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Preface 

Sudden death is probably the greatest challenge facing modem 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 
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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) [1-41, 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, 

V.l .~S. D. 

11 8c. (50.6%) 

" 

, 
" 

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. Bayes de Luna el al. (eds.): Sudden Cardiac Death, \-11. 
© 1991 Kluwer Academic Publishers. Dordrechl. 



2 A. Bayes de Luna et al. 

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; 

MODULATING 
FACTORS 

· ANS alterations 
· Physical and/or 

psychic stress 
• Ion i c and/or 

metabolic 
changes 

· Ischemia 
Previous MI 

., LVF 
• LVH 

MALIGNANT VENT. 
ARRHYTHMIAS 

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; L VF = Left ventricular function; L VH = Left 
ventricular hypertrophy. 



Sudden cardiac death 1990: An update 3 

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 [61 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, 141 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 [141 insist that there are important limitations in the 

> ... 
.J 

30 ........ ~ .... ..... .. + ............ !. ..... ..... ! ........... -

;: 20 
a: 
o 
::< 
~ . ! 10 .. · .. _·r--··_·· .......... ~ ... --+.---.... -. 

o 0·1 10 100 1000 

PVC per hour 

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 IT 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 PYC features to one year cardiac death after myocardial 
infarction (n = 430). (From Bigger et at. [8]). 

Patients Mortality 

Characteristics No. % No. % 

PYCs:;;' 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 I-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 
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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 12]. On other occasions, the malignant ventricular arrhythmia seems to 

PERCENTAGE OF PATIENTS 

WITH PEAKS OF QTc '500 MSEC. 

70 

60 

50 

-40 

30 

20 

10 

(A) 0 

PERCENTAGE OF PEAKS 

OF QTc '1500 MSEC. 

25 · 

20 

15 

10 

(B) 0 =--------

* 

*P cO.03 

_ GROUP A. _ GROUP B 0 GROUP C 

* 

* P cO.OOOl 

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 126J. 

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 playa role in the onset of sudden 
death. Kleiger et al. 127] have demonstrated that postinfarction patients with 
scant R-R interval variability have a worse prognosis, and we 128] 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 124], 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 129]. 

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 130] and that, . experimentally, acute 
prolonged ischemia provokes the appearance of malignant ventricular 
arrhythmias 131-32]. 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 

A ;-1-' I I I I I II II I I I I I I I! III II I I I I I I I I I ~ I-+- 14:57 

I I I I I I I III ~ { I I I I I 1 I ~ ~4 ~ I~~ \ I ~ I I I I It", ~ 1,--+ ~ 14:57 

B1.~~~~=~1~ "OB 
c~w~~:;:: 
o -+I---+--+-I 41-4--1 -111--11,-...1.0-1 -t-I -I1r--4-1---+--+-1 -II--\-+-tl-+-! -+-~ ~~ 03:46 

I --I I I 1 I --' 1 I..... I I I 1 I ! 1 1 I --\ --I 27 :46 

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. 

r:T"I I n I I I!' I '·14: 
.'+, 

I. IIIIITII I I 
I ~ 

, I I I 
I I , I 

I ~:-;.. , , ~.;: 
I I .. 

' ........ ,.,. II-
I I , -f-,-, I I , -I-I 

L I. I I j I I I I I I I I I I I ,-(Il 
I 

I 
I ' II I ....l II I I _Ll..l..L 

r,~ 1 111111 IT" T I I I I ·rT Ii I I iF .. I I I 
'"\ \ ' ''': \ , ,1\ I ~ 

I,. I ! \.. I I 

" 'oj I + :::;. , I 1\ 
I , I d , , I , 

..l I I Ii j It' I. \ . 

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 
at. [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. Tomer [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 I-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 I-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. Bayes de Luna et a1. (eds.); Sudden Cardiac Death, 13-17. 
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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. Eisemnenger'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%) 
a. Acute myocardial infarction 
b. Post-hospital phase of myocardial infarction 
c. Ventricular aneurysm 
d. Ischemic cardiomyopathy 

2. Cardiomyopathy (7%) 
a. Hypertrophic - obstructive 

and non-obstructive types 
b. Dilated 

3. Aortic stenosis (2%) 
a. Rheumatic 
b. Congenital bicuspid 

4. Primary electrical disorders (0.5%) 
a. Long QT syndrome 
b. Wolff-Parkinson White syndrome 
c. Mitral valve prolapse 

5. Other conditions (0.5%) 
a. Primary pulmonary hypertension 
b. Cocaine 
c. Medication 
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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. Bayes de Luna et a1. (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 

Vic-Manlleu 
Santiago 
Girona 
Xativa 
Gandia 
Valencia 

Data collection 

Finalized 
Finalized 
In progress 
In progress 
In progress 
Finalized 

Data analysis 

Finalized 

In progress 

Population 

45,593 
453,857 
454,042 

24,427 
50,094 

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 inhabitantsl 
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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SPANISH TRIAL ON SUDDEN DEATH 
EPIDEMIOLOGY/MORTALITY RATES (OUT OF HOSPITAL) 

ISlAS CA~A"IAS 

i3 
jJ 

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 I 00,000 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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Tahle 2. SSD mortality rates by age and sex 

Age groups Population SSD Incidence 

Males 
0-4 20,162 4.95 
5-9 28,634 

10-14 31,705 
15-19 31,536 3.17 
20-24 30,124 
25-29 26,427 3.78 
30-34 23,l17 
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 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 l1 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 SO (by sex; males: p < 0.001 ; females: NS); (B) SD ancestors. 
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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). 
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Figure 6. SO-antecedents. Abreviations: No Prevo SD: No previous sudden death in family; 
No Prevo D: No previous disease; No CHD: No coronary heart disease; No Risk F: No risk 
factors; No Prevo C: No previous complaints. 
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TimeofSD 

When SO 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). 

PlaceofSD 

87% of SO occurred at home (34% in bed) and only 8% in the street or at 
the victim's place of work. SO outside the home was more common in 
individuals with a history of syncope (30%). In contrast, NSD usually 
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Figure 7. (A) SSD/NSD distribution (months); (B) time of death (SSD/NSD). 



Out-oj-hospital death in Spain 27 

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 oj 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). 
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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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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 SO 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 SO out-of-hospital mortality rates in Valencia, calculated in terms of age 
and sex, are: 62.8/1 OO,OOO/year for males 19.5/1 OO,OOO/year for females. 

The total SO mortality rate in Valencia is 42.5/l00,000/year. 
The incidence of a family history of SO is significanly increased in SO 

males. 
Ischemic cardiopathy and syncope are more frequent in SO than in NSO. 
Hypertension and dyslipemia are two risk factors that show a significant 

increase in the SO popUlation. 
Both SO and NSO occur most frequently in the morning or early 

afternoon. 
SO most frequently occurs at home while the subject is resting and in the 

presence of witnesses. The witnesses are usually the wife and sons. 

ItSD 

(A) 

(8) c. 

Figure 11. Diagram on death certificates immediate cause: (A) males; (B) females. Abrevia
lions: C. Arrest: Cardiac arrest; C. Failure: Cardiac failure; NK: Non known. 
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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. Bayes de Luna et aI. (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 RiskofSD Mechanism Evolving 
antithrombotic therapy 

Low Ischemia 

II High Ischemia and substrate 

III Medium Substrate and ischemia 

IV Medium Ischemia 

SD: sudden death, ASA-aspirin, A/C-anticoagulant. 
Stage I: No history of coronary artery disease. 

ASA 

±I 

+ 

+2 

+2 

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. 

A/C 

+ 

+ 

+ 

ASA+ A/C 

? 

2: ASA preferred over NC 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 J 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 [21. 

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 
[3-5). 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 II sudden death. Stage II 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-l 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-corpnary 
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 TP A, 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 playa role in the pathogenesis of Stage II sudden 
death is coronary re-occlusion following myocardial infarction. Coronary re-



Thrombosis, antithrombotic therapy and sudden death 35 

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 [39J. 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 [401. 
The use of anticoagulants in unstable angina is equally advocated based on 
the similar beneficial effects obtained in the reduction of cardiac mortality 
[41, 42J. 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 anti platelet 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 playa 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 [12J. 
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 [431. 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 N 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. Bayes de Luna et aI. (eds.): Sudden Cardiac Death, 41-62. 
© 1991 Kluwer Academic Publishers, Dordrecht. 



