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Preface

Sudden death is probably the greatest challenge facing modern cardiology today.
This is mainly due to the impact of its brusque appearance and the socioeconomic
implications. The incidende is presently decreasing somewhat, mainly due to the
decline in new cases of ischemic heart disease on one hand, and to better preven-
tion in risk patients on the other. Nevertheless, the figures are still high and
represent over 300.000 patients per year in the United States alone.

This book is an updating of the problem of sudden death from a multifactorial
standpoint. It includes not only electrophysiologic data but also covers aspects
ranging from epidemiology to prevention. Risk markers and triggering
mechanicsms of sudden death are reviewed, with special emphasis on the role of
electrical instability, ischemia and depressed ventricular function. The book
includes the contributions from many experts, often pioneers in their respective
fields.

It is our hope that the book serves as an updating for those cardiologist who are
not specialized in these subjects, but may also be of interest to the expert.

We wish to express our sincerest gratitude to the authors for sending in their
work so promptly, and also Kluwer Academic Publishers for their exactitude and
perfection in this edition.

Barcelona, September 1990 The Editors



List of contributors

J. ALMENDRAL
Servico de Cardiologia, Hospital Gral. ‘Gregorio Maraiién’, Madrid, Spain
Chapter 14 co-author: A. ARENAL

A. BAYES DE LUNA

Department of Cardiology, Hospital de la Santa Creu i Sant Pau, University of
Barcelona, Avda. San Antonio Maria Claret 167, Barcelona 08025, Spain

Chapter 1 co-authors: J. GUINDO, J. BARTOLUCCI, P. TORNER, M. DOMIN-
GUEZ and R. OTER

Chapter 13 co-authors: J. GUINDO, S. GARCIA-SANCHEZ, P. TORNER and R.
OTER

J.Th. BIGGER, Jr.

Arrhythmia Control Unit, Columbia-Presbyterian Medical Center, 630 West 168th
Street, New York, NY 10032 / 401 East 86th Street, New York, NY 10028, USA
Chapter 5

W.E. BODEN

Division of Cardiology, Department of Internal Medicine, Harper Hospital,
3990 John R. Street, Detroit, MI 48021, USA

Chapter 21: co-author: R.E. KLEIGER

G. BREITHARDT
Medizinische Klinik und Poliklinik, Innere Medizin C (Kardiologie, Angiologie),
Westfdlische Wilhelms-Universitdt, Albert-Schweitzer-Str. 33, D-4400 Miinster,

Germany
Chapter 19 co-authors: M. BORGGREFE and A. MARTINEZ-RUBIO

P. BRUGADA

Department of Cardiology, Academic Hospital, University of Limburg, P.O. Box
1918, 6201 BX Maastricht, The Netherlands

Chapter 17 co-authors: H. DE SWART, J.L.R. M. SMEETS and H.J.J WELLENS



xii List of contributors

R.W.F. CAMPBELL

Professor of Cardiology, University of Newcastle upon Tyne, Freeman Hospital,
Newcastle upon Tyne NE7 7DN, UK

Chapter 11

J. COSIN AGUILAR

Research Group Spanish Trail on Sudden Death, Hospital ‘La Fe’, Av de Cam-
panar 21, 46009 Valencia, Spain

Chapter 3

Ph. COUMEL
Hoépital Lariboisiére, 2 rue Ambroise-Paré, F-75475 Paris, France
Chapter 18 co-author: J.-P. DESCHAMPS

G. FONTAINE

Hopital Jean Rostand, 39-41 rue Jean Le Galleu, F-94200 Ivry, France

Chapter 16 co-authors: R. FRANK, J. TONET, I. ROUGIER, G. FARENQ, G.
LASCAULT and Y. GROSGOGEAT

F. FURLANELLO

Divisione di Cardiologia e Centro Aritmologico, Ospedale S. Chiara, 38100 Trento,
Italy

Chapter 9 co-authors: R. BETTINE, G. VERGARA, A. BERTOLDI, M. DEL
GRECO, G.B. DURANTE and L. FRISANCO

S. GARCIA-SANCHEZ

Department of Cardiology, Sant Pau Hospital, Research Foundation Santa Creu i
Sant Pau, Barcelona, Spain

Chapter 7 co-authors: J. GUINDO and A. BAYES DE LUNA

J. GUINDO

Departamento de Cardiologia, Hospital de la Santa Creu i Sant Pau, Universidad
Auténoma de Barcelona, Avda. San Antonio Maria Claret 167, Barcelona 08025,
Spain

Chapter 22 co-authors: A. BAYES DE LUNA, P. TORNER, J. BARTOLUCCI
and R. ESTIARTE

P.G. HUGENHOLTZ
Erasmus University, Rotterdam, The Netherlands
Chapter 23 co-author: JR.T.C. ROELANDT

JH.IP

Department of Medicine, Division of Cardiology, The Mount Sinai Medical Center,
One Gustave Levi Place, New York, NY 10029, USA

Chapter 4 co-author: V. FUSTER



List of contributors  xiii

H.E. KULBERTUS
Service de Cardiologie, CHU, Sart-Tilman B45, B-4000 Li¢ge-1, Belgium
Chapter 12

J.-F. LECLERCQ

Department of Cardiology, Hopital Lariboisiére, 2rue Ambroise-Paré, F-75475,
Paris, France

Chapter 10 co-author: Ph. COUMEL

A. MASERI

Sir John McMichael Professor of Cardiovascular Medicine, Royal Postgraduate
Medical School, Director of Cardiology, Hammersmith Hospital, Ducane Road,
London W12 ONN, UK

Chapter 8

AJ. MOSS

Heart Research Follow-up Program, University of Rochester Medical Center, Box
653, Rochester, NY 14642, USA

Chapter 2

F. NAVARRO-LOPEZ

Department of Cardiology and Coronary Care Unit, Hospital Clinico-University of
Barcelona, Barcelona, Spain

Chapter 20

P. PUECH
Department of Cardiology, Hospital Saint Eloi, Montpellier, France
Chapter 25

N. REHNQVIST

Department of Medicine, Karolinska Institutet, Danderyds Sjukhus, S-182 88
Danderyd, Sweden

Chapter 6

H.-J. TRAPPE

Department of Cardiology, Hannover Medical School, Konstanty-Gutschow-Str. 8,
D-3000 Hannover 61, Germany

Chapter 15 co-authors: H. KLEIN, G. FRANK, P. WENZLAFF and P.R.
LICHTLEN

H.J.J. WELLENS

Academic Hospital of Maastricht, University of Limburg, Annadal 1, 6214 PA
Maastricht, The Netherlands

Chapter 24 co-author: P. BRUGADA



1. Sudden cardiac death 1990: An update

A. BAYES DE LUNA, J. GUINDO, J. BARTOLUCCI, P. TORNER,
M. DOMINGUEZ and R. OTER

In most cases, over 80% in our experience (Figure 1) [1—4|, ambulatory
sudden death (ASD) is due to the onset of malignant ventricular arrhythmia.
In 50% of these, ventricular fibrillation (VF) preceded by classic ventricular
tachycardia (VT) is responsible for ASD. In the remaining cases of malignant
ventricular arrhythmia, VF is of abrupt onset or is preceded by “torsades de
pointes”. In the 20% not due to malignant ventricular arrhythmia, the cause
of ASD is bradyarrhythmia.

When the cause of sudden death is a bradyarrhythmia, the presence of
premature ventricular contractions (PVC) does not usually play an important
role, and ASD can often be attributed to a single mechanism (e.g., electrome-
chanical dissociation in the acute phase of myocardial infarction). In contrast,

Figure 1. Distribution of different causes of ambulatory sudden death recorded by Holter
electrocardiography. VT = Ventricular tachycardia; VF = Ventricular fibrillation; PrVF =
Primary ventricular fibrillation; T de P = Torsades de pointes.

A. Bayés de Luna et al. (eds.): Sudden Cardiac Death, 1-11.
© 1991 Kluwer Academic Publishers, Dordrecht.
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diverse factors intervene in the origin of malignant ventricular arrhythmia. It
is a multifactorial problem, many of whose components are fairly familiar to
us, but we do not know how the interaction between them triggers malignant
ventricular arrhythmia. In this chapter we will discuss ASD mainly due to
malignant ventricular arrhythmia.

In our opinion, a series of circumstances must coincide for sudden death
to occur, as shown in Figure 2 [5]. PVC are necessary because, at the last
moment, a PVC will trigger the malignant ventricular arrhythmia, indepen-
dently of whether there are many or few in Holter recordings. The impor-
tance of PVC in the genesis of ASD was first stressed by Lown [6] and later
confirmed by different studies [7—11], which have also shown that the
importance of PVC as a marker of ASD increases in the presence of other
factors.

A vulnerable myocardium, that is, an enhanced myocardial susceptibility
to ventricular fibrillation, must also be present [7—12]. Diverse conditions
can make a myocardium vulnerable: postinfarction scar, dilatation or
ventricular hypertrophy, presence of an anomalous conduction pathway or
prolonged repolarization, etc.

However, many patients after myocardial infarction, or with cardiomyopathy,
arterial hypertension, Wolff-Parkinson-White syndrome or other abnormal-
ities live for a long time, sometimes years, with a vulnerable myocardium and
numerous, sometimes frequent, PVC, without presenting sudden death. For
this event to take place, one or more additional modulating factors must act
in a patient who presents these special conditions (PVC + vulnerable
myocardium). These factors are (Figure 2):

1) alterations of the autonomic nervous system;
2) physical and/or psychic stress;
3) ischemic episodes;

PVC
MODULATING + MALIGNANT VENT.
FACTORS ARRHYTHMIAS
+ ANS alterations
+ Physical and/or
psychic stress VULNERABLE
- Ionic and/or MYOCARDIUM
metabolic
changes + Previous MI
+ Ischemia - dLVF
- LVH

Figure 2. Physiopathology of malignant ventricular arrhythmias and sudden death in patients
after myocardial infarction. PVC = Premature ventricular contractions; ANS = Autonomic
nervous system; MI = Myocardial infarction; LVF = Left ventricular function; LVH = Left
ventricular hypertrophy.
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4) ionic and/or metabolic imbalance;
5) production of a rapid arrhythmia.

Often, as in the case of acute coronary insufficiency, decompensated cor
pulmonale, electrolyte imbalance, ischemia, or ionic and/or metabolic
disorders may also be responsible for the presentation of PVC or their
increase and for producing or enhancing myocardial vulnerability.

We shall discuss the relative importance of these factors.

Importance of PVC

The presence of PVC in the ECG at rest in post-myocardial infarction
patients almost doubles the risk of sudden death at 3 years (21% vs. 12%).
More than 15 years ago, Lown and Wolf [6] established criteria for life-
threatening PVC based on their number and characteristics. For these
authors, the threshold between occasional and frequent PVC is 30 per hour.
More recently, several authors [13, 14] have suggested that this threshold is
lower; Bigger [15] has established between 1 and 10 per hour (Figure 3). The
Lown scale, which is widely accepted, classifies levels of risk. Accordingly,
the frequency of PVC is relatively unimportant (representing grades 1 and 2
of the scale), but the so-called complexity characteristic of PVC is more
significant (multiform — grade 3, repetitive — grade 4, or R on T
phenomena, which merits the maximum score — grade 5). Accordingly,
patients with heart disease and frequent PVC have a 4-year mortality of 15—
20% as compared to 30% for Lown types 4 and 5. The mortality of these
patients without PVC would be about 10%.

Bigger and Weld [14] insist that there are important limitations in the

Figure 3. Mortality rate plotted against the incidence of ventricular premature impulses (VPI).
When the number of PVC rises from 1 to 10 per hour the mortality increases appreciably
(adapted from JT Bigger [13]).
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Lown scale. Mortality varies widely for the same Lown criterion because it is
also conditioned by other variables. For example, in the case of R on T type
PVC, if this is the only complexity character found, the risk of mortality is
eight times lower than if all four complexity criteria were present
(polymorphism, couplets, runs and R on T), and six times lower than if
couplets or runs of ventricular tachycardia were associated to R on T. On the
other hand, the same Lown criteria (4a, 4b or 5) reflect a much more
threatening situation when there are more than 10 PVC per hour. Bigger et
al. [13] affirm that mortality in the first year after infarction is higher in
patients with PVC > 10/hr or repetitive forms than in those who present R
on T phenomena or polymorphism (Table 1). Anderson [16] also found a
more elevated mortality rate — more than double — in patients with
ventricular tachycardia, but these figures were not statistically significant.

The papers of Ruberman et al. [7] and others [8—10] have also stressed
the independent importance of PVC as a marker for global and sudden
death, although emphasizing that the risk is greater in the presence of
abnormal left ventricular function. It has recently been demonstrated in the
BHAT Study Group [17] that patients receiving placebo who present PVC
have a worse prognosis. Nevertheless it appears that in 1990 the mortality
rate of postmyocardial infarction patients in decreasing considerably due to
different reasons.

Importance of vulnerable myocardium

For PVC to trigger a malignant ventricular arrhythmia under the influence of
a certain modulanting factor, the presence of a vulnerable myocardium is
required. This means that the myocardium must have a lower than normal
fibrillation threshold or a greater capacity for generating sustained ven-
tricular tachycardia. On the other hand, postinfarction scars make the
myocardium vulnerable because they facilitate the appearance of sustained
ventricular tachycardia due to re-entry.

Ventricular function has important prognostic implications, because

Table 1. Relationship of complex PVC features to one year cardiac death after myocardial
infarction (n = 430). (From Bigger et al. [8]).

Patients Mortality
Characteristics No. % No. %
PVCs 2 10/hr 111 26 30 27
Multiform PVCs 224 52 42 19
Couplets 129 30 36 28
Ventricular tachycardia 50 12 19 38

RonT 130 30 28 22
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depressed function also makes the myocardium vulnerable. In effect, aside
from the PVC characteristics just commented, which are an independent
factor that partially conditions the prognosis of patients with heart disease,
particularly postinfarction patients, the prognosis is also known to be
independently related to ventricular function, as evaluated by clinical pro-
cedures (presence of the 3rd heart sound or ventricular failure, for example)
or by ejection fraction. Recent multicentric studies have established that the
ejection fraction is an independent marker of total and cardiac sudden death
[9, 10], but the combination of characteristic PVC and left ventricular
function provides additional prognostic information. As such, patients with a
low ejection fraction (less than 40—50%) and frequent PVC (3—10 per
hour), or repetitive PVC, have a higher incidence of sudden death and
mortality. Recently [12] it has been suggested that an ejection fraction of less
than 45% in postinfarction patients, used as the sole criterion, is more
sensitive (62% vs. 39%) but less specific (64% vs. 84%) for total 1-year
cardiac mortality than an ejection fraction of 45% plus complex PVC.
According to these authors, the ejection fraction alone is more useful than
combined criteria in stratifying postinfarction patients.

Other circumstances can contribute to the myocardium becoming vulner-
able. One of them is left ventricular enlargement, which accounts for the
myocardial vulnerability of patients with hypertension, cardiomyopathy,
valvular disease and some of those with coronary disease [18]. In patients
with hypertrophic cardiomyopathy, vulnerability can also be conditioned by
the special disposition of the myocardial fibers [19].

In patients with Wolff-Parkinson-White syndrome, the myocardium is
vulnerable due to the presence of anomalous conduction pathways. In these
cases atrial fibrillation can conduct many atrial impulses to the ventricles.
The risk is that a very early atrial impulse can reach the ventricular
myocardium, in the vulnerable phase, and trigger malignant ventricular
arrhythmia, specially in the presence of heart disease or atrial fibrillation with
very rapid ventricular conduction (modulating factors) [20—21].

The case of long QT syndrome is similar; prolonged and irregular
repolarization (vulnerable myocardium) facilitates the appearance of
malignant ventricular arrhythmias, particularly in patients with physical or
psychic stress (modulating factors) [22—24]. Finally, ionic and/or metabolic
alterations can act as modulating factors in the presence of vulnerable
myocardium (see below), but sometimes they can also make a normal
myocardium in a vulnerable one.

Importance of modulating factors

Alterations in the autonomic nervous system

It has been demonstrated that the heart rate often accelerates before the fatal
arrhythmia in patients who die suddenly. Leclerq et al. [25] have found a



6 A. Bayésde Luna et al.

statistically significant increase in sinus heart rate or the onset of a rapid
supraventricular arrhythmia in the hour before the fatal arrhythmia. This is
also observed in our review of 233 patients who died wearing a Holter
device [2]. On other occasions, the malignant ventricular arrhythmia seems to

Figure 4. (A) Percentage of patients with peaks of QTc greater than 500 ms; group A:
postmyocardial infarction patients with malignant ventricular arrhythmias; group B:
postmyocardial infarction patients without malignant ventricular arrhythmias; group C:
patients without heart disease. Note in group A there are more patients than in group B with
peaks of QTc greater than 500 ms (p < 0.03) and none in group C. (B) Percentage of peaks
of QTc greater than 500 ms in relation to the total hours of Holter monitoring. Patients from
group A presented more peaks of QTc greater than 500 ms than those in group B (p <
0.0001). Patients from group C did not present any peak of QTc above this value.
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be induced by a PVC that appears after a long pause generated by a previous
PVC|26].

There is evidence that other parameters that are modulated by the
autonomic nervous system, such as the variability of the R-R interval and the
dynamic behaviour of the QT interval, also play a role in the onset of sudden
death. Kleiger et al. [27] have demonstrated that postinfarction patients with
scant R-R interval variability have a worse prognosis, and we [28] have
observed that postinfarction patients who present malignant ventricular
arrhythmias have more QTc peaks over 500 ms on 24-hour recordings
(Figure 4).

Other modulating factors

There is no doubt that in certain circumstances physical effort and psychic
stress are factors that induce malignant ventricular arrhythmia. This occurs
frequently in patients with long QT syndrome [24], but it has also been seen
in coronary patients and in other heart diseases (Figure 5). Nor should we
overlook the cases of athletes who die suddenly, frequently in relation to
their athletic activity [29].

The direct relationship between ischemia and sudden death is not clear,
although it is certain that the incidence of sudden death is very high in the
acute phase of myocardial infarction [30] and that, experimentally, acute
prolonged ischemia provokes the appearance of malignant ventricular
arrhythmias [31—32]. However, outside these situations of prolonged and
intense ischemia, the relationship between ischemia (angina and silent) and
sudden death is less evident, and there are arguments for and against this. We

Figure 5. Induction of bidirectional ventricular tachycardia during a psychological stress test
(B) and hours later on recounting the test to friends (C). (A) Basal recording. (D) Post-stress
recording.
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will comment on some of these. In some isolated cases there is evidence of a
direct link between crises of angina or silent ischemia and sudden death [33].
Nevertheless, malignant ventricular arrhythmia rarely occurs during attacks
of variant angina [34], even though PVC are often originated and despite
marked ST elevation [34] (Figure 6). This is probably due to the fact that the
ischemia, although severe, in these circumstances is not prolonged.

Figure 6. Sequence of an attack of Prinzmetal angina with the appearance of ventricular
tachycardia runs at the moment of maximum ST elevation.

It is also evident that the presence of a positive effort test, with or without
angina, after myocardial infarction is a marker of bad prognosis over the next
months [35], and it has been demonstrated that patients resuscitated from
out-of-hospital cardiac arrest have often a positive effort test [36].

Only 12.5% of the cases of ASD we have studied [1—4] showed evidence
of a new ischemic attack, as manifested by a change in the ST segment prior
to the fatal arrhythmia.

The relationship between the presence of silent ST depression on Holter
recordings and increased incidence of ventricular arrhythmias and sudden
death is not so evident [33, 37—40]. Neither Graboys [41] nor ourselves [42]
encountered in patients with silent ischemia an increase in PVC incidence in
episodes of asymptomatic ST depression on Holter recording, although the
ST depression in our study was not very intense. On the contrary, Rocco et
al. [43] have demonstrated in a group of patients with positive effort test that
complications (not including sudden death) appear more frequently in
patients who have asymptomatic ST depression on Holter recordings.

In our opinion, the problem of determining the true importance of
ischemia in ASD is still unresolved, particularly for silent ischemia detected
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by Holter ECG. It is difficult for us to explain why ST depression is seen so
often on the Holter recording without originating malignant ventricular
arrthythmias and, on the other hand, why these are frequently not accom-
panied by any previous depression of the ST segment.

Ionic and/or metabolic alterations can also play an important role in
inducing malignant ventricular arrhythmia, particularly of the “torsade de
pointes” type, whether produced by indiscriminate drug administration or
due to processes that originate ionic or metabolic imbalance (alcoholism,
kidney failure, cor pulmonale, etc.) [1—4].

Finally, the onset of a rapid tachyarrythmia can be an inductive factor,
both in postinfarction patients [2] and in the Wolff-Parkinson-White
syndrome (see above). In effect, in all the cases studied by P. Torner [20]
sudden death appeared as the consequence of ventricular fibrillation in the
course of rapid supraventricular tachycardia (39% atrial fibrillation and 9%
atrial glutter).

Using the algorithm in Figure 2 we can explain most, if not all, of the
situations that lead to sudden death due to ventricular tachyarrhythmia. In
each specific case, the characteristics of the PVC, vulnerable myocardium
and modulating factors can vary, but in any given case death is due to an
interaction of these three phenomena (PVC + vulnerable myocardium +
modulating factors) which induces malignant ventricular arrhythmia, the
immediate cause of more than 80% of cases of ASD. What we still do not
know is the exact contribution of each of these factors to the complex
phenomenon of ASD. Probably in the future we will be able to know which
patients are at risk of sudden death using a scale based on the clinical
evaluation of the patient and on the results of different non-invasive tech-
niques to study different parameters:

1) Holter ECG (arrhythmias, ST, QT, RR variability),

2) effort test (arrhythmias, ST),

3) late potentials,

4) left ventricular fraction (isotopic studies).

