
mortality? VF: 48.5% risk reduction by
amiodarone (p = 0.029)
Secondary endpoint 35% risk reduction in No difference in all-cause

arrhythmic death (p=0.05) mortality?

MI, myocardial infarction; LVEEF, left ventricular ejection fraction; ns VT, nonsustained
ventricular tachycardia; VF, ventricular fibrillation

Note that in neither study was there a significant amiodarone-associated improvement in
all-cause mortality



Have MADIT and Recent Post Myocardial Infarction Amiodarone Studies Changed the Classical .... 267

als are compared along with the main study findings. Perhaps the most important
difference concerns the various primary endpoints of these studies, namely total
mortality as applied in EMIAT and arrhythmic death/resuscitated ventricular fib-
rillation in CAMIAT. Most remarkable, all-cause mortality was not reduced by
amiodarone in both these trials when compared to the placebo group. There was,
however, a significant reduction in the primary endpoint of CAMIAT, the com-
posite of arrhythmic death and resuscitated VF [4]. Similarly, EMIAT demonstrat-
ed a significant reduction in arrhythmic death associated with the use of amio-
darone [3]. In both trials it was demonstrated that amiodarone was significantly
more effective in patients in whom B-blocker therapy was simultaneously admin-
istered [8, 9]. These retrospective analyses indicate that f-blockade may be neces-
sary for amiodarone to exert its antiarrhythmic and particularly its mortality
lowering effects, a finding which should also be taken into account when consid-
ering the results of MADIT (see above).

It appears noteworthy that neither EMIAT nor CAMIAT were statistically
powered to detect differences in all-cause mortality smaller than 33%. This was
the major reason that led these investigators to pool their results together with 11
previous studies comparing amiodarone to placebo. These so-called ATMA meta-
analysis (Amiodarone Trials Meta-Analysis) results were reported most recently
[10]. This meta-analysis comprised a total of 6553 patients, 5101 of whom were
enrolled in post infarction studies and 1452 in congestive heart failure trials. As
the main result of this retrospective statistical analysis, an odds ratio of 0.87 (95%
confidence intervals: 0.78-0.99; p = 0.03) in all-cause mortality associated with the
use of amiodarone could be demonstrated [10]. This 13% risk reduction in total
mortality was associated with a 29% risk reduction in arrhythmic death (p =
0.0003). Furthermore, the meta-analysis provided evidence for a similar efficacy of
amiodarone in patients with an LVEF of < 35% compared to those with an LVEF >
35%. When the findings of the individual studies and of the meta-analysis are
taken into consideration, it appears that these observations do not directly impact
on current ICD indications. On the other hand, these data do by no means support
the use of amiodarone in all survivors of myocardial infarction as primary preven-
tion of sudden or cardiac death. For the practicing clinician, amiodarone appears
to be a valuable drug for instance for patients who, after their infarct, are suffering
from symptomatic arrhythmias such as VPBs, couplets or runs, since none of the
major trials provide evidence that amiodarone administration is harmful. This is
clearly in variance with other studies such as the CAST or the SWORD trials [11-
13]. To risk stratify such patients further, the observations made by the MADIT
investigators indicate the use of electrophysiological testing. It is, however, impor-
tant to realize that this method of risk stratification has never been compared to
other noninvasive risk stratifiers such as heart rate variability [14], baroreflex sen-
sitivity [15], or T-wave alternans [15]. Thus, there is a need of further studies eval-
uating these different methods by direct comparison.
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Clinical Summary

MADIT is the first study to support the prophylactic use of the ICD in a well
defined subpopulation of coronary patients at high risk of sudden cardiac death.
Accordingly, the current ICD indications should be adjusted for this particular
patient population which appears to comprise only a minority of infarct sur-
vivors. Future studies should aim at evaluating the efficacy of the ICD in patients
subjected to noninvasive risk stratification soon after myocardial infarction.
Whereas the amiodarone studies have demonstrated the relative safety of its use
after myocardial infarction, individual studies failed to show benefit in terms of
reduction of all-cause mortality. These placebo-controlled studies obviously do
not directly impact on the use of the ICD. However, the prematurely terminated
AVID trial [14] which compared amiodarone therapy to the ICD in VT/VF sur-
vivors clearly demonstrated a survival benefit for those patients treated with the
ICD even when all-cause mortality was considered [15]. Accordingly, what can be
derived from the above described results is that it appears that the ICD should be
the preferred therapeutic approach in patients surviving an episode of ventricu-
lar tachycardia or fibrillation. AVID, therefore, supports the currently accepted
ICD indications with solid scientific data for the first time thereby clearly impact-
ing on device use in the future.
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What Have We Learned from the US Experience on the
Prophylactic Use of ICDs Following MADIT?

S.L. HIGGINS AND L. VOSHAGE-STAHL

Referred to as the “single most important arrhythmia study of the 90’s”, the
Multicenter Automatic Defibrillator Implantation Trial (MADIT) has had a pro-
found effect on the worldwide practice of cardiac electrophysiology [1]. While
the conclusions of the study recommend a dramatic change in therapy applica-
tion for selected high-risk asymptomatic patients, the actual implementation of
these recommendations has not been previously reported. We will review the
MADIT experience in the United States (U.S.), placing it in historical perspective,
in the first year since conclusion of the study.

Background

Initiated in 1990, the MADIT study was a randomized, multicenter trial compar-
ing conventional therapy, the majority of which comprised amiodarone use, with
a U.S. approved implantable cardioverter defibrillator (ICD). Details of the
prospective study design were published in 1991 [2]. Patients enrolled were free
of arrhythmia symptoms presenting with silent demonstration of nonsustained
ventricular tachycardia in the setting of a previous remote myocardial infarction
and LV dysfunction (EF 0.35). At screening electrophysiology study, patients were
inducible into sustained ventricular tachycardia or fibrillation not suppressible
with intravenous procainamide. Additional inclusion and exclusion criteria are
reviewed in the primary manuscript [1]. The Data and Safety Monitoring
Committee terminated the study on March 24, 1996 and the results were first pre-
sented on May 16, 1996 accompanied by international publicity. These results
revealed a 54% lower death rate in patients randomized to the ICD. The study
recommended that all patients who met the enrollment criteria receive a prophy-
lactic defibrillator, as was done for the conventional therapy group upon study
completion.

Several criticisms of the study surfaced [3]. These included cost implications,
proarrhythmia issues, and an admonition that the true MADIT patient is not
often seen in clinical practice. Each of these has been addressed in formal pre-

Regional Cardiac Arrhythmia Center, Scripps Memorial Hospital, La Jolla, USA and
CPI/Guidant, St. Paul, USA



What Have We Learned from the US Experience on the Prophylactic Use of ICDs Following MADIT? 271

sentations. The cost issues were recently summarized by Mushlin et al. where the
cost-benefit of ICD application to this patient subgroup was found to be less
expensive ($23 000-$27 000 per life-year saved) than many accepted conventional
treatments such as TB skin testing and dialysis [4, 5]. The cost-effectiveness of
ICD therapy has be<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>