42 1. Th. Bigger, lr 

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 EeG 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 EeG 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 EeG 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 et al. [12]) 

Drug 
response 

N 

Uninducible 103 
Beneficial 51 
No benefit 104 

Recurrence of 
sustained ventricular 
arrhythmia 

7% 
39% 
50% 

Total Sudden 
mortality cardiac 

death* 

13% 3% 
12% 4% 
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 et 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 + IB --+ class Ie --+ 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 ill 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 Ie 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 Ie 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-



46 I. Th. Bigger, Ir 

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. [5] 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 electro physiologic 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 ~ 30 VPD/hour or have reproducible exercise induced VT 
(Le., ~ 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 IE (mexiletine) ..... IA + IE ..... II ..... sotalol. 

Table 2. Comparison of the Calgary study and ESVEM 

Presented with clinical arrhythmia 
Not excluded 
Randomized 
No drug found effective 
Discharged on drug predicted effective 

* As of April 30, 1988 

Calgary Study [34] 

124 
105 

57 
13 
44 

ESVEM [18)* 

1114 
779 
232 

63 
136 
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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 electro physiologic 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 



The potential for antiarrhythmic drugs to reduce mortality 49 

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 - {3) 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 

I 
CONSENT 

I 
48·HOUR HOLTER RECORDING 

I 
ELECTRO PHYSIOLOGIC STUDY 

I 
EXERCISE TEST 

I 
RANDOMIZE ----- ----EPS LIMB HOLTER LIMB 

I I 
DRUG 1 DRUG 1 

I I 
DRUG 2 DRUG 2 

I I 
DRUG 3 DRUG 3 

I I 
DRUG 4 DRUG 4 

I I 
DRUG 5 DRUG 5 

I I 
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 ~ 70% reduction in VPD frequency, ~ 80% reduction 
in paired VPD, ~ 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 ofthe 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. 
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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 (MILlS) 

Population. MILlS 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]. MILlS 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 MILlS trial 

Left ventricular Ventricular" MPIph MILlS' 
ejection fraction arrhythmias 

Number Mortality Number Mortality 
rate rate 

<40% 
Present 72 41% 40 18% 
Absent 184 20% 141 10% 

;;'40% 
Present 78 16% 30 8% 
Absent 433 8% 314 2% 

a VPD frequency;;' 10/hour. 
h Kaplan-Meier estimate of 30 month mortality rate. 
C 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 EeG 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 MILlS report was 18 months. Of the 66 deaths in 
MILlS, 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 ;;;'10 per hour) and left ventricular ejection 
fraction (;;;' 40% versus > 40%) [45]. The results obtained in the MILlS 
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 MILlS 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 IE action, i.e., 
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 IE 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 pro arrhythmia 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 ~ 10 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 (L VEF) ~ 20%, 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 

Encainide 
Flecainide 
Imipramine 
Moricizine 

Low 

35 
67 
50 

200 

Table 6. Efficacy of treatment during CAPS 

Drug 

Encainide 
Flecainide 
Imipramine 
Moricizine 
Placebo 

Adverse effects 

% Efficacious and tolerated 

At the end of drug titration 

79 
83 
52 
66 
37 

Medium 

50 
100 

75 
250 

High 

60 
133 
125 
300 

At the end of 1 year 

76 
77 
54 
61 
28 

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, pro arrhythmic 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]. 



58 I. Th. Bigger, Ir 

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 offinding 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 ~ 10 
complexes, and left ventricular ejection fraction ~ 20%. Aggravation of heart 
failure or pro arrhythmia 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]. 

EtTects 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 (lSA) 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 
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ventricular arrhythmias is worsening both in numbers of PYCs and in their 
severity. This development is counteracted by prophylactic beta-blockade by 
metoprolol, propranolol or timolol [8-101. 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 PYCs 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. 

PYCs 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 
PYCs 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 PYCs 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 
suppression% 

Class IA 75 
IB 60 
IC 80 
II 50 
III 70 

Arrhythmogenic effects% 

-CHF +CHF 

3 5-20 
2 5-10 
6 10-15 
5 1-10 

5-15 

CO Change 

-20 
-15 
-15 
+25 
-10 

Estimation of the degree of suppression in numbers of premature ventricular contractions 
PYCs 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-I-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 VTNF. Lv. sotalol prevented 46% of 
induced attacks. puring 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 III 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 [29J (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 [33J. Inter
estingly enough the marker PYCs are reduced both in the early phase and 
later when metoprolol is given in the acute myocardial infarction [34J. 
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 PYCs 
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 IB IC II III IV 

HCM 0 0 0 0 0 0 
DCM 0 0 0 + (+) 0 
IHD +++ 0 0 
LQTs +++ 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 [I], 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. 
[IS] 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. Bayt!s de Luna el aI. (eds.): Sudden Cardiac Death, 71-81. 
© 1991 K1uwer Academic Publishers, Dordrechl. 
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Table 1. Example of several research lines on stress and sudden cardiac death 

Animals 
studies 

Humans 
studies 

Research line Ventricular Coronary 
arrhythmias vasomotor tone 

Behavioral stress [11-181 [13, 251 
CNS stimulation [3,16,191 
Pharmacological 
interventions 
during stress and [21-24] 

Ventricular arrhythmias during emotional stress testing [33, 40] 
Long QT syndrome [3, 34-38] 

Platelet 
function 

[26] 

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 mono amino 
oxidase inhibitor (IMAO) decreases vulnerability to VF [23], probably due to 
the effect of serotonine in eNS 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 [3D] described a predilection to death among 

Table 2. Example of psychosocial determinants of sudden cardiac death 

Low education
socioeconomic status 
Type A behavior pattern 
Less social support 
Psychiatric history 
Educational incongruity 
Life changes 
Hopelessness 

Entrapment without exit 
Sisyphus pattern 

Predilection to death 

no college education [48]; less than 8 years of schooling in 
the presence of complex ventricular premature beats ]46] 
only for SCD 1 hour after the onset of acute symptoms [47] 
not married [50, 58], women with fewer children [58] 
depression [58, 59], schizophrenia [58] 
women with more years education than husbands [58] 
widowing [42, 43], retirement [44], more life events [41] 
in animal studies: giving up after uncontrollable stress, slow 
heart rate and death [18] 
Voodoo-like practices [27], biographic circumstances [4] 
individual strivess incessantly with no chance for satisfaction 
or success [10] 
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 RiskSCD 

Weinblatt et al. 1978 [46] 1,739 3 yr. Less 8 years schooling X 3.3 
Marmot et al. 1978 [48] 17,530 7.5 yr. Low work qualification X 3.6 
Ruberman et al. 1984 [47] 2,320 3 yr. Social isolation/low education X5 
Brackett et al. 1988 [55] 1,012 4.5 yr. Type A behavior X 1.5 

Low socioeconomic status X 3.1 



74 S. Garcia-Sanchez, 1. Guindo & A. Bayes de Lunas 

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. 

D~ 11-111-1-11 I~ 

1 ~ I ~ I- 1---1 I 1 

14:57 

14:57 
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17:29 

l-t-t I I~ ~ 03:46 

1 -t I I I 1 I I I I 1 I -4 27:46 

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 ofrecent 
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 at. [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: 
Hormonal: 
Electrol ytic: 
ANS: 
ECG: 

cortical + medular 
cortisol + catecholamines 
~ K+ + ~ K+ 
vagal + sympathetic (alpha) 
LongQT + short QT 

~ 

Vulnerable myocardium 
~ 

Sudden cardiac death 

That acute anxiety could be involved in triggering sudden death is 
supported by the observations of Baye:s de Luna et 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 ycars 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). 

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

5. 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. 

6. 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 

ATIILIO 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. Bayes de Luna et a1. (eds.): Sudden Cardiac Death, 83-86. 
© 1991 K1uwer Academic Publishers, Dordrecht. 
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Figure I. 

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 
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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 hypo kinetic 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 morpho structural 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. Bayes de Luna et a1. (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 trigger 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 ofthe 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. Tn one case with clinical arrhythmias which were 
not documented during arrest, symptomatic prolonged A V 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 A V block 

during paroxysmal a.f. 
3) 27-M Foot-ball After V.T. V.F. Sustained VT (EES) ARVD 
4) 33-M Foot-ball During V.T. V.F. Sustained VT (EES) Initial dilated 

cardiomyopath y 
5) 33-M Foot-ball During V.T. V.F. Multiform VT Minor 

hypertrophic 
cardiomyopathy 
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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) a.f. preexcited 
arrest with shortest EES 
DC shock R-R 195ms 

Stable During 2) a.f. preexcited with 2) a.f. preexcited 
shortest with shortest EES 
160-170ms R-R 160ms 
V.F. 