With all these data we will have a lot of information about the three
phenomena (PVC, vulnerable myocardium and modulating factors) that will
probably be very useful in stratifying patients at risk of sudden death. In fact,
some papers studying these different parameters have already been published
with encouraging results.
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2. Epidemiology of sudden cardiac death

ARTHUR J. MOSS

Epidemiology is the branch of medial science which deals with incidence,
distribution, and control of disease in a population. An epidemiologic
approach to the problem of sudden cardiac death should help identify risk
groups and risk factors responsible for the disorder, and it should provide
insight into the risk mechanisms. The knowledge gained from these popula-
tion and subgroup studies should provide the foundation for preventive
strategies. Epidemiologic data demonstrate that almost 50% of cardiac
deaths are sudden, and the annual incidence of sudden cardiac death is more
than 300,000 victims in the United States alone. Sudden cardiac death
almost always occurs in patients who have underlying heart disease, although
a large percentage of the sudden cardiac death occurs in individuals without
prior symptoms or signs of an underlying cardiac problem.

Although many chronologic definitions have been used to define the
suddenness of cardiac death, for the purposes of this review the 1-hour
definition will be utilized. The International Society of Cardiology and the
American Heart Association have proposed a 24-hour definition for sudden
cardiac death [1], but such a broad temporal definition decreases the percent-
age of patients with a cardiac cause of death. A 1-hour definition results in a
more homogeneous population, and it emphasizes the out-of-hospital occur-
rence of these sudden cardiac events. Sudden cardiac death also implies that
the terminal cardiac event is a primary arrhythmia. In over 90% of the cases
the electrical disorder is ventricular fibrillation.

In this review, the epidemiology of sudden cardiac death will be compared
and contrasted in children and adults. Three questions come to mind when
the problem is approached in this manner. First, what can we learn from the
pediatric experience where there is a preponderance of congenital cardiac
disorders responsible for sudden cardiac death? Secondly, is there a common
thread which links the occurrence of sudden cardiac death in children and
adults? And thirdly, are the fundamental cardiac risk factors similar or
different in these two populations?

A. Bayés de Luna et al. (eds.): Sudden Cardiac Death, 13-17.
© 1991 Kluwer Academic Publishers, Dordrecht.
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Sudden cardiac death in children

Epidemiologic studies of sudden cardiac death in children indicate that 75%
of the deaths occur in children with known cardiovascular disease who have
not had cardiac surgery, 15% in patients who have had prior cardiovascular
surgery for congenital or acquired abnormalities, but the death was unrelated
to the surgery, and 10% of the sudden cardiac deaths occur during the one-
month period following correction or palliation of complex cardiovascular
disorders [2]. Approximately 7% of sudden cardiac deaths are unexpected
and the children were thought to be well. However, post-mortem examina-
tions almost always uncover an unsuspected cardiac disorder. Approximately
half of the sudden cardiac deaths in children occur when the individual is
awake but not active, a quarter of the events occur during sports or athletic
activities, and a similar quarter of the events occur during sleep.

The pediatric cardiologist sees a different spectrum of causes of sudden
cardiac death, then does the general pediatric physician. For example, in a
recent report from a leading pediatric cardiology unit, unoperated and
operated congenital heart disease accounted for almost 75% of all sudden
cardiac death events [3]. The remaining 25% of sudden cardiac deaths
occurred in patients who had had a surgical palliation procedure for complex
congenital heart disease, acquired heart disease, the long QT syndrome, and
a miscellaneous spectrum of rare disease entities. In contrast, the general
pediatrician may observe in his practice over the course of many years a few
cases of sudden unexpected death in children who were thought to have been
well. An analysis of these unexpected events almost always includes hyper-
trophic obstructive cardiomyopathy, acute myocarditis, coronary anomaly,
the long QT syndrome, mitral value prolapse, and the Wolff-Parkinson-
White syndrome [4].

Table 1. Classification of sudden cardiac death in children

1. Congenital malformations (90%) 3. Primary electrical disorders (2%)
a. Aortic stenosis or subaortic stenosis a. Long QT syndrome
b. Eisenmenger’s syndrome b. Wolff-Parkinson White syndrome
c. Ebstein’s anomaly c. Mitral valve prolapse
d. Corrected transposition d. Heart block
e. Post-op congenital heart disease e. Sinus node dysfunction
f. Coronary artery anomaly 4. Other conditions (1%)
2. Myocardial disease (7%) a. Primary pulmonary hypertension
a. Myocarditis b. Myocardial tumor
b. Hypertrophic cardiomyopathy c. Cocaine
c. Dilated cardiomyopathy d. Kawasaki’s coronary aneurysms
d. Neuromuscular disorders e. Medication
e. Endocardial fibroelastosis
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A classification of sudden cardiac death in children is presented in Table
1. The eight most common causes of sudden cardiac death in children
include, in descending order, surgical palliation for cyanotic congenital heart
disease, left to right shunt with Eisenmenger’s syndrome, post operative
correction of tetralogy of fallot, unoperated tetralogy of fallot, cardiomyopa-
thy, post-op atrio-ventricular canal repair, post-operative Mustard operation
for transposition, and the long QT syndrome. This list emphasizes the
complex interrelationship between disordered structure, altered blood flow,
and malignant arrhythmias.

Sudden cardiac death in adults

A review of the epidemiology of sudden cardiac death in adults indicates that
over 90% of such events occur in patients who have underlying coronary
heart disease [5, 6]. In addition, almost half of the patients who die suddenly
have underlying cardiomegaly and/or left ventricular hypertrophy. Ventricu-
lar fibrillation occurs in approximately 25% of patients who sustain acute
myocardial infarction. Overt precipitating factors such as vigorous exertion
are rarely responsible for the occurrence of sudden cardiac death. Currently,
the rate of sudden cardiac death due to coronary disease is declining in
parallel with that of total cardiac mortality. A classification of sudden cardiac
death in adults is presented in Table 2.

During the past several years, our research group has been involved in the
study of patients following myocardial infarction, and we have had the
opportunity to look into the problem of sudden cardiac death in this subset
[7]. Holter recordings in this patient population have identified an association
between the frequency and repetitiveness of ventricular premature beats and

Table 2. Classification of sudden cardiac death in adults

1. Coronary heart disease (90%) 4. Primary electrical disorders (0.5%)
a. Acute myocardial infarction a. Long QT syndrome
b. Post-hospital phase of myocardial infarction b. Wolff-Parkinson White syndrome
c. Ventricular aneurysm c. Mitral valve prolapse

d. Ischemic cardiomyopathy 5. Other conditions (0.5%)

2. Cardiomyopathy (7%) a. Primary pulmonary hypertension
a. Hypertrophic — obstructive b. Cocaine
and non-obstructive types c. Medication
b. Dilated

3. Aortic stenosis (2%)
a. Rheumatic
b. Congenital bicuspid
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the subsequent occurrence of sudden cardiac death. However, this associa-
tion is not very robust, and the presence of frequent and repetitive ventricular
premature beats are associated with a relative risk of sudden cardiac death
that is only twice that of patients without these ventricular premature beat
features. Myocardial ischemia as opposed to acute myocardial infarction
does not seem to contribute a major risk. In contrast, patients with left
ventricular dysfunction are at a considerably increased risk for both sudden
and non-sudden cardiac death. There is increasing evidence that increased
sympathetic nervous system activity contributes to electrical instability [8],
especially in patients with disordered left ventricular function. Finally,
therapy with beta blockers but not calcium channel blockers is associated
with a reduction in sudden cardiac death in the posthospital phase of
myocardial infarction.

Epidemiologic conclusions

It should be emphasized that the heart is remarkably resilient to electrical
instability. Over the course of a lifetime, one ventricular fibrillation event
may occur after three billion heart beats. Secondly, the underlying substrate
for sudden cardiac death involves major alteration in cardiac structure and
function. In both children and adults, there is usually evidence of extensive
myocardial damage and/or ventricular hypertrophy. The pro-arrhythmic
effect of certain medications suggests that myocellular membrane dysfunction
contributes to electrical instability. Electrophysiologic studies have demon-
strated the presence of re-entry circuits in patients with recurrent ventricular
tachycardia. Animal studies suggest that the autonomic nervous system plays
an important role in altering the threshold for excitability and probably for
ventricular fibrillation in patients with underlying myocardial disease.

The trigger responsible for ventricular fibrillation remains elusive. It is
unclear why patients develop ventricular fibrillation in the absence of any
discernable percipitating factors. It is obvious that subclinical alterations in
homeostatic mechanisms must be playing a role. It is reasonable to speculate
that exaggerated fluctuations in myocellular membrance currents and un-
damped oscillations in the sympathetic and parasympathetic traffic to the
heart may be triggering mechanisms for malignant ventricular arrhythmias in
the vulnerable heart. Our current fund of knowledge in this area is quite
sparse, and additional investigation is needed.

As physicians, we tend to focus on secondary prevention. Such an
approach will require improved physiologic risk stratifcation and focused
therapy for the disordered physiology. In the adult, a significant reduction in
the incidence of sudden cardiac death will be achieved when primary
preventive strategies are effective in inhibiting the development of coronary
artery artery disease.
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3. Out-of-hospital sudden death in Spain

J. COSIN AGUILAR
Research Group Spanish Trial on Sudden Death

Introduction

The Spanish study on sudden death [1] contains three different projects.
Project A examines epidemiological aspects of sudden deaths that occur in
Spain’s non-hospitalized general population. It is impossible in our country to
ascertain the SD mortality rate, personal and familiar pathological back-
ground, risk factors and general circumstances (place, time, witnesses, etc.) of
the SD through official documents like death certificates or hospital records.

The only way, in fact, to detect cases of sudden death was to survey the
families of SD victims in the cemetery. The data obtained from this survey
could not be compared with data on the general living population collected
by direct observation. For this reason parallel to the survey of SD victims, a
survey of the families of non-sudden death (NSD) victims was also made.
This latter survey provided us with a comparison group.

Project A was begun in the City of Valencia in February, 1986. Other
areas of Spain that were incorporated into the project at a later data are:
Santiago de Compostela, Vic, Manlleu, Gandia, Xativa and Girona. The
statistical analysis of the results from the study of the City of Valencia, the
largest population examined, is now near completion. The Santiago study has
been completed, and the others are at various different stages of develop-
ment. The results presented here refer primarily to the City of Valencia
(Table 1).

Methods

The epidemiological survey used contained 54 questions, and in all cases the
closest suitable of the deceased person was interviewed directly by a physi-
cian. The initial study covered 4,718 deaths in the City of Valencia over a
one-year period.

The survey was done daily by medical personnel in the Municipal
Cemetery of the City of Valencia (which gets 97% of all the burials in this

A. Bayés de Luna et al. (eds.): Sudden Cardiac Death, 19-30.
© 1991 Kluwer Academic Publishers, Dordrecht.
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Table 1. Project A. Epidemiology of sudden death in Spain

Data collection Data analysis Population
Vic-Manlleu Finalized — 45,593
Santiago Finalized Finalized 453,857
Girona In progress — 454,042
Xativa In progress — 24,427
Gandia In progress — 50,094
Valencia Finalized In progress 729,419

city). In the other towns studied, data were collected in an equivalent way
(from the local registry office in Gandia, Xativa and Girona; from the funeral
parlours in Vic and Manlleu; and from the physicians who signed the death
certificates in Santiago de Compostela).

The surveys were completed in various ways depending on the circum-
stances of each case (by telephone, mail, home visit, etc.).

A second phase of the study (in progress at the moment) involves
checking the case histories of the SD subjects on our list in the Area
Hospitals. In addition an effort is being made to obtain anatomopathological
information on the sudden death cases in wich autopsies are done.

Sudden death: Concepts

Sure sudden death (SSD): natural, unexpected and fast (60 minutes with
witnesses; 12 hours without witnesses). Possible sudden death (PoSD): cases
in wich the death certificate suggests SD but it is not known if the terms of
the preceding definition are fulfilled. In the present report, all results refer to
SSD.

Results

Figure 1 shows the geographical location of the areas under study. Sudden
deaths represent between 2.6% (Santiago de Compostela) and 10.2% (Vic
and Manlleu) of the total number of deaths in these areas. The sudden death
mortality rates in the different areas are very similar, ranging from 24.1/
100,000 inhabitants/year in Vic and Manlleu and 38.9/100,000 inhabitants/
year in Valencia. The distribution by sex was also very similar in the different
studies: in general, 1/3 corresponded to females and 2/3 to males.

The following results refer to the City of Valencia [2]. Table 2 shows the
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Figure 1. You can see the distribution of sudden death in the cities where it has been studied.
The first number means the percentage of sudden death on total death population and the
second the sudden death mortality rate per 100,000 inhabitants and per year.

mortality rates by age and sex. In Valencia it was 62.83/100,000 inhabitants/
year for males and 19.54/100,000 inhabitants/year for females.

Age of SD victims

Sudden death is a premature death, and it is more premature in men than in
women (Figure 2). The average SD age was 65 for males and 74 for females,
whereas the NSD average age was 71 (males) and 76 (females). As can be
seen in Figure 2, most deaths among males who are under the age of about
65 are SD, whereas among women there is no age at which SD is prevalent
over natural death.

Family history of SD
In 23% of the male SD cases, the victim’s immediate family had a history of

SD (p < 0.001), whereas this was true of only 12% of female SD victims.
Although the latter percentage is higher than that of NSD (9%), it is not
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Table 2. SSD mortality rates by age and sex

Age groups Population SSD Incidence
Males

0—4 20,162 1 4.95

5—9 28,634 - -
10—14 31,705 - -
15—19 31,536 1 3.17
20—24 30,124 - —
25—-29 26,427 1 3.78
30—34 23,117 - —
35—-39 23,222 2 8.61
40—44 20,975 4 19.07
45—49 19,880 18 90.54
50—54 20,511 14 68.25
55—59 19,542 16 81.87
60—64 17,402 29 166.64
65—69 12,751 26 203.90
70—74 10,208 27 264.49

+74 11,447 52 454.26

Total 347,643 191 54.94
Females

0—4 19,069 - -

5—9 26,965 — -
10—14 30,212 — —
15—19 30,080 - —
20—24 29,308 - -
25-29 27,178 1 3.67
30—34 25,338 - —
35—-39 25,203 - —
40—44 22,865 2 8.74
45—49 21,768 1 4.59
50—54 23,072 3 13.00
55—59 23,254 6 25.80
60—64 21,557 2 9.27
65—69 17,966 11 61.22
70—74 15,230 11 72.22

+74 22,711 53 233.36

Total 381,776 90 23.57

statistically significant. Parents (41%), brothers and sisters (46%) are most
frequently the relatives who have died of SD (Figure 3).

Personal medical history of SD victims

SD males show increased incidence of ischemic cardiopathy (p < 0.001)
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Figure 2. (A) Age of death SSD/NSD (by sex); (B) SSD/NSD mean age (by sex; males: p <
0.001; females: p < 0.001). Abreviations: SSD: Sure Sudden Death; NSD: Non Sudden Death.

and syncope (p < 0.05). A similar pattern is found in females, but in their
case the incidence of syncope is higher (p < 0.001) (Figure 4).

Risk factors in SD

Hypertension (p < 0.001) was the most markedly increased risk factor in
SD victims of both sexes. Dyslipemia was also high both in males (p <
0.001) and females (p < 0.01). The risk involved in smoking was no greater
than in NSD, regardless of the sex of the victim or the amount of tobacco
smoked. Perhaps, tobacco could be considered a risk factor for SD among
young males in our study (Figure 5). Diabetes also did not prove to be a
significant risk factor in SD [3, 4].

SD without antecedents

In 38% of the males and 35% of the females we were able to ascertain that
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Figure 3. (A) Previous families SD (by sex; males: p < 0.001; females: NS); (B) SD ancestors.

Figure 4. Previous diseases: (A) males; (B) females. Abreviation: CHD: Coronary Heart
Disease.
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Figure 5. Risk factors: (A) males; (B) females.

no member of the family had died of SD. 43% of the males and 48% of the
females had no family history of ischemic cardiopathy (angina or infarction).
9% of the males and 20% of the females had none of the risk factors
included in this study. During 15 days prior to SD, 44% of the males and
36% of the females gave no sign of any health problem (Figure 6).

Figure 6. SD-antecedents. Abreviations: No Prev. SD: No previous sudden death in family;
No Prev. D: No previous disease; No CHD: No coronary heart disease; No Risk F: No risk
factors; No Prev. C: No previous complaints.
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Time of SD

When SD cases were plotted along a period of a year, it was observed that
there was an increase between September and January (Figure 7). This
datum will have to be verified in future studies.

Most deaths, both sudden and non sudden, occur in the morning or early
afternoon (Figure 7).

Place of SD
87% of SD occurred at home (34% in bed) and only 8% in the street or at

the victim’s place of work. SD outside the home was more common in
individuals with a history of syncope (30%). In contrast, NSD usually

Figure 7. (A) SSD/NSD distribution (months); (B) time of death (SSD/NSD).
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occurred in a hospital (62%), while only 37% of NSD died at home (15% in
bed), and no NSD occurred in the street, in transport or in the victim’s place
of work (Figure 8).

These statistics do not include sudden deaths that occurred in a hospital.

Activity at the moment of SD

SD occurs most frequently when the victim is resting (70%). 37% of SD
occur when the individual is sleeping, 7% during exercise and 2% while the
victim is working. Nevertheless, non sudden deaths never occur during work
or exercise. 32% of SD cases with a history of syncope die while doing some
kind of exercise; this group cited above that dies outside the home (Figure 9).

Witnesses of SD and resuscitation maneuvers

In 81% of the cases, SD occurred in the presence of witnesses; in 35% of
these deaths the witness was the spouse, whereas in 16% the victim’s sons
and daughters were the witnesses. Resuscitation techniques were applied in
only 35% of the cases and they were applied by medical or paramedical
personnel in only 26% of the cases. There were no reports of resuscitation
being attempted by persons trained specifically in cardiac resuscitation
(Figure 10).

Figure 8. Place of death for people who die, of sure sudden death (SSD), of non sudden death
(NSD) and of sure sudden death and before have suffered of syncope.
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Figure 9. Activity during death in the same grouus than in figure number 8. See text.

Figure 10. (A) SD witness, (B) attempted resuscitation. Abreviations: Wife/H: Wife or
Husband; Sons/D: Sons or Daughters.
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Death certificates in SD cases

There are no significant differences between the immediate causes of sudden
and non sudden death. In both cases and in both sexes, 70% of the deaths
can be attributed to cardiac arrest and cardiac failure (Figure 11).

As far as the underlying cause of death is concerned, in SD the predomi-
nance of ischemic cardiopathy is significant, while in NSD cancer is the main
underlying cause. This is true of both sexes (Figure 12).

Conclusions

The SD out-of-hospital mortality rates in Valencia, calculated in terms of age
and sex, are: 62.8/100,000/year for males 19.5/100,000/year for females.

The total SD mortality rate in Valencia is 42.5/100,000/year.

The incidence of a family history of SD is significanly increased in SD
males.

Ischemic cardiopathy and syncope are more frequent in SD than in NSD.

Hypertension and dyslipemia are two risk factors that show a significant
increase in the SD population.

Both SD and NSD occur most frequently in the morning or early
afternoon.

SD most frequently occurs at home while the subject is resting and in the
presence of witnesses. The witnesses are usually the wife and sons.

Figure 11. Diagram on death certificates immediate cause: (A) males; (B) females. Abrevia-
tions: C. Arrest: Cardiac arrest; C. Failure: Cardiac failure; NK : Non known.
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Figure 12: Diagram on death certificates underlying cause: (A) males; (B) females. Abrevia-
tions: CHD: Coronary heart disease; Cereb: Neurological diseases; Meta: Metabolic diseases;
Pulmon: Pulmonary diseases; Other HD: Other heart diseases.

When the subject has a history of syncope, SD often occurs away from
home and during exercise.
Our study indicates that resuscitation measures were seldom applied.
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4. Thrombosis, antithrombotic therapy and
sudden death

JOHN H. IP and VALENTIN FUSTER

Emerging pathological and clinical data has allowed us to formulate an
evolving concept regarding thrombosis and sudden death. Several funda-
mental relevant issues need to be addressed before we go on. First, cardiac
death is always sudden since it is generally the result of an abrupt electrical
phenomenon. The question is when it occurs in term of timing. Four different
stages of sudden death can be identified. Second, emphasis on the pathogenic
mechanism of sudden death has always been placed on the primary electrical
component of the heart related to ventricular function (substrate), accumulat-
ing evidence suggests that acute thrombosis and ischemia (isichemia) may
also play an important role in sudden death; depending on the stages of
sudden death, one or both of these pathogenic mechanisms predominate.
Third, in most antithrombotic trials, sudden cardiac death is not properly
defined in terms of timing nor in terms of mechanisms. Nevertheless, there is
enough information to provide us with the relevant hypothesis. With this
background, we will discuss the four different stages of sudden death, the
pathogenic mechanisms, and the role of antithrombotic therapy in each stage
of sudden death (Table 1).

Stages of sudden cardiac death

Based on the Framingham study, middle aged men have an incidence of
clinical coronary artery disease of about 1% per year, sudden death is the
first manifestation of the disease accounting for about 13% of these patients
[1]. As we will indicate later, such instantaneous and unexpected sudden
death — Stage I is, in a majority of these patients, probably ischemic in origin
(ischemia). The remaining 87% of the patients have their first manifestation
of coronary artery disease as either stable angina, unstable angina or myo-
cardial infarction. We define Stage II sudden death as the event that occurs
within the first 4 weeks of the onset of an acute coronary syndrome, more
specifically, myocardial infarction or unstable angina. As we will be dis-
cussing later, the mechanisms appear to be related to the degree of left

A. Bayés de Luna et al. (eds.): Sudden Cardiac Death, 31-40.
© 1991 Kluwer Academic Publishers, Dordrecht.
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Table 1. Antithrombotic therapy in the stages of sudden cardiac death

Stages Risk of SD Mechanism Evolving
antithrombotic therapy
ASA A/C ASA+A/C
I Low Ischemia +! - —
II High Ischemia and substrate + + ?
III Medium Substrate and ischemia +2 + —
v Medium Ischemia +?2 + —

SD: sudden death, ASA-aspirin, A/C-anticoagulant.