Stable During 3) a.f. preexcited with 3) a.f. preexcited 
shortest with shortest TES 
R-R 160ms R-R 190ms 

Instable During 4) V.F. 4) a.f. 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 orEES 

6 syncope Stable During NoECG 1 ) a.f. preexcited 
with shortest TES 
spontaneous R-R200ms 
termination 

Stable At rest NoECG 2) preexcited R/f 
hypertrophic at 220/min TES 
cardiomyopathy cardiac arrest 

Stable During Preexcited R/f at 3) not induced EES 
210/min 

Unstable During NoECG 4) preexcited a.f. EES 
R-R 190ms 

Unstable After Preexcited a.f. 5) preexcited a.f. TES 
R-R 190ms R-R 190ms 

Stable During Preexcited a.f. 6) preexcited a.f. EES 
R-R 180ms 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 pro arrhythmic 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 SO 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. 
SO 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 
ARVO diffused form with LV involvement 
Declared not fit 
SO 'on field' 4 years later while training a football team 

Table 6. Sudden death athletes (5/410) 

4 During follow-up: 

3 sports activity 
related despite being 
declared not fit 

1 Asymptomatic (as a first symptom) 

1 on medical-surgical-AICO treatment 
previously aborted 
SO during competition 
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implantation, for post-defibrillation asystole. This patient had previous 
aborted sudden death during competition (cyclistic amateur trial). 

Tn 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: 
2 ischemic heart disease 
2ARVD 
I complicated MVP 

Trigger: 
4/5 SD and 115 previously aborted SD sports activity related in 
subjects with good athletic performance. 

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

Non sustained VT 
Sustained VT 
Cardiac arrcst (VT - FV) 

Pre syncope 
Syncope 
SD (during follow-up) 
(1 while training a football team) 

8/32 
19/32 

1/32 

9/32 
5/32 
2/32 
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Table 9. 32 ARVD athletes. 19/ 32 clinical sustained VT. 19120 (95%) during sports activity. 
Documented in laboratory. 

Holter monitoring 
Bicycle ergometric test 
Induced (EES), all with clinical VT 

Sensitivity: 60'}'o; Specificity: 100%; Accuracy: 68% 

1132 
2129 

12125 

(3.1 %) 
(6.8%) 
(48%) 

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. 

dur<r~ exercise 
~2 7~ 

a res 
32:H 

athlete population 

Table 11. 52 MVP athletes follow up. 

I"":')r a::n,e Ir spar 
.6 

cardiac arreSI 
5.0$ 

symptoms sport activIty related 
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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 de stabilisation 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 (VI V2 V3 V 4); 
b) presence ofRBBB; 
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 heen 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. Bay~s de Luna et aI. (eds.): Sudden Cardiac Death, 99-111. 
© 1991 Kluwer Academic Publishers, Dordrecht. 



100 f.-F. Leclercq & Ph. Coumel 

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 ± 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 A V block. In the 4 other cases, SD was due to A V block (3 
cases) or SA block (1 case). Two of the 3 AV blocks were iatrogenic 
(flecainide and veraparnil). 

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 II (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 A V 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) a long-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. 



102 i.-F. Leclercq & Ph. Coumel 

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
rhythrnia, 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 CI 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 
(421.4 ± 92.3 to 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 

N. 

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 SO. 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: 7204 ± lOA, n = 11, vs. 93.2 ± 25.2 
beats min-I, 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 SO 
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 VT NF 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 SO, 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 SO. 

In contrast to the heart rate changes, an increase in the extra systolic rate 
was rare: out of 49 patients, 11 (22%) had no ventricular extrasystoles in the 
3 hours before SO, 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 SO. 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 playa 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 NF 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 NF 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 
primaryVF. 

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. 

Antiarrhythmic 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 VTNF. Such a balance of potentially beneficial and deleterious 
actions of antiarrhythmic drugs probably explains the absence of statistical 
'effects 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 VT NF are concerned. 
The preventive effect of pacing is well known for the torsades, and could be 
expected for some VTNF. 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-l/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 playa 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 VTIVF. The coupling interval of the 
extrasystole initiating VT IVF 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 VTIVF: 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 ± 15.5 to 80.8 ± 16.3 (n = 22, P = NS). As a 
result, VT NF 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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11. Profile of the candidate for sudden 
cardiac death 

RW.F. CAMPBELL 

Introduction 

Sudden cardiac death is a problem of epidemic proportions. A majority of 
instances are caused by lethal arrhythmias, ventricular fibrillation being the 
most common. Sudden cardiac death and acute myocardial infarction are 
near synonymous in the mind of the general public but coronary artery 
disease is by no means the only responsible pathophysiology. Valvular heart 
disease, particularly aortic stenosis, is associated with sudden cardiac death 
and there is a small but important incidence in patients with mitral valve 
prolapse. Sudden cardiac death occurs in a variety of cardiomyopathies 
including hypertrophic cardiomyopathy and dilated cardiomyopathy asso
ciated with heart failure. In all these situations, progress is being made 
towards profiling the high-risk candidates for sudden cardiac death. 

Sudden cardiac death also occurs in apparently normal people. For them, 
sudden death is their first, and last, manifestation of cardiac disease. These 
individuals present a major and near insuperable challenge to prospective 
identification. 

Techniques to identify high-risk candidates for sudden death 

Although an arrhythmia is the final mechanism for the majority of instances 
of sudden cardiac death, electrophysiological markers are not well devel
oped. Prognostic ally significant ventricular ectopic beats which may trigger 
ventricular fibrillation can be detected by standard electrocardiography or 
dynamic electrocardiography. The electrophysiological substrate for VF is 
less accessible but QT prolongation, signal averaged late potentials and pro
grammed stimulation responses may be markers of arrhythmogenic potential. 

Clinical history, features of examination, chest X-rays, echocardiography, 
ST analysis on exercise stress testing, nuclear scintigraphy, angiography, 
enzyme profiles, etc, can identify high-risk candidates for sudden death. 
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These features characterise the basic cardiovascular disease and help stage its 
severity. 

High risk profiles and specific conditions 

Survivors of out-of-hospital ventricular fibrillation. VF recurrence in survivors 
of out-of-hospital cardiac arrest is a major concern. A surprising finding of 
community rescue services has been that many patients who were resusci
tated from and survived out-of-hospital cardiac arrest had not suffered an 
acute myocardial infarction. At first this was considered to carry a good 
prognosis but in fact it was these individuals who suffered the highest 
recurrence rates. Patients who infarcted had destroyed their arrhythmogenic 
mechanism whilst those with only ischaemia could reactivate it again in the 
future. All survivors of out-of-hospital ventricular fibrillation who have not 
suffered a myocardial infarction should be investigated, seeking significant 
coronary lesions for surgical or angioplasty procedures [1]. 

Acute phase myocardial infarction. Sudden death, the major complication of 
acute phase myocardial infarction, is most usually due to ventricular fibrilla
tion. The risk of primary ventricular fibrillation (no shock and/or heart 
failure) is highest in the first minutes at a time when ischaemic cells have not 
yet begun the process of necrosis. With maturation of the infarct and the loss 
of electrical activity in the jeopardised cells, the risk of ventricular fibrillation 
gradually falls to become rare after 6-8 hours. The individual at risk of 
primary ventricular fibrillation, cannot be identified reliably. Ventricular 
ectopic beat patterns which were considered to pressage primary ventricular 
fibrillation are neither sensitive nor specific for this complication [2]. Low 
serum potassium levels are associated with a risk of developing primary 
ventricular fibrillation but the relationship is insufficiently reliable to be of 
clinical use. 

Consequences of primary VF. Primary ventricular fibrillation is not always 
successfully reverted to sinus rhythm. Whether those who die were poten
tially salvageable or whether their intractable ventricular fibrillation repre
sents an irretrievable progression of their initial ischaemic event is unknown. 
Concern about failed resuscitation from primary ventricular fibrillation has 
raised interest in the prophylaxis of this arrhythmia [3]. Lidocaine offers 
efficacy, reducing the early VF rate fivefold, but at the risk of a significant 
increase in asystole [4]. 

Individuals successfully resuscitated from primary ventricular fibrillation 
during acute infarction have been shown to resume normal activities and to 
have good prospects for long-term survival [5]. This would be consistent with 
the hypothesis that primary ventricular fibrillation reflects transient unstable 
electrical conditions during the early hours of infarction and is unrelated to 
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infarct size, coronary anatomy or left ventricular function. It has been 
suggested, however, that when primary ventricular fibrillation complicates 
anterior infarction, the long-term prognosis may be as poor as a 32% one
year mortality [6]. Other studies have not confirmed this situation [7]. For the 
present it would seem that any adverse prognostic significance of ventricular 
fibrillation in acute phase infarction must be modest. 

Secondary ventricular fibrillation. The extremely bad prognosis for secondary 
VF (VF complicating AMI in the presence of shock and/or failure) has long 
been recognised. Reliable resuscitation and survival figures are scarce but a 
70% mortality from the initial event and a further 70% one-year mortality 
for the resuscitated survivors is a reasonable estimate. In our department, 
examination of the prognosis for all types of ventricular fibrillation, con
firmed the initial high mortality of this type of VF but indicated that for 
hospital survivors, the long-term prognosis was better than expected [7]. 
Nonetheless, these patients must still be considered high-risk candidates for 
subsequent sudden death. 

Predicting late VF. Infarct survivors at greatest risk of late VF (more than 48 
h after first infarct in the absence of evidence of fresh ischaemia) are those 
who have suffered anteroseptal infarction complicated by right bundle 
branch block and axis shifts [8]. When survivors of these infarct patterns 
were followed in a prospective study, the late VF risk was confirmed but 
perhaps surprisingly was confined to the first six weeks after infarction [9]. 

The risk of reperjusional ventricular fibrillation. In experimental infarction, 
early thrombolytic therapy is associated with reperfusional arrhythmias 
including ventricular fibrillation. It was feared that in man, this arrhythmic 
complication of intra-coronary clot dissolution would prove a contraindica
tion to acute thrombolysis. 

In practice, reperfusion arrhythmias proved rare, suggesting either species 
variation or that clinical reperfusion occurs too late. Certainly at highest risk 
are those successfully reperfused within two hours from the onset of 
symptoms. The late prognostic impact of reperfusional ventricular fibrillation 
has not been assessed. Its occurrence might signify substantial myocardial 
salvage and therefore be of good rather than of adverse prognostic signifi
cance, assuming that the patient is speedily resuscitated. 

The risks post thrombolysis. Concerns that patients who had undergone 
successful thrombolysis would be at high risk of further occlusive events with 
the threat of ventricular fibrillation have proved largely unfounded. Anti
coagulation should be continued for a sufficient period of time to allow 
repair of the ulcerated or fissured plaque and to permit remodelling. Exercise 
stress testing will help define individuals in whom high-grade stenoses persist 
and who may benefit from further investigation. 
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Survivors of acute myocardial infarction. Survivors of acute myocardial 
infarction are identified as having coronary atheroma with the prospect of 
further, possibly fatal events. In reality the post-infarct population comprises 
a large low-risk group and a much smaller group with a significant risk of 
either sudden arrhythmic death or fatal reinfarction. These high-risk patients 
are characterised more by their coronary anatomy, left ventricular function 
and evidence of ischaemia than by features which might reflect an electrical 
propensity of the ventricle to fibrillate. 

High-risk non-electrophysiological features associated with sudden death 
include: left main coronary artery disease, extensive three-vessel coronary 
artery disease, impaired left ventricular function, size of myocardial infarc
tion, increased cardiothoracic ratio, clinical features of cardiac failure, a poor 
effort test and continuing angina particularly if unstable. 

Electrical indicators of a poor prognosis include high-frequency ventricu
lar ectopic beats, sustained monomorphic ventricular tachycardia, left bundle 
branch block, bundle branch block and axis shift complicating anteroseptal 
infarction, QT prolongation, signal averaged late potentials and electrophy
siologically provoked repetitive responses. 

It might be anticipated that the non-electrophysiological features would 
correlate with sudden ischaemic or sudden functional (contractile) death and 
the electrophysiological features with VF. The natural history is not so clear
cut. New ischaemic events may prove fatal through a mechanism of ventri
cular fibrillation and some electrophysiological features (LBBB, frequent 
VEBs,) are related to infarct size and need not necessarily press age VF 
death. 

Late potential detection and positive electrophysiological repetitive re
sponses probably identify the same pathology [10]: an infarct which has 
healed in a mottled pattern to create re-entrant pathways for VT and/or VF. 
There is growing interest in the prospect that signal averaging might be a 
useful non-invasive screening tool to identify patients in whom more detailed 
investigations would be appropriate. Disappointingly, the signal averaged 
QRS shows no reliable alteration when clinically successful antiarrhythmic 
drug therapy is prescribed for the patient. 

Modifying prognosis for high-risk patient groups depends upon the nature 
of the threat. Dynamic ischaemia related to coronary artery disease is 
prognostically benefited by surgery, by angioplasty or perhaps even by drug 
therapy. Functional impairment perhaps will be improved by ACE inhibitor 
therapy. Improving prognosis against an electrophysiological risk is possible 
using electrophysiologically guided antiarrhythmic therapy, implantable car
dioverter defibrillators or surgery. Although high-frequency ventricular 
ectopic beats identify high-risk individuals, management of these patients is 
more complex. Ectopic beat suppression by conventional antiarrhythmic 
drugs has not proved beneficial [11] whilst therapy with beta- ad reno receptor 
blocking therapies has reduced mortality without necessarily affecting ventri-
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cular ectopic beat patterns [12]. Both these aspects are now being challenged. 
Criticisms of early studies employing conventional antiarrhythmic drugs have 
prompted new investigations of the role of conventional membrane depres
sant antiarrhythmic agents in acute infarction [13]. Furthermore, it has been 
suggested that the prognostic benefit of beta-blockers may accrue only to 
those patients in whom ventricular ectopic beats are beneficially influenced 
by prescription of that therapy [14]. Further work on these two aspects is 
awaited. The results have important implications for clinical management. 

Angina. Unstable angina, Prinzmetal variant angina and decubitus angina are 
associated with a high risk of sudden death. The risk of sudden death in 
patients with stable angina is higher than for the normal popUlation but is 
very much lower than for these special categories of angina. Nonetheless, 
stress testing, dynamic electrocardiography, echo cardiography and nuclear 
scintigraphy can identify a group of patients with stable angina who are at 
high risk. These tests identify patients with critical degrees or sites of 
atheroma who should be offered early coronary angiography with a view to 
surgery or angioplasty. 

The congenital long QT syndromes. The overall risk of death in patients with 
the congenital long QT syndrome is not known accurately but appears 
substantial. High-risk individuals are identified by their history of syncope, by 
their manifest ventricular arrhythmias and by the severity of their repolariza
tion changes. The Valsalva manoeuvre has been suggested as usefully 
exaggerating QT prolongation to identify those at risk [IS]. Observational 
results of an International Registry for this condition have been persuasive in 
directing therapy [16]. Management strategies have not been tested by 
standard scientific methods but the rarity of the condition, the biologic 
variability of its presentation and the psychosocial problems of the afflicted 
families, are a major impediment to standard controlled and blinded studies. 
For the present, it appears reasonable to accept that beta-adrenoreceptor 
blockers and/or left stellate ganglionectomy improve prognosis for high-risk 
individuals with these syndromes. 

Patients on antiarrhythmic drugs. Antiarrhythmic drugs can aggravate existing 
arrhythmias or cause new arrhythmias. Florid events are relatively easily 
recognised but more subtle problems may escape attention. Concerns have 
been voiced that an important proportion of sudden deaths may reflect not 
failure of antiarrhythmic drugs but active toxicity. For example, antiarrhyth
mic drugs have been incriminated in out-of-hospital cardiac arrests [17] and 
digoxin-treated elderly survivors of acute myocardial infarction fare less well 
than their non-digoxin taking counterparts [18]. These situations are perhaps 
numerically modest but it is likely that awareness of potentially dangerous 
arrhythmogenic situations will grow with time. It is prudent to consider that 
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all patients taking drugs which modify cardiac electrophysiology are at some 
increased risk of sudden death. Fortunately for most that risk is negligible but 
even then it must be carefully weighed against the anticipated benefits of 
therapy. 