Stage I: No history of coronary artery disease.

Stage II: Unstable angina and myocardial infarction ( <2 months).

Stage III: Myocardial infarction ( <2 years).

Stage IV: Myocardial infarction (> 2 years) and stable coronary disease.

1: High risk males over age of 50.

2: ASA preferred over A/C for long term use because of similar benefit and less risk.

ventricular dysfunction (substrate), the status of the infarct related artery
(open or closed) and the risk of re-occlusion (ischemia). Stage III sudden
death relates to event that occurs within the first 2 years following myo-
cardial infarction, and as we will discuss later, appears to be related to the
functional status of the left ventricle, i.e. absence or presence of SCAR and/
or aneursym (substrate) or to sudden recurrence of acute ischemia or re-
infarction (ischemia). Finally, Stage IV relates to patients with coronary
artery disease who either have old infarct of more than 2 years or stable
coronary artery disease. These patients usually have good ventricular func-
tion and the cause of sudden death, as we will discuss later, is probably
ischemic in origin (ischemia).

Mechanism of sudden death.

a. Stage I sudden death. This stage relates to the syndrome of instantaneous
or unexpected sudden death of individuals who did not have known previous
manifestations of coronary artery disease. We speculate that this event occurs
in the setting of an acute coronary occlusion, usually thrombotic, leading to
electrical instability and depending on the availability of microvascular
collaterals, subsequent development of fatal arrhythmia can occur. In this
context, it is of interest that, animals with good coronary collateral system do
not develop ventricular fibrillation following an acute coronary occlusion, but
rather an infarction that is not necessarily extensive. Alternately, those with
poor collateral circulation, easily manifest ventricular arrhythmia and sudden
death following ischemia or an extensive infarction [2].

The single most impressive data that led us to speculate that an acute
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thrombotic episode accounts for this stage of sudden death derives from
several autopsy studies that demonstrate the presence of coronary thrombi in
the majority of patients who have this fatal event as their first presentation
[3—S5]. For example, Davies and coworkers reported in 168 cases of sudden
cardiac death; over 72% of the patients had evidence of either mural or
occlusive thrombi and plaque rupture in the coronary tree [3]. Interestingly,
the presence of old infarcts and severe triple vessel disease in autopsy were
associated with the absence of acute coronary events and coronary throm-
bosis. This suggests that in Stage III sudden death, as will be discussed later,
pathogenic factors other than acute thrombosis, i.e. left ventricular function,
may play the predominate role. Several other lines of clinical data also
provide supportive evidence concerning the role of an acute ischemic event
in Stage I sudden death. First, a prominent circadian rhythm in the frequency
of sudden death, remarkably similar to that of nonfatal myocardial infarction,
have recently been demonstrated (6, 7]. This similarity may suggest that these
individuals may have a common pathogenic process, namely plaque rupture
and coronary thrombosis. Second, there are 4 major studies demonstrating
that over 50% of patients whom were resuscitated from sudden death had Q
waves and/or significant cardiac enzymes elevation suggestive of an acute
myocardial infarction [8—11]. Third, according to thirteen published second-
ary prevention trials using aspirin in patients with cerebral vascular disease,
thus at high risk of coronary disease, the incidence of sudden death was
decreased by 15% while the incidence of nonfatal myocardial infarction was
decreased by 35% [12]. This fact points out, again, that sudden death in this
population probably has an important thrombotic-ischemic origin. In this
context, the recently published Physicians’ Health Study demonstrated that
the use of aspirin produced a significant 44% reduction in the risk of
myocardial infarction in male patients over the age of 50 [13]. Although the
incidence of sudden death in this study was very low and the effect of aspirin
could not be demonstrated, according to all of the above information, the use
of aspirin in high risk asymptomatic male patients over the age of 50 may be
justified [14].

b. Stage Il sudden death. Stage 1l sudden death relates to the event occurring
within the acute phase (<8 weeks) of an acute coronary syndrome, namely
acute myocardial infarction or unstable angina. In the context of an acute
myocardial infarction, this period is of particular importance because over
50% of all sudden deaths within the first year of the infarction occur in this
period [15]. Three pathogenic factors have been identified and appear to play
important roles in stage II sudden death: left ventricular function, the patency
of the infarct related artery and the risk of re-occlusion. Left ventricular
function is one of the most important independent prognostic indicators for
both short and long term survival. Mukharji and coworkers demonstrated
that the incidence of sudden death early after acute myocardial infarction
was 18% in patients with poor left ventricular function (ejection fraction <
0.4), which is 11 times that of patients with normal function [15]. Similar data
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has been reported by other groups [16]. The benefit of timely thrombolytic
therapy on improving survival in acute myocardial infarction has been
unequivocally demonstrated by many large clinical trials. The decrease in
early mortality apparently is related, in part, to preservation of left ven-
tricular function. For example, in the European trials such as GISSI-1 and
ISIS-2 with more than 15,000 study patients demonstrated a 15—20%
improvement in ejection fraction at 4 weeks after myocardial infarction as
compared to placebo group while the cardiac mortality decreased by 18—
20% [17, 18]. Similarly, trials using TPA showed a comparable improvement
in left ventricular function and survival rate [19—21].

Several observations, however, suggest that successful reperfusion may
provide beneficial effect even in the absence of improvement of left ven-
tricular function. In the Western Washington trial comparing intra-coronary
streptokinase with placebo, reperfusion was achieved in an average of 5
hours after the onset of symptoms. Despite the achievement of successful
reperfusion in the majority of the treated patients, this was not associated
with improvement of left ventricular function or decrease in infarct size,
probably secondary to the relatively late onset of therapy. However, patients
who have successful reperfusion demonstrated a lower mortality than those
who did not [22]. The improved survival in the treated group appears to be
related to whether the infarct-related artery is patent or not. Indeed, patency
of the infarct-related vessel has been suggested to be an important independ-
ent predictor of survival [23, 24]. It has been demonstrated that, early
mortality of patients with anterior wall infarction treated with streptokinase
with complete reperfusion of infarct-related artery was only 5% as compared
to a mortality of 36% with partial or no reperfusion [23]. Similarly, in the
German Multicenter trial of Anisylated Plasminogen Streptokinase Activator
Complex (APSAC), the mortality was reduced from 12.6% in the control
group to 5.6% in the APSAC-treated patients without an effect on the global
left ventricular function [25]. Van de Werf and coworkers also reported that
the early mortality was reduced from 5.8% in placebo group to 2.7% in those
receiving TPA, yet improvement of left ventricular function was only slight
and would not appear to account for the marked reduction in early mortality
[21]. The mechanism accounting for the benefical effect of successful reperfu-
sion other than limiting infarct size and the associated deterioration of left
ventricular function is not entirely clear. One possibility, as suggested by
animal data and clinical observation, is that reperfusion may limit infarct
expansion and prevent the resultant left ventricular dilatation and aneurysm
formation [26, 27]. Another possibility is that reperfusion may improve
electrical stability of the heart. In this context, it has been shown that
successful thrombolysis reduces the incidence of ventricular late potentials
and early ventricular fibrillation and thus may prevent sudden death follow-
ing myocardial infarction [28, 29, 30].

Another factor that may play a role in the pathogenesis of Stage II sudden
death is coronary re-occlusion following myocardial infarction. Coronary re-
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occlusion occurs in 10—15% of patients receiving thrombolytic therapy and
usually within the first 2 weeks following myocardial infarction and accounts
for re-infarction and sudden death [31, 32]. The mechanism of re-occlusion
appears to be related to the severity of residual luminal narrowing following
thrombolysis and the presence of residual thrombus, a potent thrombogenic
surface [31, 32, 33]. Prevention requires inhibition of mechanisms involved
in rethrombosis and includes 2 basic principles: 1. thorough lysis, 2. antith-
rombotic therapy. The first principle involves the use of newer generation
and synergistic combination of thrombolytic agents and is beyond the scope
of discussion of this chapter. The second principle involves the use of antico-
agulants and/or antiplatelet drugs following thrombolysis. The use of antico-
agulants in this stage is logical and rountinely used in clinical practice.
Although as of the time of this writing, there is no definitive study of the
effect of heparin on re-occlusion rate following thrombolysis, several retro-
spective studies have indicated that the use of anticoagulants during the first
month following myocardial infarction may reduce in-hospital mortality [34,
35, 36]. Indeed, a recently published prospective, randomized trial demon-
strated the use of high dose subcutaneous heparin and intravenous streptoki-
nase in patients with acute myocardial infarction produced a 50% reduction
of in-hospital cardiac mortality as compared with the use of streptokinase
alone [37]. The use of aspirin following thrombolysis also appears to be of
benefit. In the ISIS-2 study, there was a higher reduction in 5-week mortality
in patients allocated to streptokinase plus aspirin than in patients allocated
either to streptokinase or aspirin alone [18]. Although there are no data on
the association of aspirin administration and the prevention of re-occlusion,
the results of this study may reflect a beneficial effect of aspirin in preventing
platelet activation and probably re-occlusion.

In patients with acute myocardial infarction but were not given thrombo-
lytic therapy, the use of antithrombotic agents have also been demonstrated
to be of benefit. In the pre-thrombolysis era, Chalmers and coworkers
performed a meta-analysis of 6 randomized trials and demonstrated that the
use of anticoagulants in patients with acute myocardial infarction reduced
cardiac mortality by 21% [38]. Similarly, in a recent analysis of pooled data
of several clinical trials, the use of aspirin and/or an anticoagulant reduced
vascular death by 16%, nonfatal re-infarction by 22%, and stroke by 51%
(Personal communication, P. Sleight). In addition, in the ISIS-2 trial, patients
with suspected myocardial infarction treated within 24 hours of onset with
aspirin alone had a 23% reduction in 5-week vascular mortality compared
with those given placebo [18]. This dramatic effect was possibly related to
prevention of re-infarction in patients with spontaneous vessel re-canaliza-
tion. Indeed, aspirin reduced the rate of re-infarction by almost half [18].
Finally, in the most recently published Italian study, the use of high dose
subcutaneous heparin in patients who did not receive thrombolysis reduced
cardiac mortality by 34% as compared to placebo [37].

In the context of unstable angina, the beneficial effect of antithrombotic
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therapy in reducing sudden death in this group of patients is well defined.
The Veterans Adminstration Cooperative Study found a 51% collective
reduction in mortality and nonfatal myocardial infarction with aspirin during
a period of 12 weeks [39]. The Canadian multicenter trial corroborated these
findings using higher aspirin dosage for a mean of 18 months. An identical
51% reduction of myocardial infarction and cardiac death was found [40].
The use of anticoagulants in unstable angina is equally advocated based on
the similar beneficial effects obtained in the reduction of cardiac mortality
[41, 42]. Nevertheless, a substantial proportion of these patients develop
myocardial infarction despite treatment with one agent or the other, there is
a pressing need to test combinations of antiplatelet agents and anticoagulant
which may offer better protection.

In summary, the pathogenic mechanisms of stage II sudden death appear
to be related to the functional status of left ventricular function (substrate),
the patency of the infarct-related vessel (substrate and ischemia), and the risk
of re-occlusion (ischemia). Based on emerging clinical evidence, the use of
low dose aspirin is justified within the first 4 weeks of an acute myocardial
infarction. The use of anticoagulants in this stage may add additional benefit,
however due to the higher risk of bleeding complications, the combined use
of aspirin and anticoagulants cannot be advocated at this time. Similarly, in
patients with unstable angina, the combined use of antiplatelet agent and
anticoagulant is probably better then either agent alone, but further clinical
trials are needed to define the risk and benefit ratio.

c. Stage III sudden death. Stage III sudden death relates to the event
occurring within the first 2 years of myocardial infarction. Within this period,
the most important risk factor for occurrance of sudden death is left
ventricular dysfunction. However, acute ischemia secondary to thrombosis
also may play a role in this stage of sudden death, as illustrated by the result
of the recently published meta-analysis of more than 10 randomized trials
involving platelet inhibitors in patients with prior myocardial infarction [12].
Despite the inherent problems of pooled data, this overview concluded that
among survivors of myocardial infarction, platelet inhibitors reduced vascular
mortality by 13%, nonfatal re-infarction by 31%, nonfatal stroke by 42%. Of
interest, the use of anticoagulant also reduces the incidence of sudden death
in this group of patients as demonstrated by a resent randomized, placebo-
controlled, long term follow-up trial showing a 35% reduction of cardiac
mortality and a 41% reduction of re-infarction rate in patients receiving
coumadin as compared to placebo [43]. Until more data are available, the use
of aspirin may offer several advantages over long term anticoagulants in cost,
ease of administration, and side effect. The use of combined antiplatelet
agents and anticoagulants is probably not advised at this time because of the
significant incidence of bleeding complications.

d. Stage IV sudden death. Stage IV sudden death relates to the event
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occurring in patients with remote history of myocardial infarction and good
ventricular function and in patients with chronic coronary artery disease with
also good ventricular function. Sudden deaths in these cases are probably
ischemic in origin and related to thrombotic occlusion. Most studies of
platelet inhibitors in survivors of myocardial infarction have shown a
beneficial trend toward lower mortality, which became significant only when
the data derived from all trials are pooled [12]. As for anticoagulant therapy,
the Sixty-Plus Reinfarction study demonstrated a 26% reduction in cardiac
mortality and a 55% reduction in re-infarction in patients receiving coumadin
as compared to placebo [44]. Although no randomized trial of antithrom-
botic therapy in chronic stable angina has been published, the sustained
beneficial effects of aspirin in patients with unstable angina suggest a role for
aspirin in stable angina. Indeed, preliminary evidence from an angiographic
study in patients with stable angina demonstrated that platelet inhibitors
reduced the incidence of myocardial infarction and new atheromatous lesion
formation [45]. Probably one can conclude that for the prevention of stage
IV sudden death, aspirin and anticoagulant have the same beneficial effect.
Although the combination of both would probably be of antithrombotic
advantage, this cannot be advised because of the higher rate of bleeding
complications seen during long term administration of this combination.

Antithrombotic therapy

For the understanding of the pathogenesis and prevention of sudden death in
patients with coronary artery disease, it is important to distinguish four stages
of sudden death because each have different pathogenesis in terms of
ischemia, substrate or the the combination of both as the primary cause.

In stage I sudden death, which relates to event occurring in individuals
without a prior history of cardiac disease, the use of aspirin in previously
asymptomatic high risk male patients over the age of 50 is probably justified.
Anticoagulant at low dose is presently being tested on a large British study.

In stage II sudden death, which relates to event occurring within 4 weeks
of an acute coronary syndrome, specifically acute myocardial infarction, the
combined use of thrombolytic agents early in the course along with aspirin
during the first month appears to be mandatory. In addition, there is increas-
ing evidence that the concommitant use of an anticoagulant during this
period may be of additional benefit, but we cannot advocate the use at this
time because of the high risk of bleeding complication. In the subset of
patients with acute myocardial infarction who did not receive thrombolytic
therapy, the use of antiplatelet agents or anticoagulants is advised. Similarly,
in patients with unstable angina, the combined use of antiplatelet agent and
anticoagulant may be better than either one alone, but we continue to advise
the use of either one agent until the long term risk is more defined.

In stage III sudden death, which entails the first two years following
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myocardial infarction, the degree of left ventricular dysfunction secondary to
scarring plays the most important role. However, there is evidence that the
use of aspirin may be of benefit in the proportion of sudden deaths that are
due to ischemia. Anticoagulants appear to be of similar benefit but they have
a higher risk of bleeding complications and for this reason, the combined use
of aspirin and anticoagulant for this long term therapy is not warranted.

In stage IV sudden death, which relates to event occurring in patients with
a remote history of myocardial infarction or with chronic stable coronary
artery disease, the use of aspirin or anticoagulant appear to be of similar
benefit and the use of aspirin alone is advised because of a lower incidence
of bleeding.

In summary, an evolving concept of cardiac sudden death has emerged. 4
stages of sudden death with respect to different timing and pathogenic
mechanisms can be identified. Recognition of the role of myocardial sub-
strate, ischemia (particularly thrombosis) or both in the pathogenesis of each
stage of sudden death has allowed us to formulate a strategy, that outlines the
specific use of antithrombotic therapy, in the prevention of sudden death.
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5. The potential for antiarrhythmic drugs to
reduce mortality from sudden cardiac death

J. THOMAS BIGGER, JR.

In this article, we will discuss the evidence that antiarrhythmic drug treatment
improves outcome, (i.e., prevents symptomatic ventricular arrhythmias and
sudden cardiac death) and how to evaluate antiarrhythmic drug therapy for
patients with malignant ventricular arrhythmias. Then, we will discuss pre-
viously completed and ongoing trials of antiarrhythmic drug treatment in
patients with potentially malignant ventricular arrhythmias. We will not
discuss the potential of beta adrenergic blocking drugs to prevent sudden
cardiac death because Dr. Van Durme has discussed this in detail elsewhere
[55] We will separate the ventricular arrhythmias into malignant and poten-
tially malignant (see Morganroth [22]).

Prediction of antiarrhythmic drug efficacy in patients with malignant
ventricular arrhythmias

There have been a number of studies to show that drugs that prevent
initiation of ventricular tachycardia (VT) or ventricular fibrillation during
programmed ventricular stimulation have a high degree of efficacy during
long-term follow-up whereas those that do not prevent sustained ventricular
arrhythmias are associated with a much higher rate of arrhythmia recurrence
and sudden death during long-term follow-up [1—12]. One group has
reported that a programmatic evaluation using ECG monitoring, 24-hour
ECG recording, and exercise testing also has predictive accuracy for long-
term efficacy of drug therapy for malignant ventricular arrhythmias [13—17].

Selection of long-term drug treatment for malignant ventricular arrhythmias

The efficacy of antiarrhythmic drug treatment has been demonstrated for
patients with malignant ventricular arrhythmias, i.e., sustained VT or cardiac
arrest due to ventricular fibrillation. More and more patients with malignant
ventricular arrhythmias are salvaged from their initial event by prehospital
emergency medical systems. Patients who are resuscitated after an episode of

A. Bayés de Luna et al. (eds.): Sudden Cardiac Death, 41-62.
© 1991 Kluwer Academic Publishers, Dordrecht.
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sustained VT have a recurrence rate for sustained ventricular arrhythmias of
25—50% per year and many recurrences are fatal. Thus, these patients
require aggressive treatment. The first approach to treatment is antiarrhyth-
mic drugs. Arbitrary drug therapy, i.e., giving a patient an antiarrhythmic
drug without evaluation of efficacy is associated with high recurrence and
with fatality rates and is therefore unacceptable. Drug/dose finding in
patients with malignant ventricular arrhythmias should be evaluated with
rigorous methods shown to have excellent predictive accuracy for a good
long-term clinical response. Patients with malignant ventricular arrhythmias
are admitted to hospital and monitored continuously while a search is made
for a reversible or temporary cause for the arrhythmia, e.g., myocardial
infarction, electrolyte derangement, or drug toxicity. If no reversible cause
is found, further workup should proceed under the assumption that the
arrhythmia will recur. Antiarrhythmic drugs should be discontinued and
baseline evaluation done that includes 48 hours of continuous ECG record-
ing, exercise testing, and an electrophysiologic study. In addition, left ventri-
cular function and coronary anatomy should be evaluated. If sustained
ventricular tachycardia is recurring several times a day, then treatment
should be guided with ECG recordings and exercise testing. This situation is
rare. If ventricular ectopic activity is infrequent, e.g., averages less than 10
VPD per hour over the 48 hour recording period, treatment should be
guided by electrophysiologic studies. This situation is common. The standard
method for drug/dose finding is endocardial electrical stimulation (pro-
grammed ventricular stimulation) [1—12]. Recent studies suggest that a
programmatic non-invasive approach using 24-hour continuous ECG re-
cordings and exercise tests also can be used to evaluate treatment of
malignant ventricular arrhythmias [13—17].

Sequencing tests and drugs for malignant ventricular arrhythmias

The rationale and process of evaluating drug efficacy in malignant ventricular
arrhythmias is similar for the non-invasive method and the invasive electro-
physiologic method [4, 5, 13, 18]. With either method, the patient is
stabilized and baseline drug-free studies are done to determine the biologic
nature of the arrhythmia and the techniques that can be used to evaluate the
patient. Patients who are not evaluable by one method are evaluated by the
alternate method or are treated empirically. Patients who are evaluable are
then tested with a series of drugs until the efficacy criteria are satisfied. For
the non-invasive method, efficacy usually is defined as a 50 to 80% reduction
in VPD frequency, 80—90% reduction in paired VPD and a 90—100%
reduction in runs of unsustained ventricular tachycardia (3 or more con-
secutive VPDs) [13, 18]. When a drug or drug combination is predicted to be
successful by these criteria, the patient is discharged on this regimen and
followed.

The criterion for efficacy using programmed ventricular stimulation is
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conversion of inducible, sustained ventricular tachycardia to unsustained or
no ventricular tachycardia. There is some variability in the definition of
ventricular tachycardia among clinical electrophysiology laboratories: > 10
complexes, > 100 complexes, > 15 seconds, and > 30 seconds have all been
used. At present, there is no theoretical or experimental basis for choosing
among these definitions. Excellent long-term results can be expected when a
drug renders ventricular arrhythmias uninducible. Some other electrophysio-
logic endpoints have been used to define drug efficacy e.g., increased dif-
ficulty in inducing sustained ventricular tachycardia [19], or induction of a
slower, better tolerated ventricular tachyarrhythmia [11, 12].