Hypertrophic cardiomyopathy. Hypertrophic cardiomyopathy may pursue a 
benign course but in most studies an important and persistent sudden death 
risk extends from infancy to childhood. The highest risk individuals are those 
with manifest ventricular arrhythmias on 24-hour ECGs and with a family 
history of sudden death [19]. In selected high-risk patients, amiodarone, 
despite its adverse effects, offers a significantly improved prognosis [20]. 

Mitral valve prolapse. Sudden death in mitral valve prolapse is rare. ST and T 
wave changes on the surface ECG, QT prolongation and manifest ventricular 
arrhythmias may identify the high-risk patient [21], but neither the sensitivity 
nor specificity of these features is known. 

Aortic stenosis. Sudden death in aortic stenosis correlates with the pressure 
difference across the aortic valve; emergency management is appropriate for 
those with a 100 mmHg or more transvalvular pressure difference. Haemo
dynamic considerations may have obscured that not all aortic stenotic 
sudden death is mechanical. Patients may die in ventricular fibrillation and 
ventricular ectopic beats found in aortic stenotic patients have been iden
tified as a risk factor [22). 

Heart failure. Heart failure mortality does not necessarily reflect slow 
inexorable mechanical decline. Sudden, presumptively arrhythmic death, is 
not uncommon, the risk correlating loosely with the presence of ventricular 
arrhythmias on 24-hour ECG recordings [23]. Hopes that an observed 
antiarrhythmic action of captopril might indicate that ACE inhibitors could 
reduce sudden death rates in heart failure were not confirmed by the 
Consensus Study in which enalapril significantly reduced mortality but 
through an effect on mechanical rather than sudden death [24). 

Apparently normal individuals. Sudden cardiac death prediction in normal 
individuals is not practical at the present time. A family history of precocious 
cardiac death and a background of multiple risk factors for atheroma might 
indicate a high-risk individual but the specificity and sensitivity offered by 
these features is unacceptably poor. High frequency ventricular ectopic beats 
on a conventional surface electrocardiogram have been advanced as a 
predictor of subsequent mortality [25], but other studies have failed to 
confirm this relationship [26], and for the present such ectopic beat patterns 
should be considered as of no practical significance. 
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Conclusions 

Sudden arrhythmic death is the final common result of many types of cardiac 
disease. Profiling high-risk candidates is an attractive proposition but will 
have relevance only if specificity and sensitivity are high. No single investiga
tion will offer this information. Although the heart is a relatively 
unsophisticated organ capable of only a few failure modes, the complex 
pathophysiology which produces disease mandates that any profile will be 
the result of a wide range of investigations. Predicting preventable sudden 
arrhythmic death is an even greater clinical challenge; knowledge and 
technology must advance much further if it is to be realised. 

References 

1. Weaver WD, Cobb LA, Hallstrom AP, Fahrenbruch C, Copass MK, Ray R: Factors 
influencing survival after out-of-hospital cardiac arrest. J Am Coil Cardiol 1986; 7: 
752-7. 

2. Campbell RWF, Murray A, Julian DG: Ventricular arrhythmias in first 12 hours of acute 
myocardial infarction. Natural history study. Br Heart J 1981; 46: 351-7. 

3. Kertes P, Hunt D:Prophylaxis of primary ventricular fibrillation in acute myocardial 
infarction. The case against lidocaine. Br Heart J 1984; 52: 241-7. 

4. Koster RW, Dunning AJ: Intramuscular lidocaine for prevention of lethal arrhythmias in 
the prehospitalisation phase of acute myocardial infarction. N Eng! J Med 1985; 313: 
1105-10. 

5. Dunn HM, McComb JM, Mackenzie G, Adgey AAJ: Survival to leave hospital from 
ventricular fibrillation. Am Heart J 1986; 112: 745-51. 

6. Schwartz PJ, Zaza A, Grazi S et at: Effects of ventricular fibrillation complicating acute 
myocardial infarction on long term prognosis. Influence of site of infarction. Am J 
Cardiol1985; 57: 384-9. 

7. Dougeni-Christacou V, Dougenis D, Tai YT, McComb J, Campbell RWF: Hospital 
mortality of ventricular tachycardia and fibrillation. Br Heart J 1989; 61: 125. 

8. Lie KI, Liem KL, Schuilenberg RM, David GK, Durrer D: Early identification of patients 
developing late in-hospital ventricular fibrillation after discharge from the coronary care 
unit. A 5.5 year retrospective study of 1897 patients. Am J Cardiol1978; 41: 674-7. 

9. Hauer RNW, Lie KI, Liem KL, Durrer D: Long term prognosis in patients with bundle 
branch block complicating acute anteroseptal infarction. Am J Cardiol 1982; 449: 
1581-5. 

10. Denniss AR, Richards DA, Cody DV et at: Prognostic significance of ventricular 
tachycardia and fibrillation induced at programmed stimulation and delayed potentials 
detected on the signal-averaged electrocardiograms of survivors of acute myocardial 
infarction. Circulation 1986; 74: 731-45. 

11. May GS, Eberlein KA, Furberg CD, Passamani ER, DeMets DL: Secondary prevention 
after myocardial infarction. A review of long term trials. Prog Cardiovasc Dis 1982; 24: 
331-52. 

12. Furberg CD, Hawkins CM, Lischstein E: Effect of propranolol in post infarction patients 
with mechanical or electrical complications. Circulation 1984; 49: 761-5. 

13. CAPS Investigators: The Cardiac Arrhythmia Pilot Study. Am J Cardiol 1984; 54: 87-
90. 

14. Olsson G, Rehnqvist N: Evaluation of antiarrhythmic effects of metoprolol treatment 



120 R. W F. Campbell 

after acute myocardial infarction: relationship between treatment responses and survival 
during a 3 year follow up. Eur Heart J 1986; 7: 312-9. 

15. Mitsutaki A, Takeshita A, Kuroiwa A, Nakamura M: Usefulness of the Valsalva 
manoeuvre in management of the long QT syndrome. Circulation 1981; 63: 1029-35. 

16. Schwartz PJ: The idiopathic long QT syndrome. The need for a prospective registry. Eur 
Heart J 1983; 4: 529-31. 

17. Ruskin IN, McGovern B, Garan H, DiMarco JP, Kelly E: Antiarrhythmic drugs: a 
possible cause of out-of-hospital cardiac arrest. N Engl J Med 1983; 309: 1302-6. 

18. Bigger JT, Fleiss JL, Rolnitzky LM, Merab JP, Ferrick KJ: Effect of digitalis treatment on 
survival after myocardial infarction. Am J Cardiol 1985; 55: 623-30. 

19. McKenna WJ, England D, Doi YL, Deanfield JE, Oakley CM, Goodwin JF: Arrhythmia 
in hypertrophic cardiomyopathy: I Influence on prognosis. Br Heart J 1981; 46: 168-72. 

20. Morady F, Sledge C, Shen E, Sung RJ, Gonzales R, Scheiman MM: Electrophysiological 
testing in the management of patients with the Wolff-Parkinson-White syndrome and 
atrial fibrillation. Am J Cardiol 1983; 51: 1623-8. 

21. Campbell RWF, Godman MJ, Fiddler GI, Marquis RMM, Julian DG: Ventricular 
arrhythmias in syndrome of balloon deformity of mitral valve. Definition of possible high 
risk group. Br Heart J 1976; 38: 1053-7. 

22. Chizner MA, Pearle DL, de Leon AC: The natural history of aortic stenosis in adults. 
Am Heart J 1980; 99: 419-24. 

23. Chakko S, Gheorghiade M: Ventricular arrhythmias in severe heart failure: incidence, 
sigificance and effectiveness of therapy. Am HcartJ 1985; 109: 497-504. 

24. The CONSENSUS Trial Study Group: Effects of enalapril on mortality in severe 
congestive heart failure: results of the Co-operative North Scandinavian Enalapril 
Survival Study (CONSENSUS). N EnglJ Med 1987; 316: 1429-35. 

25. Cullen K, Stenhouse NS, We arne KL, Cumpston GN: Electrocardiographic and 13 year 
cardiovascular mortality in Bussleton study. Br Heart J 1982; 47: 209-12. 

26. Kennedy HL, Whitlock JA, Sprague MK, Kennedy LJ, Buckingham TA, Goldberg RJ: 
Long term follow up of asymptomatic healthy subjects with frequent and complex 
ventricular ectopy. N EnglJ Med 1985; 312: 193-7. 



12. Sudden death in patients 
with intraventricular conduction disorders 

HENRI E. KULBERTUS 

In 1913, Graybiel and Sprague [1] reported on a group of 395 patients with 
bundle branch block (BBB) generally associated with coronary artery or 
hypertensive heart disease. Adequate follow up of 77% of this cohort was 
available and the authors observed 223 fatal cases with an average survival of 
14 months. 

Perera et al. [2] studied 104 cases of right bundle branch block (RBBB), 
95% of whom had heart disease. Of 91 cases with adequate follow up, one 
third had died over a mean period of 4 years. Their series also contained 60 
cases of left bundle branch block (LBBB): 60% were dead at one year. 

Among hospitalized patients with LBBB or RBBB, Messer et al. [3] 
observed a mean survival of 3.3 and 3.9 years respectively. Similarly, 
Campbell [4] followed up 50 patients with BBB of whom 48 had cardiovas
cular disease; 39 died with a mean survival of two years. 

These publications which consider BBB as an ominous sign were all 
derived from observations of hospital based series. It was soon realized that 
the prognosis was much better when BBB was detected in individuals 
without clinical evidence of cardiovascular disease [5-13]. For example, 
Rotman et al. [14] reported their follow up study of 394 subjects with RBBB 
and 125 with LBBB. Most of these subjects were asymptomatic at the time 
of the bundle branch block diagnosis. Complete follow up information was 
available in 94% of the RBBB and 91% of the LBBB patients. The mean 
follow up was 10.8 ± 4.4 years and 8.8 ± 4.8 years, respectively. Only 14 
(4%) RBBB and 9 (8%) LBBB subjects died during this follow up period. 

The same contrast between studies reporting either a guarded or a 
favorable prognosis depending on the population from which the patients 
were derived still persisted in the seventies. 

In 1978, Mc Anulty et al. [15] reviewed all 42,000 electrocardiograms 
recorded at their university from 1969 to 1971. 325 patients had LBBB or 
RBBB with axis deviation. Survival at 5 years of 164 LBBB patients (40.7 ± 
4.1%) was approximately equal to that of 161 patients with RBBB and axis 
deviation (49.5 ± 4.2%). Patients with coronary artery disease had a 
particularly poor prognosis (survival at 5 years: 33.7%), especially if they had 
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evidence of a previous myocardial infarction (survival at 5 years: 23.5%). 
Primary conduction disease occurred in 20%; with a survival of 50.6% at 5 
years, it was not without risks of its own. The same group [16] prospectively 
followed up 257 patients with LBBB or RBBB with axis deviation who had 
undergone His bundle studies. During a follow up of 25 months, 50 patients 
died, 27 suddenly. Actuarial analysis revealed an annual mortality rate of 19 
± 2.6% and a mortality rate from sudden death of 10.2 ± 2.6%. In their 
series, in contrast with the results of Narula et al. [17], HV interval duration 
failed to influence the outcome. Some authors indicated that only greatly 
prolonged HV time may identify a subgroup of patients at high risk of 
sudden death, especially when heart failure is associated [18,19]. 

Dinghra et al. [20] in 1978 reported that, among 102 patients with 
chronic LBBB followed up for 32 to 2,271 days, the cumulative mortality at 
4 years was close to 70% and the mortality by sudden death to 60%. 
According to the same authors (21), among 452 patients with RBBB and 
axis deviation followed up for a period of 1.066 ± 97 days, the cumulative 
mortality by sudden death was 20% ± 2.3 at 4 years. 

In the mean time, reports dealing with patients culled from a private 
practice outpatient population [22] or from a screening examination carried 
out in more than 18,000 London male civil servants [23] yielded the 
dominant impression that among individuals with intraventricular conduction 
disorders and no symptomatic history the risk of sudden death is indeed very 
low. 

Prognosis of intraventricular conduction disorders in asymptomatic subjects 

The Manitoba Study [24] was designed to evaluate the predictive value of the 
ECG for sudden death in the absence of preexisting manifestations of heart 
disease. 3,983 individuals, all former canadian air force pilots, pilots in 
training or licensed pilots, were followed up for 30 years (1948-1978). 

Cases were selected if they fulfilled two criteria: (a) an electrocardiogra
phic abnormality detected during routine examination, and (b) no clinical 
evidence of ischaemic or valvular disease in either that examination or in the 
previous one since entry. 

Of this group, 70 died suddenly (natural death occurring immediately or 
within an estimated period of 24 hours after the onset of acute objective or 
subjective symptoms of ischaemic heart disease). Fifty (71.4%) of the 70 had 
electrocardiographic abnormalities; these included 22 cases (31.4%) with 
ST-T wave changes, 11 (15%) with ventricular premature beats, 9 (12.9%) 
with left ventricular hypertrophy on voltage criteria only, 5 (7.1%) with 
LBBB and 4 (5.7%) with abnormal left axis deviation (LAD: -45° to -90°). 
None had RBBB. 

Left bundle branch block In the Manitoba Study, LBBB without evidence of 
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heart disease was noted in 33 cases. Cardiovascular mortality (all by sudden 
death) was 15.2% (5/33). The age-adjusted sudden death incidence rate was 
17.2 per 1000 person-years, i.e. almost 14 times the incidence in men 
without LBBB. Prognosis in LBBB was dependent on the age of the patient 
at its detection [25]. For men aged 35 to 44 years, there was no increased 
risk of sudden death. On the opposite, among men in the age range of 45 to 
64 years, the 5 year incidence of sudden death as the first manifestation of 
coronary artery disease was more than 10 times higher than among men 
without LBBB. This difference might reflect a difference in etiology. In young 
people, LBBB might be due to a congenital malformation with no adverse 
prognosis [26]. 

Electrocardiographic characteristics of the QRS complex (axis, duration) 
did not influence prognosis although a trend for wider QRS durations to 
indicate a lower survival rate was noted [25]. 

The results of this study indicate that LBBB is a serious finding when it 
develops in men after the age of 40 years. 

Other population studies have indicated that cardiovascular mortality in 
newly acquired LBBB was significantly increased even after considering in 
multivariate analysis age, blood pressure, diabetes, coronary heart disease 
and congestive heart failure [23, 27, 28]. 

Right bundle branch block Different population studies with control or 
comparison groups have demonstrated that complete RBBB with or without 
axis deviation is not a predictor of sudden cardiac death [29, 30]. 

Marked left axis deviation. In men aged 40-59 years, LAD is associated 
with a significantly increased risk of ischaemic heart disease. It is not 
however a predictor of sudden cardiac death [23, 28, 31-33]. 

Personal data. Our modest study of 161 subjects with RBBB, 57 with LBBB 
and 45 with LAD-RBBB, all without evidence of cardiovascular disease, 
followed up for an average of 40 months and compared with controls 
matched for age and sex and devoid of cardiovascular disease failed to show 
any difference in mortality between patients with conduction disorders and 
controls. The projected 5-years mortality rate of all subjects with BBB was 
10%, i.e. exactly the same figure as that obtained among controls. This figure 
is in keeping with the annual mortality rate within the whole French speaking 
part of Belgium which, at the age of 65 years (the men age of our population) 
is 1.75% for women and 4% in men [34-35]. 

Prognosis of BBB in patients with cardiovascular disease 

Due to the lack of accurate data, I shall restrict my remarks to patients with 
myocardial infarction. It is well known that the presence of BBB in the 
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course of a myocardial infarction worsens the prognosis. Several series have 
demonstrated this phenomenon which is illustrated by our own results [35] 
and by pooled results from 12 different studies [36]. One would expect that 
the risk is more dramatically increased in patients with new versus pre
existing BBB, especially if one considers that myocardial infarction patients 
who develop a new BBB generally have larger infarcts which carry the risk of 
cardiogenic shock or heart failure. This hypothesis has been confirmed by 
some [37,38], but not by others [39]. 

In a study published in 1980, Lie et at. [40] reported that of 1.008 
hospital survivors of a myocardial infarction, 26 died suddenly within one 
year of the infarct. Five of them had developed a BBB during their stay in 
the CCU: 4 died within 6 weeks and the last one within 3 months of their 
acute event. 