The most convincing evidence that changing the characteristics of the
induced VT can be used as a predictor of favorable long-term outcome was
reported by Waller et al. who studied 258 patients who had inducible
sustained VT or ventricular fibrillation. [12]. The two most common etiologic
forms of heart disease were coronary heart disease, 210 patients (81%), and
cardiomyopathy, 19 patients (11%). At the baseline study, the induced
arrhythmia was sustained VT in 221 patients (86%) and ventricular fibrilla-
tion in 37 patients (14%). Severe symptoms were present in 241 patients
(93%) during tachycardia in the baseline study. These authors found that
slowing of the ventricular arrhythmia (an increase in cycle length >100
msec) and lack of severe symptoms during the induced arrhythmia predicted
a good long-term outcome. For patients with ventricular fibrillation, the
absolute cycle length of the VT had to be 300 msec or greater during drug
treatment. Severe symptoms were defined as syncope, near syncope, dizzi-
ness, angina, or dyspnea. Using these responses, the patients were divided
into three groups:

1) those who were rendered uninducible (n = 103);

2) those who remained inducible but had a response considered bene-

ficial (n= 51); and

3) those who had no benefit predicted (n = 104).

Patients were followed up to three years (mean of 21 months).
Table 1 shows the follow-up findings in the three groups. The patients

Table 1. Response to electrophysiologic drug testing and outcome (from Waller er al. [12])

Drug N Recurrence of Total Sudden
response sustained ventricular mortality cardiac
arrhythmia death*
Uninducible 103 7% 13% 3%
Beneficial 51 39% 12% 4%
No benefit 104 50% 39% 34%

* Unexpected, witnessed death occurring within one hour of the onset of symptoms not
otherwise explained. Patients who were resuscitated from cardiac arrest also were considered
as sudden cardiac deaths. These events occurred during an average follow-up of 21 months.
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who became non-inducible had a low rate of recurrence of VT and a low
mortality rate. Patients who were inducible but showed a beneficial response
had a high rate of recurrence of VT, but a low mortality rate. Patients who
showed no beneficial response had a high rate of recurrence of VT and a
high mortality rate. Half of the patients were treated with amiodarone alone,
37% with a drug with class I action alone, and the remainder with drug
combinations or other classes of drugs. The response to programmed ventri-
cular stimulation was as predictive for amiodarone as for other drugs. It is
interesting that neither the increase in VT cycle length nor the change in
severity of symptoms during tachycardia alone was predictive of clinical
outcome. Thus, the combined endpoint seemed necessary for accurate
prediction. The recommendation made on the basis of these findings is that
patients who remain inducible on drugs and do not have a beneficial
response should be treated with an automatic implantable cardioverter
defibrillator or with surgical ablation. Patients who remain inducible but have
a beneficial drug response can be treated with the drug that slows their
tachycardia and renders them asymptomatic. However, half of these patients
will experience a non-fatal recurrence of their tachycardia within one year.
The follow-up results reported by Waller ez al. [12] for the softer efficacy
endpoints are promising but need additional study and independent valida-
tion.

The usual sequence for drugs that are tested in patients with malignant
ventricular arrhythmias is substantially different from the sequence used in
benign or potentially malignant ventricular arrhythmias [20]. For malignant
ventricular arrhythmias, the following sequence is as follows:

sotalol or class IA — class IA + 1B — class IC - amiodarone.

Typically, sotalol or quinidine is followed by a combination like quinidine
and mexiletine, followed by encainide, flecainide, or propafenone, and,
finally, amiodarone. dl-Sotalol is an interesting drug that will be marketed in
the United States in the near future. This drug has class II (beta blockade)
and class III antiarrhythmic action [21]. It is more likely than either class I
drugs or amiodarone to render patients with malignant ventricular arrhyth-
mias uninducible; it will convert about 40% versus about 20%. Drugs with
class IC action are used later in the treatment sequence in patients with
malignant ventricular arrhythmias because, although they are more effica-
cious than IA drugs, they also are more likely to aggravate the arrhythmia
and left ventricular dysfunction [22, 23]|. These latter adverse effects are
disease related. For patients with benign arrhythmias or patients with poten-
tially malignant ventricular arrhythmias without severe left ventricular dys-
function, drugs with class IC action are least likely to aggravate ventricular
arrhythmias. For patients with benign ventricular arrhythmias and for most
patients with potentially malignant ventricular arrhythmias, aggravation of
left ventricular dysfunction is not an issue. Amiodarone is used last because
of its frequent and severe toxicity [24].
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Patients in whom drugs cannot be evaluated

About 10% of patients with malignant ventricular arrhythmias are not
evaluable with either non-invasive or electrophysiologic methods, i.e., have
low frequency of spontaneous ventricular ectopic activity and are not indu-
cible by programmed ventricular stimulation [25, 26]. This situation is much
more common in survivors of cardiac arrest due to ventricular fibrillation
than in patients who have had recurrent, sustained ventricular tachycardia.
Patients who are not evaluable by either the Holter/exercise method or the
electrophysiologic method present difficult judgements. Patients who have
ischemia demonstrated on exercise/perfusion studies should be revascula-
rized aggressively with percutaneous transluminal coronary angioplasty
(PTCA) or coronary artery bypass graft surgery on the likelihood that an
ischemic episode may have been responsible for the cardiac arrest. This
approach is encouraged further if ischemic symptoms preceded the cardiac
arrest and left ventricular function is good. Patients with previous myocardial
infarction, poor left ventricular function, and, particularly those with left
ventricular aneurysms, are more likely to have had a scar-related sustained
ventricular arrhythmia. Additional attempts should be made to induce them,
including stimulation of left ventricular sites and use of maneuvers that
increase cardiac sympathetic activity, e.g., isoproterenol infusion [27]. If none
of these maneuvers elicits a sustained arrhythmia, the most effective empiri-
cal treatment should be selected. For patients with coronary heart and
previous myocardial infarction, this usually is the automatic implantable
cardioverter defibrillator. Currently, this is not an approved indication for
the device, but it should be.

Are all drugs evaluable by acute drug testing?

The concern has been raised that some drugs may not be evaluable by the
tests that are used currently to predict efficacy, i.e., that the predictive value
of either 24-hour continuous ECG recordings or electrophysiologic studies is
lower for some drugs. Thus, the drug may fail during long-term treatment
even though success is predicted by acute drug testing. Conversely, the drug
may succeed during long-term treatment even though failure is predicted by
acute drug testing. Amiodarone is a prominent example of this latter concern.
Early reports suggested that a negative electrophysiologic test in patients with
malignant ventricular arrhythmias, had low predictive accuracy, i.e., patients
who were still inducible on amiodarone did well during follow-up. There are
a number of possible explanations for this finding. First, the test may have
been done improperly. Amiodarone has bizarre pharmacokinetic properties,
accumulating in the body over many weeks. It is possible therefore that a test
done too early could be uninformative. Second, without a control group, it is
difficult to conclude whether or not a drug is altering the natural history of
an arrhythmia. In many patients, recurrences of sustained ventricular arrhy-
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thmias are so infrequent that ineffective drugs give a false impression of
efficacy. No controlled studies were ever done to evaluate amiodarone
treatment of malignant ventricular arrhythmias.

Contrary to early opinion, recent studies show that electrophysiologic
studies have excellent predictive accuracy for amiodarone [9, 11, 28—33].
The largest study is that of Horowitz et al. [S] who studied 100 patients with
coronary heart disease, 97 of whom had experienced a previous myocardial
infarction [24]. All of the patients were inducible, i.e., had sustained ventricu-
lar arrhythmias in response to programmed ventricular stimulation during
their baseline electrophysiologic study. Patients were studied about two
weeks after a 10 to 13 gram loading dose of amiodarone had been admin-
istered. In 20 patients, the ventricular tachyarrhythmia was no longer induci-
ble after amiodarone; no recurrent arrhythmia occurred in this group during
an average follow-up period of 18 * 10 months. In 80 patients, the
arrhythmia remained inducible after amiodarone; 38 of these patients (48%)
had arrhythmia recurrence during a follow-up of 12 * 9 months. The dose
of amiodarone at the time of recurrence was 600 mg per day in 21 patients,
400 mg per day in 14 patients, and <400 mg per day in 3 patients. The dose
and plasma concentration of amiodarone was higher in the group of patients
with recurrences during follow-up than in those without recurrences. Addi-
tional prognostic information was obtained from analysis of the rate of
the sustained ventricular arrhythmia induced by programmed ventricular
stimulation and the symptoms experienced during the tachyarrhythmia. Of
24 patients who had cardiovascular collapse or other severe symptoms
during electrophysiologic study after amiodarone treatment, 12 died sud-
denly during follow-up. Of 56 patients who had moderate symptoms during
the induced ventricular arrhythmia, 26 (46%) had a spontaneous sustained
arrhythmia during follow-up, but there were no fatal arrhythmias or sudden
cardiac deaths in this group. This study showed that electrophysiologic
testing provides clinical guidance and predicts prognosis in patients treated
with amiodarone as it does for the evaluation of other antiarrhythmic agents.
These findings suggest that patients who develop rapid symptomatic ventri-
cular arrhythmias during an electrophysiologic evaluation of amiodarone
should be taken off this drug and managed with another treatment, e.g.,
implantation of an automatic cardioverter defibrillator or surgical ablation.

Direct comparison of non-invasive methods and invasive electrophysiologic
studies

Until head-to-head comparisons of electrophysiologic studies and non-inva-
sive methods are done, we will not know which method is preferable for drug
evaluation in patients with malignant ventricular arrhythmias. These two
methods need to be compared for predictive accuracy, efficiency and cost.
Only two such comparisons have been done, a recently completed small
study done by investigators in Calgary, Canada [34] and an ongoing
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multicenter study called ESVEM [18]. Some of the major features of these
two important trials are given in Table 2.

The Calgary trial

Between February 1983 and April 1986, Mitchell et al. in Calgary, Canada
randomized patients with symptomatic potentially malignant or malignant
ventricular arrhythmias to therapy selected either with non-invasive (Holter
recordings and exercise tests) or with electrophysiologic studies [34]. During
the study period, 124 patients presented of whom 105 survived, were not
excluded, and consented to participate. After consent was signed, baseline
studies were done off of antiarrhythmic drugs. The baseline studies included
a 24-hour continous ECG recording, exercise test, electrophysiologic study,
and radionuclide ventriculogram. For the non-invasive evaluation, patients
had to average 230 VPD/hour or have reproducible exercise induced VT
(ie., =5 consecutive VPD at a rate > 120/min). For the invasive evaluation,
patients had to have VT (=5 consecutive VPD at a rate >120/min)
resembling their clinical arrhythmia induced by programmed ventricular
stimulation. Of the 105 patients who enrolled, 57 qualified for both non-
invasive evaluation and invasive evaluation, 30 qualified for only the invasive
evaluation, 14 for only the non-invasive evaluation, and 4 qualified for
neither method of evaluation (see Figure 1). Of the 57 patients who qualified
for both methods of evaluation, 29 were randomized to the non-invasive
approach and 28 to the invasive approach. Randomization was stratified on
left ventricular ejection fraction (<40% versus >40%) and on the type of
VT induced by programmed ventricular stimulation (5 consecutive com-
plexes to 30 sec versus > 30 sec). The two groups of patients were well
matched on age, sex, etiologic heart disease, and ventricular arrhythmia
frequency. The group assigned to non-invasive assessment had lower left
ventricular ejection fractions, 34 +13%, compared with the group assigned
to electrophysiologic assessment, 39 + 16%.
The drug sequence in the Calgary study usually was:

class IA or IB (mexiletine) —~ IA +1IB — II —~ sotalol.

Table 2. Comparison of the Calgary study and ESVEM

Calgary Study [34] ESVEM [18]*
Presented with clinical arrhythmia 124 1114
Not excluded 105 779
Randomized 57 232
No drug found effective 13 63
Discharged on drug predicted effective 44 136

* Asof April 30, 1988
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When no drug predicted to be effective was found, patients were given
amiodarone and followed. Efficacy in the non-invasive approach was defined
as an 80% decrease in VPD frequency, 90% decrease in paired VPD, and
100% decrease in repetitive VPD of >3 complexes plus absence of =2
repetitive VPD during the exercise test. A drug treatment predicted to be
efficacious was found for all 29 patients (100%) assigned to the non-invasive
approach; none were given amiodarone. However, 7 patients in the non-
invasive limb were switched to amiodarone during follow-up. Efficacy in the
invasive approach was defined as fewer than 6 consecutive VPD induced by
programmed ventricular stimulation. A drug treatment predicted to be
efficacious was found for 15 patients (54%) assigned to the invasive
approach; 13 patients (46%) were given amiodarone. Electrophysiologic
testing done on amiodarone showed that all patients treated with this drug
had inducible, sustained VT. When patients developed intolerable adverse
effects of their drug treatment, they were rehospitalized for the selection of
an alternate therapy using the approach to which they were originally
randomized.

The average follow-up for the Calgary study was 27 = 13 months. The
primary endpoints for the study were the occurence of symptomatic, sustained
ventricular tachycardia or sudden cardiac death. Deaths that were not
sudden were censored. The results are shown in Table 2. During follow-up,
11 patients in the non-invasive limb and 6 in the invasive limb were
rehospitalized for the selection of an alternate therapy. Sustained VT
occurred in 45% of the non-invasive group and 18% of the invasive group.
Sudden death occurred in two patients in the non-invasive group and in one
of the invasive group. The total mortality was 19% in both groups. Thus, this
small study showed fewer non-fatal recurrences of VT in the group whose
therapy was selected by programmed ventricular stimulation, but their was
no difference in sudden death or total mortality between the groups. It
remains for larger studies to confirm the lower VT recurrence rates seen in
the group evaluated by electrophysiologic studies in the Calgary study and to
determine the association with mortality rate.

The trend toward less frequent recurrence of symptomatic sustained VT
in the group treated with drugs selected by programmed ventricular stimula-
tion was not due to treatment with amiodarone. As predicted by their
electrophysiologic assessment, the patients in the invasive group treated with
amiodarone actually tended to have more recurrences than those in the same
group treated with other antiarrhythmic drugs predicted by programmed
ventricular stimulation to be effective.

Electrophysiologic Study versus Electrocardiographic Monitoring (ESVEM)
ESVEM is a 13 center trial supported by the National Heart, Lung, and

Blood Institute to determine if electrophysiologic studies or non-invasive
methods (24-hour continuous ECG recordings and exercise tests) give more
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accurate predictions of efficacy for antiarrhythmic drug treatment in patients
who have survived one or more episodes of cardiac arrest or sustained VT
[18]. ESVEM began enrolling on October 1, 1985 and follow-up is scheduled
to be completed in 1991. The number of patients to be enrolled in the
ESVEM trial is predicted on the assertion that a 60% difference in the
median time to arrhythmia occurence between the two methods of selecting
antiarrhythmic drugs will be found. About 70 patients with arrhythmia
recurrence will provide a power (1 — B) of 0.80 to detect a 60% difference
at a significance (a) level of 0.05. Estimating the annual recurrence rate to
be 25%, it was calculated that 285 patients will have to be enrolled,
randomized, discharged on a drug predicted to be successful, and followed
an average of 2.5 years. Patients who have sustained, uniform ventricular
tachycardia in response to programmed ventricular stimulation and average
at least 10 VPD/hour during a 48-hour baseline recording period are
randomized to be evaluated either by non-invasive methods or by pro-
grammed ventricular stimulation (see Figure 1). Drugs from a set of six are

CLINICAL CRITERIA
CONSENT
48-HOUR HOLTER RECORDING

ELECTROPHYSIOLOGIC STUDY

EXERCISE TEST

RANDOMIZE
EPS LIMB HOLTER LIMB
| |
DRUG 1 DRUG 1
DRUG 2 DRUG 2
DRUG 3 DRUG 3
DRUG 4 DRUG 4
DRUG 5 DRUG 5§
DISCHARGE DISCHARGE
HOLTER & HOLTER &
EXERCISE EXERCISE
FOLLOW-UP
STUDIES

Figure 1. The design of Electrophysiologic Studies versus Electrocardiographic Monitoring
(ESVEM). EPS = electrophysiologic studies. The drugs are assigned in random order.
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randomly assigned one at the time; the investigator does not know which
drug will be assigned next until the evaluation of the current drug is
completed. Efficacy in the electrophysiologic limb is defined as failure to
induce a run of VT longer than 15 consecutive complexes. Efficacy in the
non-invasive limb is a 2 70% reduction in VPD frequency, = 80% reduction
in paired VPD, 2 90% reduction in unsustained VT, and 100% reduction in
runs of VT >15 complexes. When analysis of 24-hour ECG recordings
indicates the efficacy of an antiarrhythmic drug, a treadmill exercise test is
done using the Bruce protocol. If a run of VT > 15 complexes occurs during
exercise, the drug is declared a failure and titration resumes. When an
effective drug is found, the patient is discharged and followed until an
endpoint or the end of the study occurs.

Follow-up visits are scheduled at an ESVEM enrolling center at 1, 3, 6,
and 12 months and then every 6 months until the end of study is reached.
Study drug doses can be adjusted during follow-up to control adverse effects
or to bring the plasma concentration into the target range. The endpoint
criteria for evaluation of patients in this comparison study is the occurrence
of sudden death or the recurrence of symptomatic sustained ventricular
arrhythmias during follow-up. The primary analysis will be an actuarial
analysis of the accuracy of drug efficacy predictions based on the “intention
to teat” principle. Secondary analyses will include comparisons of the two
methods for frequency of declaring efficacy, time to find a drug predicted to
be effective, safety, and cost. Also, the relative efficacy of the study drugs and
the accuracy of the methods for predicting the outcome with each drug will
be evaluated.

The Calgary study and ESVEM will produce important information about
the sequencing of tests and treatments. If drugs predicted to fail by non-
invasive methods were always predicted to fail by electrophysiologic studies,
then, electrophysiologic studies can be reserved for patients who have non-
invasive criteria predicting drug success.

Observational studies to determine the association between ventricular
arrhythmias and mortality independent of left ventricular dysfunction

By 1981, several studies had established a statistically significant and
reasonably strong association between ventricular arrhythmias detected
between 7 and 90 days after myocardial infarction and subsequent mortality
[35—38]. These studies also indicated that the prediction of mortality by
ventricular arrhythmias was independent of clinical manifestations of heart
failure. However, these studies did not clarify definitively the relationships
among ventricular arrhythmias, left ventricular dysfunction and mortality
after myocardial infarction. These relationships were clarified by two large
multicenter studies that did 24-hour continuous ECG recordings and radio-
nuclide ventriculograms prior to discharge from hospital after myocardial
infarction.



The potential for antiarrhythmic drugs to reduce mortality 51
The Multicenter Post Infarction Program (MPIP)

MPIP was an observational study conducted by four university cardiology
groups that attempted to enroll all patients less than age 70 with myocardial
infarction in nine affiliated hospitals, located in New York City, Rochester,
N.Y.,, St. Louis, and Tucson [39]. Three special tests, i.e., radionuclide
ejection fraction, 24-hour continous ECG recording, and exercise test were
performed prior to hospital discharge. The objective of these tests was to
assess the relationships among three functional risk factors (left ventricular
systolic function, ventricular arrhythmias, and myocardial ischemia) and total
or cause-specific mortality.

Of the 867 patients enrolled, 820 had a 24-hour ECG recording and 767
patients had both a 24-hour ECG recording and a radionuclide ventriculo-
gram. The group who got both tests permitted analyses to determine the
relationships among ventricular arrhythmias, left ventricular dysfunction, and
mortality during follow-up.

During the 31 month average follow-up, 144 patients died on or before
December 31, 1982. The classification by Hinkle and Thaler was used to
assign a mechanism to each death [40]. The major categories in this classifi-
cation are arrhythmic death, death due to circulatory failure and deaths that
are not classifiable into either of the other two categories. MPIP found that
frequent and/or repetitive ventricular arrhythmias were associated with total,
sudden and arrhythmic mortality. Ventricular arrhythmias had a stronger
association with arrhythmic death than with non-arrhythmic death [41]. Low
values of left ventricular ejection fraction also were associated with total,
sudden, and arrhythmic mortality [42, 43]; the association of left ventricular
ejection fraction with arrhythmic death was substantially stronger than with
non-arrhythmic death [42, 43]. There was only a weak association between
left ventricular ejection fraction and ventricular arrhythmias after myocardial
infarction. For example, 70% of the patients with ventricular tachycardia had
left ventricular ejection fraction >30% [41, 42]. There was no interaction
between ventricular arrhythmias and left ventricular dysfunction with respect
to their mortality effects [41, 44]. Table 3 shows that the fractional step up in
mortality rate in patients with ventricular arrhythmias is identical for those
with low and high left ventricular ejection fraction indicating a lack of a
statistical interaction between ventricular arrhythmias and left ventricular
dysfunction with respect to subsequent mortality.