This is in keeping with data from our own unit [41]. Out of 428 patients 
admitted to the CCU with a diagnosis of myocardial infarction 45 (10.5%) 
died between 0-3 months after admission. Another 45 (11.7% of survivors) 
died between 3 to 33 months. Using a stepwise logistic discrimination 
technique, the following predictors of early mortality (which in the great 
majority was due to sudden death) were discovered: LV function score, 
ventricular fibrillation in the CCU, bundle branch block, history of previous 
myocardial infarction, age, A V block during hospital stay. 

The predictors of late mortality were different and comprised age, anterior 
site of infarction and relatively small MB-CCK peak of less than 650 units. 
The latter finding probably reflects the incomplete character of the infarction 
and indicates that after 3 months, the prognosis is primarily influenced by the 
amount of remaining jeopardized myocardium. The influence of BBB has 
disappeared. This observation may account for the surprising finding that in 
the Coronary Drug Project men with a complete RBBB and a history of 
remote myocardial infarction had no increased risk [42]. 

Conclusions 

Patients with RBBB and without evidence of cardiovascular disease have no 
increased risk of dying suddenly. Controversial results have been obtained as 
regards LBBB which, even if there is no symptomatology, should be 
regarded as a serious finding, at least in men after the age of 40 years. 

In patients with cardiac disease, a BBB indicates a threat of sudden death. 
New BBB's developping during a myocardial infarction are associated with a 
very high mortality, especially by sudden death and during the first three 
months after the infarction. At a later stage, the BBB looses its prognostic 
significance. The residual amount of jeopardized myocardium then plays a 
major role. 



Sudden death in patients with intraventricular conduction disorders 125 

References 

1. Graybiel A, Sprague HB: Bundle branch block: an analysis of 395 cases. Am J Med Sci 
1933; 185: 395. 

2. Perera G, Leine SA, Erlanger H: Prognosis of right bundle branch block: a study of 104 
cases. Brit heart J 1942; 4: 35. 

3. Messer AL, Birmingham A, Johnson RP, Schreevinas M, White PD: Prognosis in bundle 
branch block III. A comparison of right and left bundle branch block with a note on the 
relative incidence of each. Amer Heart J 1951; 41: 239. 

4. Campbell M: The outlook with bundle branch block. Brit Heart J 1969; 31: 575. 
5. Schreevinas M, Messer AL, Johnson RP, White PD: Prognosis in bundle branch block I. 

Factors influencing the survival period in right bundle branch block. Amer Heart J 1950; 
40: 891. 

6. Wood FC, Jeffers WA, Wolferth CC: Follow up study of 74 patients with a right bundle 
branch conduction defect. Amer HeartJ 1935; 10: 1056. 

7. Rodstein M, Gubner R, Mills JP, Lovell JF, Ungerleider HE: A mortality study in bundle 
branch block. Arch Intern Med 1951; 87: 663. 

8. Wolfram J: Bundle branch block without significant heart disease. Amer Heart J 1951; 
41: 656. 

9. Vazifdas JP, Levine SA: Benign bundle branch block. Arch Intern Med 1952; 89: 568. 
10. Lamb LE, Johnson RC: Left bundle branch block is flying personnel. A report of 56 

cases. Aerosp Med 1964; 35: 97. 
11. Massing GK, Lancaster MC: Clinical significance of acquired complete right bundle 

branch block in 59 patients without overt cardiac disease. Aerosp Med 1969; 40: 867. 
12. Beach TB, Gracey JG, Peter PH: Benign left bundle branch block. Ann intern Med 1969; 

70: 269. 
13. Smith RF, Jackson DH, Harthorne JW, Sanders CA: Acquired bundle branch block in a 

healthy population. Amer HeartJ 1970; 80: 746. 
14. Rotman M, Triebwasser JA: A clinical follow up study of right and left bundle branch 

block. Circulation 1975; 41: 477. 
15. Mc Anu1ty JH, Kauffman S, Murphy E, Kassebaum DG, Rahimotoola SH: Survival in 

patients with intraventricular conduction defects. Arch Intern Med 1978; 138:30. 
16. Mc Anu1ty JH, Rahimtoola SH, Murphy EJ, Kauffman S, Ritzmann LW, Kanarek P, De 

Mots H: A prospective study of sudden in 'high risk' bundle branch block. New Engl J 
Med 1978; 299: 209. 

17. Narula OS, Gann D, Samet Ph: Prognostic value of HV intervals in His bundle electro
cardiography and clinical electrophysiology. Narula OS (ED), Philadelphia, FA Davis 
Company 1975; p. 437. 

18. Scheinman M, Weiss A, Kunke F: His bundle recordings in patients with bundle branch 
block and transient neurologic symptoms. Circu1ation 1973; 43: 322. 

19. Scheinman M, Peters RW, Moden G, Brennan M, Mies C, O'Young J: Prognostic value 
of infranodal conduction time in patients with chronic bundle branch block. Circulation 
1977; 56: 240. 

20. Dinghra RC, Amat-Y-Hem F, Wyndham C, Sridhar SS, Wu D, Denes P, Rosen KM: 
Significance of left axis deviation in patients with chronic left bundle branch block. Amer 
J Cardiol1978; 42: 551. 

21. Dinghra RC, Wyndham C, Amat-Y-Hem F, Denes P, Wu D, Sridhar SS, Bustin AG, 
Rosen KM; Incidence and site of atrioventricular block in patients with chronic bifascicu
lar block. Circulation 1979; 59: 238. 

22. Lister JW, Kline RS, Lesser ME: Chronic bilateral bundle branch block. Long term 
observations in ambulatory patients. Brit Heart J 1977; 39: 203. 

23. Rose GA, Baxter PJ, Reid D, Mc Cartney P: Prevalence and prognosis of electrocardiog
raphic findings in middle-aged men. Brit Heart J 1978; 40: 636. 



126 H. E. Kulbertus 

24. Rabkin SW, Mathews FAL, Tate RB: The electrocardiogram in apparently healthy men 
and the risk of sudden death. Brit Heart J 1982; 47: 546. 

25. Rabkin SN, Mathewson FAL, Tate RB: Natural history of left bundle branch block. Brit 
HeartJ 1980; 43: 164. 

26. Rabkin SN: Electrocardiographic abnormalities in apparently healthy men and the risk of 
sudden death. Drugs 1984; Suppl I: 28. 

27. Schneider JF, Thomas Jr HE, Kuger BE, McNamara PM, Kannel WB: Newly acquired 
left bundle branch block. The Framingham Study. Ann Intern Med 1979; 90: 303. 

28. Blackburn A, Taylor HL, Key SA: The electrocardiogram in prediction of five year 
coronary heart disease incidence among men aged forty through fifty-nine. Circulation 
1970; 41 & 42; supplI: 154. 

29. Rabkin SW, Mathewson FAL, Tate RB: The natural history of right bundle branch block 
and frontal plans QRS axis in apparently healthy men. Chest 1981; 80: 191. 

30. Schenider RF, Jackson DH, Hawthorne JW, Sanders CA: Acquired bundle branch block 
in a healthy population. Amer HeartJ 1980; 92: 37. 

31. Rabkin SW, Mathewson FAL, Tate RB: The relationship of left axis deviation in 
apparently healthy men to the risk of ischemic heart disease. International Journal of 
Cardiology 1981; 1: 169. 

32. Cullen K, Stenhouse NS, Wearne KL, Cumpston GN: Electrocardiograms and 13 year 
cardiovascular mortality in Busselton study. Brit Heart J 1982; 47: 209. 

33. Tunstall-Pedoe HD: Predictability of sudden death from resting electrocardiograms: effect 
of previous manifestation of coronary heart disease. Brit Heart J 1978; 40: 630. 

34. Kulbertus HE: De Level-Rutten F, Albert A, Dubois M, Petit JM: Electrocardiographic 
changes occurring with advancing age, In: What's New in Electrocardiography. HJJ 
Wellens and HE Kulbertus (eds). Martinus Nijhoff Publishers. The Hague (1981 ), p. 300. 

35. Kulbertus HE: Prognostic significance of fascicular blocks in acute myocardial infarction, 
In: The first 24 Hours in Myocardial Infarction. F. Kainde, O. Pachinger, P. Probst (eds). 
Verlag Gerhard Witzotrock, Baden-Baden (1977), p. 33. 