The Multicenter Investigation of the Limitation of Infarct Size (MILIS)

Population. MILIS was a randomized, placebo-controlled trial to determine
whether hyaluronidase or propranolol treatment given within 18 hours of the
onset of myocardial infarction could limit the extent of myocardial necrosis
[45]. MILIS was conducted in 5 hospitals: Barnes Hospital, Brigham and
Women’s Hospital, Massachusetts General Hospital, Medical Center Hos-
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Table 3. Relationship among left ventriuclar dysfunction, ventricular arrhythmias, and
mortiality rate in the MPIP observational study and for the MILIS trial

Left ventricular Ventricular® MPIP® MILIS®
ejection fraction arrhythmias - -
Number Mortality Number Mortality
rate rate
Present 72 41% 40 18%
0,
<40% Absent 184 20% 141 10%
Present 78 16% 30 8%
> 0,
40% Absent 433 8% 314 2%

* VPD frequency > 10/hour.
b Kaplan-Meier estimate of 30 month mortality rate.
¢ Average follow-up 18 months.

pital of Vermont; and Parkland Memorial Hospital. Patients below age 75
with myocardial infarction within 18 hours were enrolled. Radionuclide
ventriculograms and 24-hour continuous ECG recordings were obtained
prior to hospital discharge about 10 days after myocardial infarction and the
results were used to evaluate the relationships among ventricular arrhyth-
mias, left ventricular ejection fraction, and sudden cardiac death [45]. The
average follow-up in the MILIS report was 18 months. Of the 66 deaths in
MILIS, 29 were judged to be sudden, defined as death occurring within 1
hour of terminal symptoms (n = 16), patients found dead in bed (n = 9), or
patients who collapsed at home (n = 4).

The patients were divided into four groups based on ventricular arrhyth-
mias (VPD <10 per hour versus 2> 10 per hour) and left ventricular ejection
fraction (>40% versus >40%) [45]. The results obtained in the MILIS
sample are shown in Table 3. The step up in mortality rate attributable to
ventricular arrhythmias is not significantly different in the two left ventricular
ejection fraction groups. These results agree with those of MPIP that
ventricular arrhythmias are related to mortality independent of any relation-
ship with left ventricular ejection fraction. MPIP and MILIS considerably
strengthened the scientific rationale for a large-scale clinical trial to deter-
mine if treatment of ventricular arrhythmias after myocardial infarction
would reduce sudden cardiac death.

Previous long-term clinical trials with antiarrhythmic drugs after
myocardial infarction

In the 1970’s, several trials were conducted in patients with recent myocardial
infarction. All of these trials must be considered to be feasibility studies since
none had a sample size that provided any chance of detecting a realistic drug
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effect. The hypothesis tested seems to have been: a small fixed dose of antiar-
rhythmic drug given to all patients after myocardial infarction (with or
without the presence of spontaneous arrhythmias) will reduce mortality by
about 80%.

May et al. and Furberg [46] reviewed the long-term clinical trials of
antiarrhythmic drug therapy after myocardial infarction that met the follow-
ing criteria:

1) 100 or more patients were enrolled in the trial;

2) subjects were randomly assigned to treatment or control groups;

3) all-cause mortality was reported [46, 47].

Although a sample size of 100 is far too small to show a definitive effect on
mortality, it was hoped that a trend might be observed in studies this small.
Table 4 summarizes several important features of eight long-term clinical
trials with antiarrhythmic drugs after myocardial infarction [48—56]. Six of
the eight studies used an antiarrhythmic drug with class IB action, ie.,
phenytoin, tocainide, or mexiletine and the other two used aprindine, a drug
that is not marketed in the United States. All of the studies were much too
small to have the power to detect treatment effects of reasonable magnitude,
e.g., a 25% reduction in total mortality. Only the aprindine studies required
that patients have ventricular arrhythmias to be eligible for enrollment in the
clinical trial [55, 56]. Since only 20% or less of patients have significant
ventricular arrhythmias after myocardial infarction, the other six studies are,
for practical purposes, one-fifth as large as their total number of patients, i.e.,
none of these six studies has more than 200 patients with spontaneous
ventricular arrhythmias. Also, the drugs with class IB action are not likely to
suppress ventricular arrhythmias markedly in patients with a recent myocar-
dial infarction, especially when used in a fixed dose. Only the aprindine
studies modified the dose of the active study drug in the attempt to suppress
ventricular arrhythmias [55, 56]. and none of the eight studies permitted a
change of active drug to achieve suppression of ventricular arrhythmias or
avoid adverse effects. The drop-out rates were high in these trials, ranging
from 20 to 30% even though the follow-up period was relatively short, one
year or less in seven of the eight trials. The number of deaths was small in all
of the studies and, therefore, the precision of the estimates of mortality rates
is very low. For what they are worth, three of the studies had almost identical
mortality rates in the control and active treatment groups, three studies
showed a mortality rate that was 32 to 58% higher in the group treated with
antiarrhythmic drug, and the aprindine studies showed a 40 and 23% lower
mortality rate in the groups treated with antiarrhythmic drug. It is interesting
that the two studies that showed encouraging results only enrolled patients
who had ventricular arrhythmias and attempted to suppress ventricular
arrhythmias by dose ranging with the active treatment [55, 56].

The results of the eight small studies summarized in Table 4 fail to suggest
any benefit of treatment with antiarrhythmic drugs in unselected patients
after myocardial infarction. It may be that treatment with antiarrhythmic
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drugs does not improve survival. However, since the studies done so far do
not have nearly enough power to detect a treatment effect, a negative
conclusion is not warranted. All the previous studies were far too small to
make statements about lack of benefit and they must be regarded as
preliminary. No long-term post infarction study of over 1,000 patients with
ventricular arrhythmias has been performed to date. Also, fixed dose studies
are likely to have lower efficacy and higher adverse effects and drop-out
rates than studies that permit dose changes. Only one previous study
attempted to document suppression of ventricular arrhythmias. Unfortu-
nately, therefore, previous studies do not tell us whether it is feasible to
suppress ventricular arrhythmias after myocardial infarction under clinical
trial conditions. Both efficacy and drop outs due to adverse effects should
improve if changes in drugs and doses are permitted in the study protocol.
Because of large inter-patient variability in response to treatment, flexibility
in dosing with antiarrhythmic drugs is important to achieve a high level of
arrhythmia suppression and to avoid drop out due to adverse effects in a
study that plans to treat a group of patients. Finally, previous studies were
done before the problems of drug-induced proarrhythmia and aggravation of
heart failure were widely appreciated so that these potentially negative effects
of treatment were not carefully detected and controlled. For a variety of
reasons, previous studies of antiarrhythmic treatment after myocardial infarc-
tion do not shed much light on the efficacy or adverse effect rates.

Interestingly, in the United States, fewer and fewer patients with asymp-
tomatic ventricular arrhythmias after myocardial infarction are being treated
each year. This increasingly conservative attitude probably results from the
lack of any preliminary evidence to suggest that antiarrhythmic drug treat-
ment improves survival. If this is, in fact, the case, then there is no point in
treating an asymptomatic patient because no benefit would offset the risk of
drug adverse effects, or the inconvenience, and cost of treatment.

The Cardiac Arrhythmia Pilot Study (CAPS)

Previous studies of antiarrhythmic treatment after myocardial infarction do
not establish the feasibility of doing a full-scale trial to determine whether
treatment or suppression of ventricular arrhythmias after myocardial infarc-
tion with antiarrhythmic drugs will improve survival. Previous studies also
failed to provide some of the essential information on how to design a full-
scale trial to evaluate either a treatment hypothesis or a suppression hypothe-
sis. Therefore, the National Heart, Lung, and Blood Institute initiated the
Cardiac Arrhythmia Pilot Study (CAPS) in July 1983 to establish the
feasibility of doing a full-scale trial and to provide information on how to
design such a trial [57]. Ten enrolling centers and 27 hospitals participated.

To be eligible, patients had to be <75 years of age, have acute myocardial
infarction, have 210 VPD per hour in a 24-hour ECG recording made
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Figure 2. The design of the Cardiac Arrhythmia Pilot Study. R = randomization, ENC =
encainide, FLE = flecainide, PLA = placebo, IMI = imipramine, MOR = moricizine. Note
that patients originally assigned to drugs with class IC action crossed over to drugs with class
IA action and vice versa.

between 6 and 60 days after myocardial infarction, have a left ventricular
ejection fraction (LVEF) 220%, and sign a written informed consent. The
enrollment goal of 500 patients was achieved; 502 patients (418 men and 84
women with mean age of 59 * 9) were randomized an average of 31 days
after myocardial infarction [58].

CAPS participants were randomized to one of the five treatment ‘tracks’
(shown in Figure 2) 100 patients to each track [57]. The placebo track
provided a comparison with the active treatment strategies and a control for
spontaneous VPD variability. The four active drug treatments were selected
on the basis of:: potential efficacy, safety, and the prospect of developing new
information for planning a full-scale trial [57]. Based on these considerations,
encainide, moricizine, flecainide, and imipramine were selected for CAPS.

CAPS permitted drug and dose changes in the attempt to suppress
ventricular arrhythmias without adverse effects. The criteria for efficacy were:
a 70% reduction in VPD frequency, and a 90% reduction in runs of VT.
Each of the four active treatment tracks permitted up to three doses of two
drugs to be evaluated (see Table 5). If the first drug failed to achieve efficacy
or caused intolerable adverse effects, the patient was crossed over to the
second drug in the track. Encainide and flecainide, always crossed over to
drugs with class IA action, imipramine and moricizine, and vice versa. Thus,
encainide and flecainide, or imipramine and moricizine were never compared
in the same patient. If efficacy was reached, the patient was treated for the
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rest of the year on that drug and dose. The efficacy achieved at the end of the
drug/dose selection phase and at the end of the year of CAPS follow-up are
shown in Table 6.

Table 5. Doses of drugs used in CAPS.

Drug Dose as Mg three times a day

Low Medium High
Encainide 35 50 60
Flecainide 67 100 133
Imipramine 50 75 125
Moricizine 200 250 300

Table 6. Efficacy of treatment during CAPS

Drug % Efficacious and tolerated
At the end of drug titration Atthe end of 1 year
Encainide 79 76
Flecainide 83 77
Imipramine 52 54
Moricizine 66 61
Placebo 37 28

Adverse effects

Patients were hospitalized and carefully monitored for at least the first 48
hours of each treatment [59]. There were no differences between active
treatments and placebo with respect to adverse events. Serious adverse
effects were rare and no early deaths were ascribed to CAPS treatment. At
the beginning of follow-up, the assignments to drug treatment were: encainide,
108; flecainide, 119; imipramine, 57; moricizine, 77; and placebo, 87 [59].
About 75% of the patients remained on their assigned drug for the year of
follow-up. Disqualifying ventricular tachycardia, proarrhythmic effect, or
syncope that occurred during the follow-up phase, prompted withdrawal
from CAPS drug, and disappeared during drug washout was seen in 9% of
the patients on placebo, 7% on encainide, 7% on flecainide, 2% on imipra-
mine, and 6% on moricizine. The actuarial one-year incidence of heart failure
was 25%. There was no statistically significant difference in the incidence of
heart failure between the active treatments and placebo [59]. The discon-
tinuation rates during follow-up were: placebo, 7%; encainide, 2%; flecainide,
3%; moricizine, 6%; and imipramine, 18% [59].
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Summary of CAPS findings

CAPS showed that:

1) it is possible to identify and recruit suitable subjects for a definitive trial
to test the hypotheses that either treatment or suppression of ventricular
arrhythmias after myocardial infarction will significantly improve survival;

2) several antiarrhythmic agents were found to be well tolerated and highly
efficacious for suppressing ventricular arrhythmias after myocardial in-
farction;

3) dose titration with multiple drugs is feasible under clinical trial conditions
and improves the chance of finding effective, well-tolerated treatment;

4) two doses perform as well as three doses of encainide, flecainide or
moricizine during titration;

5) patient compliance and follow-up can be maintained for at least a year in
a post infarction cohort [59].

Cautionary note. It is important to recognize that because of the exclusion
criteria used in CAPS, one cannot extrapolate the results to the entire post
myocardial infarction population. CAPS excluded patients with VT 210
complexes, and left ventricular ejection fraction <20%. Aggravation of heart
failure or proarrhythmia might occur more frequently if patients with left
ventricular ejection fraction <20% or sustained ventricular tachycardia were
exposed to these drugs [22, 23].

Full-scale clinical trials to assess antiarrhythmic drug treatment after
myocardial infarction

Two full-scale clinical trials of antiarrhythmic drug treatment of asymptomatic
ventricular arrhythmias after myocardial infarction are underway — the
Cardiac Arrhythmia Suppression Trial (CAST) [60] and the Spanish Sudden
Death Trial. These two important trials are described in detail elsewhere in
this volume. CAST will provide a definitive answer about the efficacy and
safety of drugs with class I antiarrhythmic action and the Spanish trial will
provide definitive information about the efficacy and safety of amiodarone. A
pilot trial with amiodarone has been done in Canada and a full-scale trial is
tentatively planned to follow. Hopefully, the results of these controlled
clinical trials will provide us with badly needed information that will guide
the treatment of post infarction ventricular arrhythmias in the future.
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6. Value of beta-blockers in the treatment of
ventricular arrhythmias

NINA REHNQVIST

Drugs with beta adrenergic blocking action are classified into Class II of the
Vaughan Williams Classification. According to this, their general effect is on
phase 4 on the mono action potential. The value of beta-blockers in treating
arrhythmias would with this concept be mainly arrhythmias due to increased
automaticity. However, the most common underlying mechanism for ventri-
cular arrhythmias is the reentry phenomenon where phase 4 depolarisation
has no meaningful contribution. In contrast to this, certain beta-blocking
drugs are so far the only drugs able to generally improve prognosis when
given to patients prone to sudden death. The studies where this has been
documented are particularly in the postinfarction patients but also in acute
ischemic heart disease a positive effect on survival has been observed. The
mechanism behind this is probably that the reentry plenomenon in these
patients is dependent on noradrenaline [1]. Among the beta-blockers there is
also the drug sotalol which in addition to Class II action carries Class III
effects. During long-term therapy metoprolol also has been shown to have
this effect [2].

Effects on single ventricular ectopic complexes

Based on the early studies in the CCU premature ventricular complexes
(PVCs) have been considered to be markers of an unfavourable prognosis in
heart disease [3]. Therefore many studies have dealt with the suppression of
single monoform or multiform PVCs without taking the prognostic aspects
into consideration.

Both selective and nonselective beta-blockers with and without intrinsic
sympathetic activity (ISA) have been shown to suppress PVCs associated
with increased sympathetic tone such as exercise induced PVCs both in
patients with and without ischemic heart disease [4—6]. We have compared
sotalol with procainamide in patients with frequent PVCs. Sotalol was
superior in suppressing the number of PVCs in the study population and
especially effective in patients with ischemic heart disease (IHD) [7].

In postinfarction patients the natural course regarding asymptomatic

A. Bayés de Luna et al. (eds.): Sudden Cardiac Death, 63—69.
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ventricular arrhythmias is worsening both in numbers of PVCs and in their
severity. This development is counteracted by prophylactic beta-blockade by
metoprolol, propranolol or timolol [8—10]. There is also an immediate
antiarrhythmic effect after 3 days of metoprolol therapy [4]. We have com-
pared the effect on ventricular arrhythmias in an angina pectoris population
where the mean number of PVCs was reduced after one month of treatment
both with the calcium-antagonist verapamil and metoprolol, whereas ST-
depressions seemed to be more influenced by metoprolol than verapamil.

PVCs due to digitalis intoxication seem to be dependent on sympathetic
tone since an excellent effect is observed when propranolol has been given
although restraint is advocated since asystole may result [11, 12]. Single
PVCs may also be troublesome in patients with the mitral valve prolapse. In
this entity autonomous imbalance seems to be one contributing factor to the
genesis of palpitations and therapeutic effects have been good without severe
side effects and above all without a high incidence of worsening of the
arrhythmia which may be encountered by traditional antiarrhythmic drugs
[13]. A properly conducted comparative study has however not been per-
formed in this condition. Furthermore the indications for treating the ECG in
these patients seldom are very convincing [14].

Apart from the comparison of sotalol and procainamide various beta-
blockers have been compared to various antiarrhythmic drugs. The antiar-
rhythmic efficacy in general tends to be somewhat lower in uncompromised
patients with PVCs of various origins compared to Class I drugs. However,
arrhythmogenic effects also seem to be higher in the general arrhythmia
populations for Class I drugs compared to at least metoprolol which may be
the only drug for which the confidence interval to arrhythmogenic effect does
overlap 1.0 that is the arrhythmogenic effect is not proven (Table 1) [15].
However, naturally great caution is to be observed when treating patients
with harmless disturbances on the ECG with any of these potentially
dangerous drugs.

Table 1.
Arrhythmia Arrhythmogenic effects% CO Change
suppression%
—CHF +CHF
Class 1A 75 3 520 —20
IB 60 2 5—10 —15
IC 80 6 10—15 —15
II 50 5 1-10 +25
III 70 1 5—15 —10

Estimation of the degree of suppression in numbers of premature ventricular contractions
PVCs and arrhythmogenic effects with and without congestive heart failure CHF. The change
in cardiac output CO refers to patients with ischemic heart disease.
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Repetitive forms/ventricular tachycardia

The repetitive forms of ventricular arrhythmias and especially ventricular
tachycardia (VT) have been shown to be associated with a poor prognosis in
various heart diseases such as hypertrophic cardiomyopathy, congestive
cardiomyopathy, ischemic heart disease, long QT-interval, mitral valve pro-
lapse and also left heart failure of undefined origin [16]. It seems as though
the occurrence of asymptomatic repetetive ventricular arrhythmias is a
marker of a more severe heart disease. The depression of the arrhythmia is
possibly also a market that prognosis has been influenced [17, 18]. Both
beta-1-selective drugs and nonselective beta-blockers with and without Class
III action have been shown to reduce both the occurrence of VT and the
induction of VT during electrophysiologic stimulation in patients with
congestive heart failure and undefined left ventricular failure, ischemic heart
disease, the long QT-interval and mitral valve prolapse whereas patients with
hypertrophic cardiomyopathy did not respond equally well (Table 2) [6, 11,
19, 20]. In the electrophysiology study laboratory Nademanee studied i.v.
sotalol in 37 patients with refractory VT/VF. Lv. sotalol prevented 46% of
induced attacks. During long term follow up in 11 patients both the number
of PVCs and VTs were significantly reduced and the number of beats in the
VTs was reduced by 95% [21].

The arrhythmia responsible for reccurrent sudden death has naturally
more often been registered as VT than VF. The reason for this is probably
due to the patient selection. However, also in patients with reccurrent VT
beta-blockers have been able to improve prognosis when the underlying
disease is mitral valve prolapse or the long QT syndrome [22—25].

Postoperative arrhythmias
The postoperative phase of particularly cardiac surgery is associated with
both supra ventricular and ventricular arrhythmias responding better to beta-

blockade than conventional antiarrhythmic drugs [26, 27]. Furthermore,
many patients referred for cardiac surgery have been treated with beta-

Table 2. Effect on arrhythmia

Class I II 111 ACE
HCM + 0 + 0
DCM + + + +
IHD + + + 0

Comparison on various classes of antiarrhythmic drugs and ACE-inhibitors in hypertrophic
cardiomyopathy HCM, dilated cardiomyopathy DCM and ischemic heart disease IHD.
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blockers for angina pectoris, hypertension or as postinfarction prophylaxis.
In these patients the incidence of arrhythmia is greatly reduced if the beta-
blockade is not withdrawn [28].

Ischemic heart disease and ventricular fibrillation (VF)

The condition most often responsible for sudden death is ischemic heart
disease. Most of these patients do not suffer from a new myocardial infarc-
tion, rather a new ischemic event is responsible. All efforts to reduce
arrhythmias in this aspect with antiarrhythmic drugs have so far failed if
caution has not been taken to identify an antiarrhythmic response. Gener-
alized prophylactic treatment with beta-blockade however has been shown to
improve prognosis both in the acute phase and chronic phase [29] (Table 3).
In the acute phase the underlying mechanism may not be the arrhythmia
suppression since only the early metoprolol study showed a reduced inci-
dence of ventricular fibrillation [30]. In the ISIS II study and the MIAMI
study ventricular fibrillation did not seem to be influenced rather the pro-
phylactic effect was considered to be due to reduced myocardial work and
maybe reduced incidence of rupture [31, 32]. However in other studies
where beta-blockade has been withdrawn during the acute myocardial
infarction the incidence of ventricular fibrillation has increased [33]. Inter-
estingly enough the marker PVCs are reduced both in the early phase and
later when metoprolol is given in the acute myocardial infarction [34].
Whether acute beta-blockade acts as an antiarrhythmic drug or not may not
be generalized to all beta-blocking drugs. Pharmacokinetics may differ and
lipid solubility may be one prerequisite for an antiarrhythmic action in the
acute phase of ischemic heart disease.

During chronic treatment both the incidence and numbers of single PVCs
are reduced as has been mentioned before. The most important point
however is that sudden death is reduced by 30% by generalized postinfarc-
tion prophylactic treatment with the lipophilic beta-blocking drugs proprano-
lol, timolol and metoprolol [35]. That sudden death in these instances most

Table 3. Effect on mortality

Class IA 1B IC 1 I v
HCM 0 0 0 0 0 0
DCM 0 0 0 + ) 0
THD - — — e 0 0
LQTs - — — R 0 0

Comparison of effects on mortality by the various classes of antiarrhythmic drugs in
hypertrophic cardiomyopathy HCM, dilated cardiomyopathy DCM, ischemic heart disease
IHD and the long QT syndrome LQTs.
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often are instantaneous deaths indicates that an antiarrhythmic effect is in
fact present. These super acute arrhythmias are associated with disturbances
in the autonomic tone and even though in the very early phase of acute
myocardial infarction vagal tone may be of higher importance than sympa-
thetic tone the balance is influenced by beta-blockade. In my opinion there is
little doubt that in the event of a new ischemic event, prophylactic beta-
blockade with the above mentioned drugs reduces the risk for ventricular
fibrillation. Whether these drugs also influence the triggers is not yet clarified.

Withdrawal

When beta-blockade is withdrawn sudden death may occur in patients with
ischemic heart disease. In our study when beta-blockade was withdrawn in a
controlled fashion over 2 weeks, arrhythmias were greatly increased during
the withdrawal phase and incidents of VT occurred [35]. This also substan-
tiates or underlines the suggestion that there is an antiarrhythmic effect.

Combination with other drugs

When conventional antiarrhythmic drugs fail they may be combined with
beta-blockers. This has successfully been done in several studies. The drugs
used have been quinidine, procainamide, mexiletine, disopyramide and
tocainide and for each of these, studies can be found in which an additive
effect has been observed. However the obvious risk of an arrhythmogenic
effect is to be observed. However the doses can be kept lower than with one
single drug and side-effects may in some cases diminish [12, 36, 37, 38].

Summary

Ventricular arrhythmia in patients with heart disease indicates a poor
prognosis. The only drugs in which an improvement of prognosis on general
prescription basis has been observed is for the beta-blockers. However, also
for beta-blockers an antiarrhythmic response may indicate that the drug has
been particularly effective, as has been shown by Class I antiarrhythmic
drugs.
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7. Psychological stress and sudden cardiac death

S. GARCIA-SANCHEZ, J. GUINDO and A. BAYES DE LUNA

Several research lines over recent years (Table 1) are strongly beginning to
demonstrate that the influence of psychological stress on sudden death is
more folk wisdom than folklore [1], and should be taken more seriously.
Several excellent reviews on this topic have in fact been published [2—10].

Studies in animals

In recent years, the works of Lown and Verrier et al. [11—14], Skinner et al.
[15] and Parker et al. [16] have defined the role of behavioral stress in
precipitating ventricular arrhythmias in animal models, concluding that
higher nervous activity triggered by psychologic factors can significantly
affect cardiac electrophysiologic properties and may result in lowering the
threshold for ventricular fibrillation, the underlying basis for sudden cardiac
death [4].

In these experiences, both aversive conditioning with mild electric shock
and induction of an angerlike state in dogs by denial of access to food
decreased the vulnerable period threshold to ventricular fibrillation (VF) by
40%—50% [9]. The finding that VF was induced more easily during an
experimentally induced coronary occlusion-release sequence in dogs when
exposed to an aversive sling environment [14] is compatible with the obser-
vation that a non aversive environment protected pigs against reperfusion
induced VF [15, 16].

Richter [17] observed that the situation of physical restraint in rats, of
being hopelessly trapped, led to severe fear and rage reaction and, finally, to
giving up, slowing heart rate and sudden death. This model of uncontrolla-
bility and inhibition has also been observed in other diseases, such as gastric
ulcer [18].

Cortical and subcortical electrical stimulation in dogs has been related to
life-threatening arrhythmias [3], and nervous cryoblockade from the frontal
cortex to the brainsteam has delayed or prevented VF during stress in pigs
[16, 19], as observed following left stellectomy [20].

A. Bayés de Luna et al. (eds.): Sudden Cardiac Death, 71-81.
© 1991 Kluwer Academic Publishers, Dordrecht.
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Table 1. Example of several research lines on stress and sudden cardiac death

Research line Ventricular Coronary Platelet
arrhythmias vasomotor tone function

Animals Behavioral stress [11—18] [13,25] [26]
studies CNS stimulation [3,16,19]

Pharmacological

interventions

during stress and [21—24]
Humans Ventricular arrhythmias during emotional stress testing [33, 40]
studies Long QT syndrome [3, 34—38]

Psychosocial factors and sudden cardiac death in post-myocardial infarction

patients:

retrospective [1,31—33, 41—44]

prospective [45—48, 55]
Patients resuscitated following ventricular fibrillation [4]
Behavioral interventions in patients at risk of SCD [49, 51, 54]

CNS: central nervous system

Pharmacological studies [21] have shown that beta-blockers and also
diazepam protected against malignant ventricular arrhythmias associated with
acute coronary artery occlusion in dogs exposed to light, sudden noise and
electrical shock stress. DeSilva et al. [22] have observed that pretreatment
with morphine accentuated vagal tone and completely prevented a decrease
in the vulnerable period threshold during stressful environmental conditions.

Administration of tryptophane (a serotonine precursor) and monoamino
oxidase inhibitor (IMAO) decreases vulnerability to VF [23], probably due to
the effect of serotonine in CNS decreasing sympathetic flow to the heart [24].

While nonspecific emotional arousal or defense reactions increase coro-
nary blood flow as in physical exercise, denial of access of food and
consequent anger are associated with a progressive increase in coronary
vascular resistance. Verrier el al. [25] have observed that this increase
persists for 10 to 15 min after the anger episode, when heart rate and arterial
pressure have returned to control levels, suggesting emotionally triggered
primary coronary vasoconstriction.

Pathologic examination of rats exposed to heat, electrical shock, intense
light, sound or audio presentation of noisy ratcat fights showed coronary
occlusion due to platelet thrombi and fibrin deposits [26)].

Studies in humans

Anecdotal evidence has accumulated over many years regarding sudden
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death in humans exposed to certain psychosocial conflicts, and prospective
studies on this topic have been performed in recent years (Tables 2, 3).

Anthropological reports of death after voodoo practices, collected by
Cannon in 1942 [27], are related to the much more recent descriptions of
‘entrapment without exit’ [4] or animal ‘helplessness’ [28]. In fact, when a
person believes he is under the effect of voodoo, the community withdraw
social support, and he sees death as the only way out of his unbearable
loneliness. Once he accepts the inevitability of death the community come
back, encouraging him to accept this form of exit [29].

From newspapers and colleagues’ reports, Engel [1] collected 170 exam-
ples of emotional life settings in which sudden death was described to occur;
for example, following the impact of death of someone close, under threat of
loss of a close person, during mourning or on an anniversary, on loss of
status or self-esteem, personal danger or threat of injury, after the danger is
over, or even during reunion, triumph or a happy ending. What these
emotional situations have in common is that they are impossible to ignore
and evoke overwhelming excitation combined with lack of control.

Weisman and Hackett [30] described a predilection to death among

Table 2. Example of psychosocial determinants of sudden cardiac death

Low education- — no college education [48]; less than 8 years of schooling in

socioeconomic status the presence of complex ventricular premature beats [46]

Type A behavior pattern — only for SCD 1 hour after the onset of acute symptoms [47]

Less social support — not married [50, 58], women with fewer children 58]

Psychiatric history — depression [58, 59], schizophrenia [58]

Educational incongruity — women with more years education than husbands [58]

Life changes — widowing [42, 43|, retirement [44], more life events [41]

Hopelessness — in animal studies: giving up after uncontrollable stress, slow
heart rate and death [18]

Entrapment without exit — Voodoo-like practices [27], biographic circumstances [4]

Sisyphus pattern — individual strivess incessantly with no chance for satisfaction
or success [10]

Predilection to death — convinced that death is not only inevitable but desirable [30]

Table 3. Prospective studies on psychosocial determinants of sudden cardiac death in post-
myocardial infarction patients

Authors (Year/Ref.) N Follow-up  Factor Risk SCD
Weinblatt et al. 1978 [46] 1,739 3yr. Less 8 years schooling X 3.3
Marmot et al. 1978 [48] 17,530 7.5yr. Low work qualification X 3.6
Ruberman et al. 1984 [47) 2,320 3yr. Social isolation/low education X 5
Brackett et al. 1988 [55] 1,012 4.5yr. Type A behavior X 1.5

Low socioeconomic status X 3.1
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critical surgical patients who regarded their impending deaths without anxiety
or depression and were convinced that death was not only inevitable but
desirable.

Sudden cardiac death may also occur during stressful situations such as
sexual intercourse [31] or the first day of medical school [32] even in subjects
without CAD.

Lown [33] has described the case of a patient with psychiatric problems
and normal coronary arteries experiencing VF twice and numerous PVB,
which were provoked by psychophysiologic stress testing (interviews) and
reduced by beta-adrenergic blockade, phenytonin and digitalis.

In relation with the descriptions of death on an anniversary or recall of
past negative emotional events [1], Figure 1 shows the case of a woman who
presented a bidirectional ventricular tachycardia during exposure to a choice-
reaction time stress test of uncontrollable basis, and who repeated the
presentation of frequent isolated premature ventricular contractions, couplets
and runs of ventricular tachycardia several hours later while mentally
remembering and describing the previous stress situation to a friend. The
clear involvement of such life-threatening ventricular arrhythmias in a condi-
tioning reflex process is noteworthy. This arrhythmia was not observed in
two previous conventional 24 hours Holter monitorings, therefore pointing
out the usefulness of this kind of emotional stress testing [69)].

The normal response to arithmetical mental stress is shortening QT even
in absense of a simultaneous increase in ventricular rate, as has been shown
in patients with permanent pacemaker [34, 35]. In long QT syndrome,
sounds, pain, anger, or fright [3, 36—38] can trigger syncopal attacks.
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Figure 1. (A) Continuous Holter monitoring recording showing sinus rhythm at rest with
some isolated PVBs. (B) Bidirectional VT during psychological stress testing (uncontrollable
choice-reaction time task), which obliged to stop the test. (C) Reapparence of frecuent PVBs
and couplets on recalling of past emotional event when explaining to friends. (D) Sinus ryhthm
during sleep, with some isolated PVBs.
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Neurosurgical procedures in the young without coronary artery disease
induce long QT and decrease T waves [39]. Wolf [10] has described a
Sysiphus pattern characterized by incessant striving without satisfaction after
success very similar to Type A behavior pattern. In a serie of these men who
were also emotionally depressed he observed prolongations of QT interval.

Lown [4] has formulated a tridimensional model to explain the psychophy-
siologic aspects of sudden cardiac death based on a retrospective study of
117 patients succesfully resuscitated after ventricular fibrillation and evalu-
ated by a interdisciplinary group. The three dimensions are:

1. The presence of electrical instability of the myocardium, usually due to
ischemic heart disease, whether symptomatic or not;

2. The presence of a psychological state of entrapment without possible exit
intense enough to pervade and burden daily life;

3. A proximate psychologic trigger for the ventricular arrhythmia, which was
present in patients with less demonstrable heart disease, consisting in the
majority of cases of anger- related conflicts occuring less than one hour
before the onset of the arrhythmia.

In a group of 20 patients with complex premature ventricular contractions

we have observed [40] that a special biographic situation of ‘entrapment

without exit’ (no way out in work, personal or familiar areas) happens much
more frequently in patients without structural heart disease (6 of 12 cases)
than in arrhythmic patients with heart disease (1 of 8 cases). The same
patients score more depressive on the Minnesota Multiphasic Personality

Inventory (MMPI) and Beck questionnaires.

By interviewing spouses or next of kin of individuals dying suddenly from
myocardial infarction, Rahe et al. [41] found that in the 2 years prior to
sudden death there was a 143% increase in the SRE scale (schedule of recent
events) of 42 items. Furthermore, bereavement, specially among males [42,
43], and also retirement [44], has been associated with sudden cardiac death.

In a prospective study in post-MI patients, Follick [45] observed a direct
relationship between self-reported distress levels (measured by the SCL-90
inventory) and occurrence of premature ventricular contractions. There are
also several prospective studies relating increased risk of SCD with low
education [46, 47], social isolation [47] and low work qualifications [48].

In a longitudinal study [49], the simple telephonic monitorization of
psychological wellbeing in a sample of 453 post myocardial infarction
patients was associated with a 47% decrease in mortality in comparison with
a control group (4.4% vs. 8.9%). Another example of the importance of
social support as a buffer of stress consequences is being married, which has
been associated with decreased mortality in post-MI patients [50]. The main
objective of self-help groups is to develop this social support.

Powell et al. [51] have found that reduction of type A behavior [52]
decreases reinfarction but not mortality. In any case, the hostility component
of this pattern of behavior is more related to mortality [53] than time urgency
or other components.
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It has been observed [54] that transfer from a coronary care unit to a
general ward has been associated with emotional disturbances, increase in
catecholamine excretion, reinfarction and serious ventricular arrhythmias,
and specific psychological preparation is associated with fewer cardiac or
emotional complications.

The latest demonstration of a direct relationship between psychosocial
stress and SCD in a large prospective study has been made by Bracket and
Powell [55]. Using data from the Recurrent Coronary Prevention Project (a
4.5 year prospective clinical trial of 1,012 postinfarction patients in San
Francisco started in 1978) these authors found that SCD, defined as death
occurring within 1 hour of the onset of acute symptoms, had predominantly
psychosocial predictors, such as type A behavior (hostility and time urgency)
[52], absence of a college education and low socioeconomic status, apart
from anterior myocardial infarction. Nevertheless, nonsudden cardiac death
and nonfatal reccurrences were predominantly predicated by biologic factors
such as severity of angina or abstinence from alcohol. Besides, this study
concludes that the risk of sudden death in a postinfarct patient can be
reduced by reduction in the degree of type A behavior. Benson et al. [56]
have shown that the relaxation response can reduce ventricular arrhythmias
through autonomic nervous system influences, which could explain this
results.

Nevertheless, Regland and Brand [57] have shown recently that persist-
ence of type A behavior after a MI could predict less mortality after acute
episode.

Talbot et al. [58] reported that women who died suddenly were less often
married, had fewer children, had greater educational incongruity with their
spouses and presented more psychiatric disorders than controls.

Physiopathologic implications

Combination of long standing depression and acute emotional disturbances,
which has been proposed as psychophysiological basis of sudden death [4,
59], could provoke neurovegetative responses involving both the fight-flight
(sympathetic adrenal-medullary system) and conservation-withdrawal re-
sponses (pituitary-adrenal-cortical system) [60, 61]. Corticoids increase the
vassopresive action and myocardial degeneration experimentally induced by
catecholamines [26]. Furthermore, sympathetic adrenal-medullar activity can
facilitate electrolytic changes such as hypokalemia [62] previously induced by
adrenal-cortical activation in depressive states [60], precipitating ventricular
arrhythmias [63] (Table 4).

In fact, tricyclic antidepressants do not have the cardiac toxicity at
therapeutical doses previously supposed [64], and can even have an antiar-
rhythmic effect, as has been observed in the CAPS study with imipramine
[65]. For this antiarrhythmic effect of imipramine the patient need not be
depressed, and its mechanism of action can be central or peripheric [66].
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Table 4. Psychophysiological mechanism involved in sudden cardiac death

Psychological level: Chronic depression + Acute emotional triggering (anger, fear . . .)
Physiological level: !
Adrenal: cortical +  medular
Hormonal: cortisol +  catecholamines
Electrolytic: I K* + IK*
ANS: vagal +  sympathetic (alpha)
ECG: Long QT +  short QT
!

Vulnerable myocardium
!
Sudden cardiac death

That acute anxiety could be involved in triggering sudden death is
supported by the observations of Bayeis de Luna ef al. [67] who describe
sinus tachycardization prior to sudden death from ventricular tachycardia.

Why education protects against sudden death is still unknown. Apart from
better therapeutic and preventive compliance and access to better health
services, education perhaps facilitates resources for coping with psychosocial
stress. Association of low education with hostility, ambition, and time
urgency (type A behavior pattern [52]) could suppose higher stress to gain
social status that could lead to overfunction and disruption of integrating
nervous system of cardiovacular function.

In effect, in a group of asymptomatic healthy subjects, we have found by
multiple regression analysis considering several individual differences (age,
sex, education, type A behavior, psychiatric disturbances by General Health
Questionnaire, and basal blood pressure), that the function of more type A
behavior pattern (Framingham scale) and less years of schooling is the only
equation entering a predictive model of cardiovascular hyperreactivity. This
equation is associated to greater increase in diastolic blood pressure (and not
heart rate or systolic blood pressure) during exposure to a laboratory test
consisting of a choice-reaction time stress of uncontrollable basis [68]. This
diastolic blood pressure increase could be associated to a higher alphaadren-
ergic tone [69], which could be implied in coronary constriction, ischemia
and sudden cardiac death.

Preventive implications

All this evidence on psychosocial determinants of sudden cardiac death

indicates that some preventive measures in high risk patients should be taken:

1. Depression, not only anxiety, must be correctly diagnosed and treated,
with tricyclics if necessary.

2. Social support must be movilized. Group programs can be useful in post-
MI patients.
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3.

Hostility and anger components of Type A behavior pattern should be
dealt with by specific intervention (personal counseling, group meetings
on life values and relaxation training).

Education on coronary risk factors and stress management should be
specifically increased in patients with less schooling.

Betablockers can be specially helpful in long-QT syndrome, in patients
with increasing ventricular arrhythmias under emotional stress testing,
and in hostile type A behavior pattern subjects.

Efforts to reduce psychological stress in coronary patients are important
from the point of view of effective sudden death, decreasing not only for
theoretical reasons.
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8. Acute and chronic components of ischaemia
in acute ischaemic syndromes

ATTILIO MASERI

It is now established that thrombosis plays a major role in acute ischaemic
syndromes. Thrombosis develops for causes still incompletely understood, on
an atherosclerotic background of very variable severity, and leads to a chain
of events which often, but not invariably, results in permanent organ damage
or death.

When considered in broad terms as a single disease entity, ischaemic heart
disease appears to have a very variable, unpredictable onset and course,
often punctuated by occasional, usually unheralded, catastrophic events
caused by acute ischaemic stimuli.

It is commonly assumed that, by and large, the disease has a long
preclinical course and a certain ‘threshold’ above which ischaemic heart
disease becomes more frequent. However, this assumption requires qualifica-
tion, as it would be useful to establish whether the disconcerting variability of
course and outcome results just from random chance on a sub-clinical,
gradually progressive evolution, or whether it also reflects an important
heterogeneity of prevailing mechanisms.

The consideration of pathogenetic components of ischaemic syndromes
should lay the basis for any future attempt to identify clinical subsets with
better defined prognosis.

In order to understand the relative contribution of various pathogenetic
mechanisms to ischaemic syndromes, it may be useful to identify the individ-
ual pathogenetic components. Indeed major distinct components can be
identified in the pathogenesis of acute ischaemic syndromes:

— The atherosclerotic background, which develops slowly over a period of
years, presumably as a result of a variety of injuries to the vessel wall and
of variable blood-vessel wall interactions.

— Acute ischaemic stimuli which occur occasionally and usually unpre-
dictably in the presence of a very variable atherosclerotic background.
Their very rare occurrence must be the result of very rare events or of the
coincidental occurrence at the same time of multiple, relatively rare,
unfavourable events and cannot be explained by alterations which are
fairly common or occur frequently [1].

A. Bayés de Luna et al. (eds.): Sudden Cardiac Death, 83-86.
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— The variable response of the heart to ischaemia, particularly in terms
of supply of blood via collateral vessels and development of fatal
arrhythmias (Figure 1).

In this presentation I will outline the components related to ischaemic

stimuli.

The acute ischaemic stimuli

The discrepancies between severity of coronary ‘atherosclerosis’ and signs

of myocardial ischaemia in age- and sex-matched case controls and in

population studies are too commonly reported and too obvious to be
dismissed as an artefact resulting from inaccurate assessment either of
coronary anatomy or of the signs and symptoms of myocardial ischaemia.

Therefore, ischaemic stimuli must represent a major, though often elusive,

link between the very variable pre-existing ‘atherosclerotic’ background and

acute myocardial ischaemic events.
Acute myocardial ischaemia can result from two types of stimuli:

a) excessive increase of myocardial oxygen consumption in the presence of
limitation of coronary blood flow — secondary to increased myocardial
demand. In this case the coronary circulation plays a predominantly
passive secondary role as the acute ischaemic stimulus is in the myocard-
ium. Myocardial ischaemia is simply the consequence of alterations,
usually chronic and stable, already established in the coronary circulation;

b) sudden reduction of regional coronary oxygen supply which depends on
active transient processes taking place in the coronary circulation. These
processes can be due to a variety of causes and all lead to a primary,
sudden reduction of coronary supply.
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A given stimulus can be the only cause of ischaemia for some patients, but
often different stimuli occur in the same patient at different times or in
combination at the same time.

Ischaemic stimuli caused by a primary acute impairment of coronary flow
are much more likely to cause catastrophic coronary events. In particular, the
most dangerous acute ischaemic stimuli are coronary thrombosis and spasm
because they can cause sudden coronary artery occlusion and massive
ischaemia. Coronary thrombosis was traditionally considered as synonymous
with infarction, however, nowadays it is recognised as a very dynamic
process which plays a major role, possibly in combination with some form of
coronary constriction, not only in myocardial infarction and in sudden
ischaemic cardiac death but also in those patients with recent onset and
worsening of angina requiring aggressive management. Small fresh mural
fibrinplatelet thrombi can also be found at the site, or within fissured
“atherosclerotic” plaques, in about 10% of a random sample of individuals
who died of non-cardiac causes, and in 20% of those with a history of
hypertension, diabetes, hypercholesterolaemia. Conversely, in a few instances
no fissure can be found at the site of coronary thrombosis. The existence of
coronary artery spasm could be demonstrated in patients with variant angina
because in these patients it occurs often and it can be reproduced by
provocative tests. Spasm can occur both at the site of angiographically
normal arteries and at the site of plaques reducing the lumen up to 90%. The
susceptibility to develop spasm in response to ergonovine challenge [2] was
found to be much higher in unstable angina (38% of the cases) and in recent
infarction (20%) than in old infarction (6%), stable angina (4%) or atypical
chest pain (2%). However, the role of coronary spasm in occasional acute
ischaemic syndromes other than variant angina is difficult to ascertain
because spasm is an ischaemic stimulus even more sudden and elusive than
thrombus.

In patients with acute infarction angiography showed that, after thrombo-
lytic therapy, the severity of the residual stenosis in the infarct-related
coronary artery is only mild in about 20% of patients with first myocardial
infarction, consistent with their sudden presentation with ischaemic heart
disease [3] and the pre-existing stenosis at the site of thrombosis could have
been even milder if thrombolysis was not complete. The comparison of the
severity of stenoses in infarct-related artery after thrombolytic therapy with
that found in the absence of thrombolytic therapy is revealing [4]. In the
absence of thrombolytic therapy a much small number of vessels recanalize
spontaneously and the stenosis of the infarct-related artery is mild in about
10% of the cases, but on the whole obstruction or very severe stenosis of the
infarct-related artery remains after infarction in the absence of thrombolytic
therapy. Therefore, ischaemic stimuli leading to the formation of coronary
thrombus, but not necessarily to infarction, often do not occur at the site of
pre-existing flow-limiting stenoses, and can lead to sudden progression of
coronary artery ‘atherosclerotic’ obstruction, when the thrombus is incom-
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pletely lysed. Myocardial infarction with angiographically ‘normal’ coronary
arteries, without critical stenosis or with single vessel disease is more
frequent in young patients without previous ischaemic heart disease. Thus,
some of the older patients with a previous history of ischaemic heart disease
who come to medical attention with severe multi-vessel disease might also
have had repeated episodes of occasional thrombus with or without infarc-
tion in the past and thus the severity of a coronary artery obstruction could
be the result of old ischaemic stimuli rather than only its cause.

Acute ischaemic syndromes happen only occasionally in the life of a
patient. Therefore their cause cannot be explained by any of the fairly
frequent causes [1]. The precise understanding of the causes of sudden
coronary occlusion remains a major challenge.
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9. Markers and trigger mechanisms of sudden
cardiac death
Exercise and sports activity

F.FURLANELLO, R. BETTINI, G. VERGARA, A. BERTOLD],
M. DEL GRECO, G. B. DURANTE and L. FRISANCO

Background

Exertion-related cardiac arrest and sudden death may happen both in
cardiac patients and in subjects without evident heart disease. This latter
group includes young athletes who are also competitive and at a high level of
sports activity with asymptomatic cardiopathy [1, 2, 3, 4, 5, 6, 7, 8|. Exertion
and sports activity-related cardiac arrest is typically a primary arrhythmic
event [9] due to electrical destabilization of underlying heart disease or to
primary arrhythmic disorders. Several reports have indicated that there is a
small correlation between vigorous exercise and cardiac arrest (CA) —
sudden cardiac arrhythmic death (SCAD) in the general population. This
correlation ranges from 9 to 17% of all sudden death [10, 11, 12] and is
about 11% of patients resuscitated from out-of hospital cardiac arrest due to
ventricular fibrillation [9]. However, in young athletes, a cardiac arrest/
SCAD is normally sports activity-related [1, 8|. In fact, serious arrhythmic
patterns are possible in athletes during or immediately after athletic activity
(post-exertion vulnerable period). These manifestations may cause critical
symptoms and/or haemodynamic repercussions which include presyncope,
syncope, hyperkinetic or hypokinetic cardiac arrest, aborted sudden death
which, if not resuscitated, may lead to sudden death [2].

Exertion-related cardiac arrest/SCAD appears to be confined to patients
with structural heart disease or primary electrical disorders. Beyond the age
of 35 years 90% of the victims have atherosclerotic coronary heart disease
[13,14,15].

Indeed in young active athletes many types of so called ‘silent arrhyth-
mogenic cardopathy’ are possible [1, 2, 4, 5, 8, 16]. This latter condition is
characterised by morphostructural or only electrical anomalies of such minor
significance from a haemodynamic standpoint that high-level athletic results
may be obtained. However, there is the possibility of electrical destabilisa-
tion, primarily during or after the athletic activity.

The most important information about silent arrhythmogenic cardiopathy
of the young athletes is based both on the pathological examination of the

A. Bayés de Luna et al. (eds.): Sudden Cardiac Death, 87-98.
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athletes who died suddenly [5, 16], and on the arrhythmologic studies of the

subjects with aborted sudden death or malignant arrhythmic manifestations

which were sports activity related [1, 2, 4, 17]. At present the background of
the silent arrhythmogenic cardiopathy of the athletes may be confined to the
following heart diesases or primary electrical disorders:

1) coronary heart diesase which was mainly atherosclerosis but which also
included congenital anomalies of origin or of course;

2) cardiomyopathy, particularly hypertrophic cardiomyopathy, arrhythmog-
enic right ventricular dysplasia and dilated cardiomyopathy;

3) myocarditis (active, healing, healed);

4) mitral valve prolapse;

5) conduction system disturbances;

6) WPW syndrome;

7) long QT syndrome.

The identification of the silent cardiopathy in the competitive athletes has
led to the development of some preparticipation screening studies [18] and to
the formulation of cardio-arrhythmological study protocols. These protocols
may be applied, in a sport Arrhythmologic Centre, to the individual athlete
with arrhythmias in order to identify the subject at risk of sudden death [1, 2,
3,4,17].

The aim of this work is to answer the following questions:

a) can sports activity by considered a frigger of electrical destabilization in
competitive asymptomatic athletes with silent arrhythmogenic cardio-
pathy?

b) is it possible to reproduce in a cardiological laboratory the most severe
symptoms which are sports-activity related and/or to single out the
markers of the risk?

The present study concerns a wide experience from 1974 to 1988 which
is based on a cardioarrhythmological study protocol for the athlete and
which has previously been decribed [1, 2, 4]. In this paper we only report on
the most important symptoms and/or arrhythmic manifestations which are
sports activity-related and are based on five different subgroups of our
athlete population.

Athlete population

This study concerns 410 athletes, 352 males, 58 females, mean age about 23
years (Table 1) who were referred to our Arrhythmologic Centre for serious
documented or suspected arrhythmias from 1974 to 1988. In this young
population only athletes who had been previously declared fit for sports
activity are included. They practiced all kinds of sport [2, 4] even as com-
petitive athletes and at a high level until the appearance of arrhythmic
manifestations and/or symptoms for which they were referred to our Centre.
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Table 1. Athlete population

410 athletes — 352 M, 58 F. Mean age 23 years

Subgroups:

214 WPW
52 Mitral valve prolapse (MVP)
32 Arrhythmogenic right ventricular disease (ARVD)
5 Sudden death
9 Aborted sudden death

1) Aborted sudden death athletes. 9/410 athletes (mean age 25.9 years) were
referred to our Centre after cardiac arrest, 6 during effort and 3 after effort
(Table 2 and 3) with subsequent cardiac resuscitation; these cases are typical
examples of aborted sudden death.

The clinical arrhythmia was ventricular fibrillation (VF) in 8, which
probably followed ventricular tachycardia (VT) in 3 cases and preexcited
atrial fibrillation in 4 cases. In one case with clinical arrhythmias which were
not documented during arrest, symptomatic prolonged AV block was
evidenced during paroxysmal atrial fibrillation. Four athletes had structural
heart disease (1 dilated cardiomyopathy, 1 ARVD, 1 minor hypertrophic
cardiomyopathy and 1 MVP); 4 had WPW (2 of which instable). The
arrhythmologic study with EES allowed us to observe sustained VT in 2
athletes (the one with ARVD and the one with initial dilated cardiomyopa-
thy) and multiform VT in one (with minor hypertrophic cardiomyopathy), as
well as preexcited atrial fibrillation (shortest R-R < 190 ms) in the 4 WPW
athletes. It was not possible to induce any arrhythmias in the clinical VF
athlete with MVP.

Table 2. Aborted sudden death 5 athletes referred to our Centre after cardiac resuscitation

Years Sport Exercise Clinical arrhythmia Induced arrhythmia Cardiopathy

1) 22-M Foot-ball ~ After V.F. Not MVP

2) 36-M Swimming After ? Prolonged AV block

during paroxysmal a.f.

3) 27-M Foot-ball  After V.I. VF. Sustained VT (EES)  ARVD

4) 33-M Foot-ball During V.T. VF. Sustained VT (EES) Initial dilated
cardiomyopathy

5) 33-M Foot-ball During V.T. VF. Multiform VT Minor
hypertrophic

cardiomyopathy




90 F. Furlanello et al.

Table 3. WPW athletes with cardiac arrest (mean age = 21.7 years)

WPW Exercise Spontaneous acute episode Induced by TES or EES
4 cardiac  Instable Druing 1) referred V.F. 1) af. preexcited
arrest with shortest EES
DC shock R-R 195 ms
Stable  During  2) af. preexcited with 2) af. preexcited
shortest with shortest EES
160—170 ms R-R 160 ms
V.F.
Stable During  3) af. preexcited with 3) af. preexcited
shortest with shortest TES
R-R 160 ms R-R 190 ms
Instable During 4) V.F. 4) af. preexcited
with shortest TES

R-R 170 ms

2) WPW athletes. Of 214 athletes with WPW, 10 were studied after a
syncope with spontaneous termination (Table 4) and 4 were studied after a

cardiac arrest with DC shock and cardiopulmunary resuscitation (Table 3).

Both syncope (5/6) and cardiac arrest (4/4) were sports activity-related.
These athletes had an electrogenetic mechanism that could be reproduced by
Electrophysiological Endocavitary Studies (EES) or Transesophageal Elec-
trophysiological Study (TES).

Table 4. WPW athletes with syncope

WPW Exercise ~ Spontaneous acute Induced by TES
episode or EES
6 syncope Stable During No ECG 1) af. preexcited
with shortest TES
spontaneous R-R 200 ms
termination - gyape Atrest No ECG 2) preexcited R/T
hypertrophic at 220/min TES
cardiomyopathy cardiac arrest
Stable During  Preexcited R/Tat  3) notinduced EES
210/min
Unstable During No ECG 4) preexcitedaf.  EES
R-R 190 ms
Unstable After Preexcited af. 5) preexcitedaf.  TES
R-R 190 ms R-R 190 ms
Stable During Preexcited af. 6) preexcited af. EES

R-R 180 ms

R-R 200 ms
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This mechanism is mainly due to preexcited atrial fibrillation with shortest
R-R < 200 ms (<190 ms in athletes with cardiac arrest).

3) Sudden death. 5/410 athletes (mean age 30.6 years) (Table 5) who were
all previously fit for athletic activity, had sudden death, 4 during follow up
after arrhythmologic studies; 1 of whom was previously asymptomatic (as a
first symptom). Sudden death was sports activity related in 4/5 (Table 6). In
the fifth athlete who was on medical-surgical-AICD treatment for ARVD
with refractory polymorphous sustained VT with proarrhythmic phenomena,
the SD happened 1 month after cardiosurgical cryoablations and AICD

Table 5. Arrhythmias in athletes: Sudden death

1. 18 year old basket ball player.
Palpitations after effort — negative arrhythmological study.
Sudden death one year later during warm-up before basket ball match.
Pathological examination: coronary artery obstructive disease.
2. 23 year old ‘tug-of-war’ player.
Paroxysmal atrial flutter fibrillation, MVP.
Sudden death in a discotheque 6 months later.
Pathological examination: not performed.
3. 47 year old-cyclist.
Aborted SD during sports activity.
Refractory polymorphous sustained VT with proarrhythmic phenomena.
Very slight echo-ventriculographic alterations.
Multiple cardiosurgical cryoablations, AICD implantation.
Remarkable bi-ventricular (mainly right) fibroadiposis.
SD 1 month after while walking: post-defibrillation asystole.
4. A 37 year old athlete, national trainer for cross country skiing.
Asymptomatic: very good athletic performances.
Cardiac arrest from VF after taking part in the Marcialonga in which he gave a very good
performance and was among the first to arrive at finishing point.
Anatomo-pathological evidence of acute massive MI.
5. A 28 year old professional footballer
NsVT multiform type
ARVD diffused form with LV involvement
Declared not fit
SD ‘on field’ 4 years later while training a football team

Table 6. Sudden death athletes (5/410)

4 During follow-up:

3 sports activity 1 on medical-surgical-AICD treatment
related despite being previously aborted
declared not fit SD during competition

1 Asymptomatic (as a first symptom)
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implantation, for post-defibrillation asystole. This patient had previous
aborted sudden death during competition (cyclistic amateur trial).

In 3 athletes, even though they had been declared not fit, SD happened
during follow-up and was exercise-related. As regards the substrate (Table 7)
2 had ischemic heart disease, 2 had ARVD and 1 had ‘complicated” MVP.
Sports activity can be considered a trigger because 4/5 SD and 1/5 previous
aborted SD were exercise related. Good athletic performance was a typical
situation for a silent cardiopathy of the athletes in this population.

4) Arrhythmogenic Right Ventricular Dysplasia (ARVD). In 32 athletes with
ARVD, mean age 23.4 years, 59.4% of the most serious arrhythmias and
symptoms (including syncope, sustained VT, cardiac arrest) were sports
activity-related (Table 8). However there was not a high correlation (41.2%)
between clinical severe arrhythmic manifestations which were exercise
related and arrhythmias induced or worsened by ergometric test (ET) or
which were recorded by Holter monitoring (HM). Moreover 19/32 ARVD
athletes had clinical sustained VT, which were sports activity related in 95%
(19/20) and accompained by severe symptoms (5 syncopes, 9 presyncopes, 1
cardiac arrest). The reproducibility in laboratory of these sustained VT
(Table 9) was 3.1% by HM and 6.8% by ET, higher by EES with specificity
100% (but with sensitivity of only 60% and accuracy of 68%). Two athletes
died during follow up (see section 1).

5) Mitral Valve Prolapse (MVP) athletes. 52 of 410 athletes admitted to our
Centre for documented or suspected arrhythmias had MVP. Sports activity-

related symptoms were less than 50% (32.7% during, 5.8% after exercise)

Table 7. Sudden death athletes (5/410)

Substrate: Trigger:
2 ischemic heart disease 4/5 SD and 1/5 previously aborted SD sports activity related in
2 ARVD subjects with good athletic performance.

1 complicated MVP

Table 8. ARVD athletes. Mean age 23.4 years. Most serious arrhythmias. 19/32 (59.4%)
sports activity related

Non sustained VT 8/32
Sustained VT 19/32
Cardiac arrest (VT = FV) 1/32
Presyncope 9/32
Syncope 5/32
SD (during follow-up) 2/32

(1 while training a football team)
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Table 9. 32 ARVD athletes. 19/32 clinical sustained VT. 19/20 (95%) during sports activity.
Documented in laboratory.

Holter monitoring 1/32 (3.1%)
Bicycle ergometric test 2/29 (6.8%)
Induced (EES), all with clinical VT 12725 (48%)

Sensitivity: 60%; Specificity: 100%; Accuracy: 68%

but included cardiac arrest and presyncope (Table 10). One ex-athlete died
during follow up during exercise (Table 11). By ergometric tests only 36% of
MVP athletes increased or worsened the basal arrhythmias but the most
serious forms (non sustained VT, sustained VT) were included.

MVP is a very common arrhythmic syndrome in athletes and is frequently
benign (22/52 athletes are still active in sports). Sports activity-related
exercise arrhythmias are not very frequent but the most serious forms can
appear during effort.

Table 10. 52 MVP athletes symptoms and sport activity.

athlete population symptoms sport activity related

Table 11. 52 MVP athletes follow up.
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Comments

Vigorous effort including sports activity can be a trigger of electrical
destabilization and can lead to Sudden Cardiac Arrhythmic Death (SCAD)
in susceptible patients with myocardial vulnerability due to underlying
disease or to primary arrhythmogenic cardiopathy (WPW, prolonged QT,
pathology of the conduction system). SCAD can be avoided in patients with
even severe damage of myocardium during supervised exercise tests [9, 19]
and rehabilitation programmes [20, 21].

Cardiac arrest and SCAD are not frequent (about 10—15% of all S.D.) in
the previously asymptomatic general population, who performs vigorous
effort and sports activity, but are possible and unpredictable in susceptible
subjects, especially when they are occasionally involved in physical exercise.

Both retrospective and prospective studies on the incidence of exertion-
related cardiac arrest and SCAD in persons without evident heart disease
are epidemiologically incomplete, especially since they include subjects of
different ages (i.e. from 25 to 75 years [22]) and with different degrees of
exercise activity. As an indication, one CA occurred in 375,000 people
hours of exercise [23], one SD per 396,000 hours of jogging [24]. In our
personal experience of the popular famous 50—70 Km competition of cross-
country skiing (The Marcialonga) with thousands of skiers participating [1]
there have been 2 deaths (one during and one after) in 17 years. It means 1
death in 42,334.5 participants, 1 for every 2,963,415 Km of skiing. There
are some, though not conclusive, reports on the estimate additional risk of
cardiac arrest/SD during physical exertion in relation to other time [25]. For
instance, SD related to jogging was 10 fold greater than the SD due to non
vigorous activity [26]; the incidence of CA was 5 to 56 times greater during
high intensity exercise. The relative risk of SD during strenuous exercise as
compared with other times increased by a factor 56 [22] in men with
relatively low levels of normal activity. There is general agreement that in the
asymptomatic population over the age of 35 obstructive coronary artery
disease secondary to atherosclerosis is the leading cause of CA/SCAD which
is exercise and sports activity-related. As a final comment on the problem of
SCAD in the general and not very young population, we can say that
strenuous physical exertion and sports activity may trigger cardiac arrest in
some apparently normal but susceptible subjects with underlying disease
which is mainly coronary atherosclerosis, and that the events are frequently
unpredictable.

Sports activity related cardiac arrest-sudden cardiac arrhythmic death in
athletes

The problem is quite different from that in the general population for
different reasons including age, training, competitions, medical supervision,
compulsory fitness and type of underlying arrhythmogenic silent cardiopathy.
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Given the aims of this work, our patient population can be considered as a
valid sample of athletes with severe symptoms and arrhythmic manifestations
which are sports activity-related (including aborted SD, CA and SCAD)
because all types of sports are represented and because the athletes are
young (mean age about 23 years) and all were previously declared fit.

For the discussion we considered 5 different subground, aborted SD and
sudden death, WPW, ARVD and MVP athletes. These groups are quite
representative of all possible conditions reponsible for sports activity-related
electrical destabilization.

The first question regards sports activity as a trigger of cardiac arrest’'SCAD in
young athletes. There is conclusive documentation that SCAD in the majority
of cases is closely correlated to sports activity and normally happens during
or immediately after (vulnerable period post-exercise) effort. In our athlete
population major clinical arrhythmic symptoms such as presyncope, syncope,
severe non sustained VT (including multiform type) sustained VT, preexcited
atrial fibrillation, VF, aborted SD, Sudden Death, were present in almost all
subjects during effort or immediately after. In three ex-athletes, declared not
fit, Sudden Death happened during follow up, while exercising, even though
sports activity had been forbidden to them. Thus the improvement in the
arrhythmological studies of the athletes at risk for arrhythmogenic silent
cardiopathy may create a new clinical problem, for the long term prevention
of SCAD in identified subjects who have been warned of risk. Consequently,
the follow up of these selected ex-athletes has to be careful and should
include the therapeutic control of potentially severe arrhythmic manifesta-
tions.

The second question regards the reproducibility in laboratory of the most
serious symptoms and arrhythmic manifestations that happen spontaneously
and are sports activity-related in athletes. In addition, in the presence of a
silent arrhythmogenic cardiopathy several different conditions are necessary
for the triggering of severe arrhythmic manifestations during sports activity.
The electrical destabilisation that may take place during or after the athletic
activity needs a particular variation of the neurovegetative tone in subjects
with a pre-existing arrhythmogenic substratum and with activation of possible
present or latent trigger arrhythmias. Moreover, psychobiological compo-
nents, such as emotion, fatigue, and/or specific type of sport play and
additional important role in the realisation of lethal arrhythmias during
sports activity (see ARVD) as was observed in the ‘normal’ population in
individual cases [27, 28]. Sometimes it is not easy to reproduce these condi-
tions in a laboratory study, particularly when the electrogenetic mechanism
of the spontaneous arrhythmias is not reinducible or when the ventricular
irritability is too erratic.

That is not the case of the WPW athletes in whom it is easy to reproduce
the clinical symptoms and the most severe arrhythmias (preexcited AF, VF)
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by electrophysiological transesophageal atrial pacing and during ergometric
test [29, 30].

The substrate of sports activity related cardiac arrest/SCAD is a silent
cardiopathy with good athletic performance. If the patophysiologic mecha-
nism of SD is an independent contribution of two factors, i.e. ventricular
arrhythmias and myocardial vulnerability [31], in competitive asymptomatic
athletes the substrate is only a potential arrhythmogenic situation which
permits good performance. In contrast to cardiac patients with extensive
myocardial disease and underlying vulnerability, the silent cardiopathy of the
athletes requires a strong provocation (trigger) to precipitate life-threatening
arrhythmias; the trigger is both physiologic (sports activity) and due to a
sympathetic-vagal drive including psycobiological components.

The need for strong trigger to destabilize an underlying good ventricular
function justifies the fact that the cardiac arrest in competitive athletes is a
rare event which is sometimes difficult to reproduce but easier to control
than in cardiac patients.

When it is not possible to reproduce the spontaneous sports activity
related arrhythmic events, as we observed in some athletes with sustained
symptomatic VT and ARVD, it is necessary to identify, by careful arrhythmic
study, a useful markers of the individual risk. For instance, in our experience
we can indicate as markers of risk for ARVD athletes [3]:

a) T waves inversion the anterior precordial leads (V1 V2 V3 V4);

b) presence of RBBB;

c) syncope and/or sustained VT during sports activity;

d) clinical and/or induced sustained VT, including pleomorphic type reliable

marker of left ventricle involvement 31, 32];

e) multiform VT.

For MVP athletes, we can consider the following as markers of risk [4]:

a) family history of sudden death;

b) ‘complicated’ mitral valve prolapse;

C) presyncope, syncope, severe nsVT, sustained VT;

d) severe arrhythmias due to effort and/or sports activity related,
e) prolonged QT interval.

In severe arrhythmic sports activity-related manifestation, the first arrhyth-
mic symptoms may be the most serious ones as we observed in all five
subgroup of the patient population, including WPW, aborted sudden death,
SD athletes. In general, there are premonitory exercise related symptoms
which should be carefully evaluated, though they are sometimes vague and
non specific. Some athletes may ignore prodromal symptoms such as a
common tendency to sudden cardiac death in the general population [33].

Conclusions

Sports activity (during and immediately after) can be considered as a trigger
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of electrical destabilization with major arrhythmic manifestations (syncope,
VT/VF) Aborted Sudden Death, Cardiac Arrhythmic Sudden Death in
susceptible athletes who may be even asymptomatic, competitive and at a
high level. The substrate is represented by a typical silent arrhythmogenic
cardiopathy with good athletic performance.

In the athlete population first and/or premonitory symptoms and arrhyth-
mic sports activity related manifestations are being carefully studied to
identify the risk for Sudden Cardiac Arrhythmic Death by reliable markers,
particularly when it is not easy to reproduce the major spontaneous clinical
events in a laboratory study.

In identified athletes at risk with silent arrhythmogenic cardiopathy and
who have been declared not fit, the continuation of forbidden sports activity
may represent a new clinical problem for the prevention of sudden cardiac
arrhythmic death. The follow up of these selected and warned ex-athletes
should be careful.
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10. Lessons from recordings of sudden death
by Holter monitoring

JEAN-FRANCOIS LECLERCQ and PHILIPPE COUMEL

Prevention of sudden death (SD) remains one of the major therapeutic
challenges in cardiology in 1989. It is then crucial to know as precisely as
possible the mechanisms of SD, particularly in coronary patients. We decided
to study the modalities of SD occuring during Holter monitoring. Some series
are available in the literature, each including a more or less limited number
of cases [1—6]. The cooperative study of the French Working Group on
Arrhythmias collected a reasonable number of SD recordings [7], and we
recently added 10 cases to this series. The aims of the present study were: to
precise the mechanisms responsible for SD, and to look for the determinants
of these mechanisms of SD.

Material and methods

Out of a total of 97 tapes including SD, we excluded patients with a recent
myocardial infarction (less than 3 weeks) or NYHA functional class-IV heart
failure, in order to restrict our subject to sudden unexpected death. Death
was considered sudden if occuring within 30 min after the first symptom.
Patients successfully resuscitated by external DC shocks were included.
Seventy nine cases met these criteria and were considered for analysis.

All tapes were analysed manually, including full disclosure on a optic-fiber
system. Computerized processing was performed using the ATREC-II
system [8].

The analysis of each tape included the following items:

— Hourly mean heart rate in the 3 hours before SD

— Mean heart rate during the 3 minutes before the onset of the ventricular
tachyarrhythmia leading to SD.

— Presence of atrial arrhythmias.

— ST segment changes before SD.

— Existence of a pause (defined as a RR interval exceeding 125 p. 100 of
the average cycle duration over the 5 preceding beats) just preceding the
onset of the ventricular tachyarrhythmia.

A. Bayés de Luna et al. (eds.): Sudden Cardiac Death, 99-111.
© 1991 Kluwer Academic Publishers, Dordrecht.
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— Coupling interval (CI) of the extrasystole initiating the ventricular tachy-
arrhythmias, compared to the shortest CI of other extrasystoles.

— Prematurity index, defined as the ratio of CI and the immediately
preceding RR cycle.

— Morphology of the extrasystole initiating the ventricular tachyarrhythmia,
by comparison with the preceding extrasystoles.

— Rate and morphology of the ventricular tachycardia at its onset, and
immediately before its transformation into ventricular fibrillation.

Statistical analysis was performed using Student’s paired t test when

applicable, analysis of variance or chi square test. Numbers indicate the mean

values t standard deviation.

Results

The 79 patients were divided in 3 groups, according to the nature of the
terminal event:

1) asystoles;

2) torsades de pointe;

3) ventricular fibrillation (VF).

Group I (asystoles)

This group includes 17 patients (21.5%), 11 males and 6 females, with a
mean age of 73.5 £ 2.4 years. Fourteen had a coronary artery disease, 2 an
aortic stenosis, and 1 an atrial septal defect. In 13/17 cases, asystole was
due to a progressive slowing of the atrial rate accompanied by a QRS
widening, traducing an electromechanical dissociation (Figure 1), and not to
a primary SA or AV block. In the 4 other cases, SD was due to AV block (3
cases) or SA block (1 case). Two of the 3 AV blocks were iatrogenic
(flecainide and verapamil).

The causal role of a myocardial ischemia appears predominant, as judged
by the ST segment modifications in the minutes preceding the asystole:
12/17 (70.5%) SD (11 EM dissociations and 1 AV block) were clearly
preceded by ST segment changes. In fact, only one patient (the SA block)
died from a primary conduction disorder, without ischaemia or iatrogenic
factor, and without underlying heart disease.

Group Il (torsades de pointe)

This group includes 13 patients (16.5%), 7 females and 6 males, with a mean
age of 63.1 + 14.4 years. The diagnosis was based on strict classical criteria:
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Figure 1. Sudden death by asystole due to an ischaemic electromechanical dissociation in a
coronary patient. ST segment depression persisted for more than 6 minutes, then a ST
segment elevation for 10 minutes. After that occured a progressive widening of QRS
complexes with AV dissociation.

QT interval prolongation, long coupling interval of the initiating beat, and a
typical pattern of the ventricular arrhythmia. Three patients died out of the
hospital, and 10 SD occured in the hospital (7 were successfully resus-
citated). Only 5/13 had an underlying heart disease: 2 were coronary
patients, and 3 had a valvular disease.
The contributing etiological factors were:
— Class I-A antiarrhythmic drugs in 8/13
— Potassium depletion (diuretics) in 7/13
— Amiodarone therapy in 3/13.
The two main determinants found in the Holter tape before the initial
torsades de pointes were:
1) a progressive bradycardia from 77.5 = 2.5 to 60.6 * 2.7 b/min for the
mean hourly heart rate of the 3rd and the last hour before SD (n = 13,
p < 0.001 by paired t test);
2) along-short cycle sequence related to a post-extrasystolic pause (13/13).
The importance of the bradycardia and of the pause is in keeping with the
timing of the event: 8/13 occured between 8 pm and 8 am.
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Group III (VF)

This group includes 49 patients (62%), 39 males and 10 females. The mean
age was 65.7 = 11.9 years. Twenty-one SD occurred out of the hospital and
28 in the hospital (only 8 could be resuscitated). Almost all patients were
known as coronary patients with healed myocardial infarction, except 1 with
an aortic stenosis, and 1 with a congenital long QT syndrome. Two had no
detectable heart disease. Eighteen patients (37%) were treated by antiar-
rhythmic drugs for previous atrial or ventricular arrhythmias.

The terminal event: VF

Only 12 patients died from primary VF, and the majority of VF (37/49)
followed a sustained VT that was polymorphic in 13 cases and monomorphic
in 24. The transformation of VT into VF was related to three factors: the VT
duration and rate, and the widening of the QRS of ventricular origin.

The VT duration before transformation into VF was 42 + 67 sec for the
polymorphic VT and 180 + 197 sec for the monomorphic VT (p < 0.05
by ANOVA). In the 19 patients with previous runs of VT, the duration of
the VT leading to VF was longer than the longest run of VT recorded before:
442 £ 571 vs.42 £ 93 beats (p < 0.01 by paired t test).

The transformation of VT into VF was preceded by an acceleration of the
VT rate, from 220.6 £ 55 beats min-1 at the onset to 241.5 *+ 69
immediately before VF (n=37,p < 0.001 by paired t test).

A progressive widening of QRS was present in 8 cases. Three of them
occured early after introduction of flecainide, a class-IC drug that most prob-
ably played a favouring role by depressing the intraventricular conduction.

The precipitating factors of VT and VF: the initiating premature beat

Three characteristics of the initiation of VT or VF could be analysed and
compared with the preceding events: the coupling interval of the initiating
extrasystole, the RR cycle immediately preceding it, and the morphology of
the ventricular extrasystole.

The morphology of the initiating beat was particularly scrutinized in 35
patients with more than 100 extrasystoles in the 3 hours preceding SD. In 13
cases, the initiating extrasystole was never seen before, thus appearing ‘de
novo’. This fact was relatively more frequent in primary VF (6/12 cases) than
in VT. In 20 cases, similar extrasystoles were indeed present before SD,
usually with a longer coupling interval. In 2 patients, the defect of sensing of
an implanted VVI pacemaker was the cause of SD, with a spike falling early
after a non sensed extrasystole.

The mean coupling interval (CI) initiating VT or VF was 378.7 * 87 ms
for the whole group, with slightly different values according to the type of the
arrhythmia: 341.7 + 46.5 ms for the 12 primary VF, 370.8 + 60.8 ms for
the 13 polymorphic VT, and 392.5 = 98 ms for the 24 monomorphic VT
(p = NS). In 9 of the 24 patients with sustained monomorphic VT (37.5%)
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the VT was not directly initiated by a single extrasystole, but by a run of VT
of different morphology, or polymorphic.

A long RR cycle was present in 22 of the 49 cases (45%): 7/12 primary
VF, 6/13 polymorphic VT, 9/24 monomorphic VT (p = NS). In 21 cases
the pause formed the last or the penultimate cycle preceding the tachyar-
rhythmia, and was usually due to a post-extrasystolic compensatory pause. In
one case, this long RR cycle occured during the sustained VT immediately
before its acceleration into VF. Figure 2 shows an example of VF occuring
after a post-extrasystolic pause.

The Cl initiating VT or VF was not different in cases with (379 £ 71 ms,
n = 22) or without (378 = 101 ms, n = 27) a cardiac pause. However, when
this last CI was compared with the shortest CI of the preceding extrasystoles
that did not induce VT or VF in the same patient a dramatic shortening
(4214 £ 923 t0 377.6 £ 94.5,p < 0.01 by paired t test), was evidenced
in the group without any pause, whereas no significant difference was seen in
the 22 patients with a pause (405.5 £ 88.2 to 378.6 £ 70.6, p = NS). The
prematurity index was of course lower in patients with a pause than in those
without, but also in primary VF compared to poly- and monomorphic VT:
0.415 * 0.23 vs. 0.58 £ 0.19, p < 0.05). Figure 3 shows an example of the
crucial role of both the short CI and the pause, provoking an extrasystole
with a low prematurity index triggering a primary VF.

The favouring factors in the hour preceding VF
In the hour preceding SD by VF, other determinants were analyzed: the basic
heart rate, the ventricular repolarization and the ventricular extrasystoles.

We observed a significant heart rate increase (sinus rhythm, or rate of
ventricular response for patients in chronic atrial fibrillation) during the last
hour preceding SD. In the 46 patients in whom it could be evaluated, after
exclusion of the 2 cases of pacemaker-induced arrhythmia and of 1 case with

Figure 2. Sudden death by primary VF. The first extrasystole (star) induced a compensatory
pause and the successive one is interpolated, permitting a short coupling interval of a third
one, and VF ensues.
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Figure 3. Sudden death by primary VF induced by an extrasystrole with short coupling
interval, and following a long pause. Beat-to-beat analysis of the last 5 minutes of Holter
recording (bottom) showed that this combination of events was not encountered before SD:
one short CI (first arrow) was not preceded by a pause, and a long pause (2nd arrow) was not
followed by a short CI.

less than 1 hour of ECG, the heart rate increased from 82.8 + 20 to 92.0 *+
26.7 beats min-1 (p < 0.001 by paired t test), by comparison of the values
during the hour and the 3 minutes preceding SD. A clear difference was
found between primary VF and VT leading to VF, the latter occuring in the
setting of a much higher heart rate: 724 + 104, n = 11, vs. 93.2 £ 252
beats min-1, n = 35 (p<0.05). However, the heart rate acceleration in the
last hour concerns only the cases without a preceding pause (from 85.0 *
22.8 to 99.1 + 31.1, p < 0.001), and not the cases with a pause (from
79.85 £ 15.5 to 80.8 £ 16.3, p = NS). As a result, if the 3 last minutes are
considered isolately, a great difference appears according to the presence or
the absence of a pause, the latter including a higher heart rate (p < 0.05).
These differences are schematically displayed in figure 4.

Atrial arrhythmias were often observed during the last hour before SD
due to VF: 7 patients were in chronic atrial fibrillation, 5 had a paroxysmal
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Figure 4. Schematic representation of heart rate and CI values before SD by ventricular
tachyarrhythmias. In TdP, a decrease of heart rate occurs in the 3 preceding hours, and the
initiating CI is long. In primary VF, the heart rate is lower than in VF secondary to VT, and
the initiating CI is shorter. In both cases of primary and secondary VF, the heart rate
immediately before SD is higher in VI/VF not preceded by a pause (P), and the sinus rate
increase during the preceding 3 minutes is more pronounced.

sustained atrial tachyarrhythmia starting less than 1 hour before SD, and in 3
the sustained VT was started by an atrial premature beat. Thus in 15/49
patients (31%), atrial arrhythmias apparently played a role in the genesis of
the ventricular tachyarrhythmia, or had the same determinants. Not surpris-
ingly, a majority of these patients were older than 65 years (12/15). Figure 5
shows three examples of the determinant role of atrial premature beats in the
genesis of SD.

In contrast to the heart rate changes, an increase in the extrasystolic rate
was rare: out of 49 patients, 11 (22%) had no ventricular extrasystoles in the
3 hours before SD, and only 11 of the other 38 had an increase of more than
50% in the last hour compared to the preceding two hours.

ST segment changes in the 2 leads of Holter monitoring were very unusual
in these coronary patients, seen only in 5 cases (10%) in the minutes
preceding SD. Of these 5 cases, 2 had primary VF, 2 a polymorphic VT, and
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Figure 5. Three examples of SD in which atrial premature beats play a determinant role. In A,
an atrial couplet triggered directly the VT. In B, the atrial premature beat induced a succession
of post-extrasystolic pauses leading to VF. In C, it is the reverse situation: the atrial
extrasystole occured after a postextrasystolic pause and triggered the VT.

one a monomorphic VT. An increasing heart rate was also present in 4 of
these patients, and a long RR cycle in 3.

Discussion

The major findings of this analysis of 79 cases of recorded SD were the
existence of 3 different terminal events: asystoles in 17 patients, torsades de
pointe of iatrogenic origin in 13, and ventricular fibrillation in 49. Asystoles
were primarily due to an ischaemic process in the vast majority of cases and
not to a primary conduction disturbance. The role of torsades de pointe in
the genesis of SD should be clearly individualized. The 2 major determinants,
bradycardia and long-short RR sequence, contribute to prolong and to make
inhomogeneous the ventricular refractory period [9, 10, 11]. In the literature
devoted to SD, the distinction between usual VF and torsades de pointe is
not always clear [12, 13]. This distinction appears of crucial importance as
the determinants of either form of lethal arrhythmia, hence the therapeutic
implications are different.
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In the present study, the most frequent mechanism of SD, particularly in
coronary patients, is formed by VF, as in some preceding series [1, 4, 5, 6].
The role of cardiac asystole in the genesis of SD appears restricted to
electromechanical dissociation and related to an ischaemic process [7]. By
contrast, VT or VF directly related to an electrocardiographically evident
ischaemia seems relatively rare in these coronary patients: as judged on the 2
leads of the Holter recording, the majority of asystoles, but few VT/VF are
preceeded by ST segment changes in the 3 main series of the literature |3, 5,
7]. Although it is not possible to exclude a localized ischemia, SD appears
usually due to a primary electrophysiological phenomenon, a VF, or more
frequently a sustained VT which leads to VF. This mechanism, underlined in
some series [2, 6], is well correlated with the high incidence of SD in
coronary patients with paroxysmal VTs [14]. In a recent study (15) com-
paring coronary patients presenting aborted SD with those presenting
sustained VT not leading to SD, the major differences were a higher
incidence of polymorphic VT, and a higher rate of the monomorphic VT.
The other recognized predisposing factor to SD is the left ventricular
dysfunction [16, 17]. The relationship between these 2 factors may be that
the more the left ventricle is impaired, the less the patient can tolerate a fast
VT. It has been demonstrated that both rate and hemodynamic consequences
of the VT induced by provocative studies are well correlated with the
increase in catecholamines blood level [18], reflecting an adaptative sympa-
thetic stimulation.

The 2 main determinants of VT/VF are the sympathetic tone and the long
RR cycles. An increase in the sympathetic drive favors all the potential
mechanisms of ventricular arrhythmias. Its main clinical marker, an increas-
ing heart rate, has been already signaled before SD [3]. There is a balance
between these two factors, and SD occuring after a pause is preceeded by a
less marked heart rate acceleration than SD without pause.

Long RR cycles induce an instantaneous increase in sympathetic nervous
discharges [19, 20], in addition to the prolongation of the ventricular
refractory period. An increase in the inhomogeneity of refractoriness be-
tween ventricle and His-Purkinje system [11], may favour an electrical
instability. Abrupt changes of cycle duration in patients with a low rate may
be responsible for extrasystoles with a low prematurity index leading to
primary VF.

It is possible that a latent localized ischaemia is one of the physiological
supports of the changes in the vagosympathetic balance evidenced by the
heart rate acceleration before SD. However, its role remains clinically
limited, since ECG signs of patent ischemia are rare in the Holter recordings.

Repolarisation changes, reflected by the QT interval, is often difficult to
appreciate in Holter recordings. There is some series in the literature
indicating a trend to a QT increase before SD [21], but this point remains to
establish.

The prevention of SD remains yet difficult and controversial. In this
regard recorded SD suggests several possible therapeutic implications:
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Prevention of SD due to asystoles is not possible by rythmological means.
It is a more general problem of prevention of the genesis and progression of
the coronary artery disease.

Antiarthythmic drugs are primarily implicated in ‘torsades de pointe’.
Some VF are also favored by drugs that depress intraventricular conduction.
On the other hand, antiarrhythmic drugs prolong CI and VT cycle length
which constitute immediate determinants of VF [3, 22, 23] and may be useful
for the control of paroxysmal atrial arrhythmias, which are also a deter-
minant of VT/VF. Such a balance of potentially beneficial and deleterious
actions of antiarrhythmic drugs probably explains the absence of statistical
reffects of these drugs in various trials. A tailored therapy, adapted to
individual cases is theoretically suitable, yet difficult to manage practically.

The role of long RR cycles, especially the post-extrasystolic pause is
important: all torsades de pointes and fifty per cent of VI/VF are concerned.
The preventive effect of pacing is well known for the torsades, and could be
expected for some VT/VF. On the other hand, any pacemaker dysfunction is
potentially dangerous and an accurate sensing of all morphologic types of
ventricular extrasystoles is never certain [22].

Finally, considering that an increased heart rate, reflecting a change in the
vago-sympathetic drive, is almost never absent and often critical in the
genesis of VF, the role of beta-blocking agents appears fundamental. It is
important to realize that the apparent limited increase in the heart rate
(mean: 9.2 beats min-1/hour) should not be taken as an argument for the
limited role of the sympathetic drive. On the contrary, it may reflect a greater
sensitivity of the arrhythmogenic substrate to this factor. The hypothesis of
such an ‘adrenergic paradox’ necessarily implies a less marked (hence less
evident) sinus acceleration before the event [24]. The results of prospective
trials with beta-blockers after myocardial infarction, concluding to their
preventive effect against SD [25, 26, 27] could then be explained. The fact
that an ECG detectable myocardial ischaemia is rare before SD is consistent
with the absence of beneficial effect of other anti-anginal drugs in terms of
reduction of the mortality rate in the post-myocardial infarction trials [28,
29, 30]. It is then probable that the anti-anginal effect of beta-blockers does
not play a major role in their SD preventive effect.

Summary

Seventy-nine Holter recordings of sudden unexpected death were analysed
by full disclosure and computerized processing. Seventeen were due to
asystoles, principally in coronary patients (14/17), and preceded by a clearly
visible myocardial ischaemia, evidenced by ST segment changes. Thirteen
sudden deaths were due to torsades de pointe in non-coronary subjects (11/
13), related to quinidine-like drugs and/or hypokaliemia: they were always
initiated by a long RR cycle due to a post-extrasystolic pause, and announced
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by a progressive decrease of mean heart rate (from 77.5 + 2.5 to 60.6 £
2.7 b/min, p < 0.001), in the 3 preceding hours. The other cases were due
to ventricular fibrillation (VF) occurring in coronary patients (45/49), by
acceleration of ventricular tachycardia (VT), monomorphic in 24 cases,
polymorphic in 13, the ventricular rate increasing from 220.6 * 55 to 241.5
+ 69 b/min, rather than by primary VF (12 cases). A cardiac pause (RR
cycle exceding 125% of the mean 5 preceding cycles) was present in 22/49
cases immediately before the onset of VI/VF. The coupling interval of the
extrasystole initiating VT/VF was shorter than the shortest value encoun-
tered before: 377.6 £ 94.5 ms vs. 421.4 £ 92.3. The prematurity index
(coupling interval/preceding RR cycle ratio) was lower in primary VF, ST
changes were unusual (5 cases), whereas heart rate increased from 82.8 +
20 to 92.0 £ 26.7 b/min (p <0.001). This acceleration was in fact present
only in cases without pause before onset of VI/VF: from 85.0 = 22.8 to
99.1 £ 31.1 (n = 27, p < 0.001) whereas no change exists in cases with
preceding pause: from 79.8 £ 15.5to 80.8 £ 16.3 (n =22, p=NS). As a
result, VI/VF without a preceding pause occurs in the setting of a higher
heart rate, most probably reflecting a higher sympathetic drive. Prevention of
these two main determinants by pacing and betablocking therapy should be
more efficient than the use of antianginal or antiarrhythmic drugs.
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