36. Mullens CB, Atkins JM: Prognosis and management of ventricular conduction blocks in 
acute myocardial infarction. Mod Concepts Cardiovasc dis 1976; 45: 129. 

37. Lie KI, Wellens HJJm, Schnilenburg RM: Bundle branch block and myocardial infarc
tion, In: The Conduction System of the Heart. HJJ Wellens, KI Lie, MJ Janse (eds). 
Stenfert Kroese, Leiden, 1976. 

38. Nimetz AA, Shubrooks SJ Jr, Hutter AM Jr, De Sanctis RW: Significance of chronic 
versus acute myocardial infarction. Amer HeartJ 1975; 90: 439. 

39. Gann D, Balachandran PK, El Sherif N, Samet P: Prognostic significance of chronic 
versus acute bundle branch block in acute myocardial infarction. Chest 1975; 67: 298. 

40. Lie KI, Manger Cats V, Durrer D: CCU findings useful for identification of sudden death 
candidates in the post-hospital phase of myocardial infarction, In: Sudden Death. HE 
Kulbertus, HJJ Wellens (eds). (Developments in Cardiovascular Medicine, Vol. 4.1 
Martinus Nijhoff, The Hague (1980), p. 232. 

41. Pierard L, Chapelle JP, Albert A, Dubois Ch, Kulbertus HE: Differing characteristics 
associated with early versus late mortality after acute myocardial infarction (in press). 

42. Blackburn H, Tominaga S: Prognostic significance of electrocardiogram after myocardial 
infarction. Ann Inter Med 1972; 77: 677. 



13. Acute drug test 

A. BAYES DE LUNA, J. GUINDO, S. GARCIA-sANcHEZ, 
P. TORNERand R. OTER 

Initially introduced by Lown et al .. [1-4], these authors demonstrated the 
efficacy of this test in the treatment of patients with malignant ventricular 
arrhythmias. The test consists of the administration of acute oral doses of 
antiarrhythmic drug so as to determine whether the drug can suppress the 
premature ventricular contractions. If this is the case, it is probable that 
chronic administration of the antiarrhythmic will be useful. The acute drug 
test also allows us to know if the drug has an arrhythmogenic effect. The aims 
of the acute drug test, therefore, are: 
a) to identify therapy for arrhythmias more scientifically and less empiri

cally; 
b) to objectively prove whether the therapeutic efficacy of the drugs 

administered acutely is maintained with chronic administration; 
c) to avoid iatrogenic risks (specially arrhythmogenesis) of antiarrhythmic 

drugs. 

Design of the test 

The test was originally divided by Lown et al. [1-4] into 4 phases. With a 
slight modification [5-7], we presently perform the test as follows: 

Phase O. Inclusion criteria comprise patients with any type of ventricular 
arrhythmia to be treated. This includes patients with previous malignant 
ventricular arrhythmias (symptomatic ventricular tachycardia or ventricular 
fibrillation outside acute infarction), patients with potentially malignant 
ventricular arrhythmias and the rare cases of patients with benign ventricular 
arrhythmias that we consider must be treated. Prior to inclusion a 48 hour 
Holter monitoring is performed to determine the exact amount of premature 
ventricular contractions and the spontaneous variability. Although this 
spontaneous variability exists these patients are included because we want to 
be sure that the drug being used is not arrhythmogenic. All antiarrhythmic 
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medication is stopped and data from Holter monitoring, effort testing, 
echocardiography and/or isotopic ventriculography are collected. 

Phase 1. Acute test. After one hour of continuous basal ECG recording 
which shows the actual number of ventricular arrhythmias, half the main
tenance dose of the chosen antiarrhythmic drug is administered in order to 
prove the reduction of premature ventricular complexes (PVC). Although we 
do not find PVC during this hour we performed the test in order to be sure 
that the drug is not arrhythmogenic. Continuous ECG recording during 3-5 
hour control, bicycle stress test (until functional limit), mental stress and 
plasma levels are carried out every hour. In patients with malignant ventri
cular arrhythmias even if the test is positive, ideally several tests should be 
performed (one every 24 hours, with an average of 6 tests per patient in 
Lown's experience). The most effective agent or combination of agents is 
then selected. 

The protocol as designed by Lown et al. [1-4] represent a real anti
arrhythmogram for the patient, found to be very useful in cases of malignant 
ventricular arrhythmias. However testing so many drugs is very cumbersome, 
complicated and impractical, especially in patients with potentially malignant 
ventricular arrhythmias in which it is difficult to justify such effort when the 
benefit of antiarrhythmic treatment in such cases is still not well known. Fa" 
this reason in our modified protocol (Figure 1) in patients with non-malig
nant ventricular arrhythmias [5-7], if we find a positive response to the first 
drug, we immediately go to phase 2, with the same drug. Therefore, as we are 
using a very effective antiarrhythmic agent as a first choice drug we only use 
one drug in nearly 80% of the patients. Thus, we are not performing a full 
antiarrhythmogram. Besides, if the test is negative, as the arrhythmia is not 
malignant we can give the drug until we know the response in phase 2. 

Phase 2. Following several days of treatment with the chosen antiarrhythmic 
drug as a first choice drug and when the steady-state of the drug is 
established, a 24-48 hours Holter monitoring and an effort test are 
performed. Concordance between the suppression of premature ventricular 
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Figure 1. Scheme of our modified protocol of acute drug test. (Adapted from Bayes de Luna 
et al. [5]) 
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contractions in the acute test (phase 1) and phase 2 has been found in 80-
85% of cases [1 , 61. If we find that the response to the drug is negative, 
treatment with another drug is begun. 

Phase 3. Clinical follow-up with repeated Holter monitoring. It is interesting 
to note that in our experience with potentially malignant ventricular arrhyth
mias, no patient with positive response in phase 2 developped arrhythmo
genia in the follow-up [6, 7]. 

Discussion 

Lown's group [1] affirmed that they were able to carry out acute drug tests in 
over 70% of their patients with malignant ventricular arrhythmias (123/175) 
as they had frequent spontaneous arrhythmias. Using this methodology in 
123 patients with malignant ventricular arrhythmias they demonstrated that 
annual mortality declined from 41% to 2.3% in individuals in whom grade 
4B and 5 ventricular arrhythmias (runs of ventricular tachycardia and 
R-on-T phenomenon) were supressed (Figure 2). The same group recently 
published a paper [41 that reaffirmed the effectiveness of antiarrhythmic 
treatment in the prevention of sudden death. They found that after several 
years without recurrences withdrawal of treatment was followed by a high 
incidence of recurrent malignant ventricular arrhythmias and sudden death. 
Of 24 patients who discontinued treatment for different motives, 12 (50%) 
suffered recurrence of malignant ventricular arrhythmia (9 with cardiac 
arrest), and in 11 (46%) the ventricular arrhythmia was of the same degree as 
before treatment. 

It seems surprising that the spectacular results of Lown's group [1] have 
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Figure 2. Efficacy of the acute drug test in the treatment of malignant ventricular arrhythmias 
in Lown's group (from Graboys et al. [2]) . 
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received more criticism than praise. It is obvious .that the work may be 
criticized for not having a control group, but we think it is evident that this is 
not ethically justified in a group of patients at such high risk of mortality. 
There are other limitations, but nevertheless it seems strange that, contrary to 
what occurred with the evaluation of antiarrhythmic treatment by intra
cardiac electrophysiological studies with corroboration by numerous groups 
[8-12] there have been almost no other studies with a reasonable number of 
patients with malignant ventricular arrhythmias which have duplicated 
Lown's results. Lown's results [1-4] with acute drug testing in patients with 
malignant ventricular arrhythmias are similar to those obtained in other 
groups by selecting the drug by intracardiac electrophysiological studies [12] 
(Table 1). There are no large series of comparative studies of the acute drug 
test and programmed electrical stimulation. However, in the recent paper of 
Mitchell et al. [13], programmed electrical stimulation seems to offer better 
results than the acute drug test, although the series is small. This finding will 
have to be confirmed in larger series. If the two techniques are found to be 
similarly effective, we recommend the acute drug test in all patients with 
frequent arrhythmias in Holter monitoring, and electrophysiologic studies in 
the other cases. Nevertheless, the acute drug test can even be useful in the 
group of patients with malignant arrhythmias but without ventricular arrhyth
mias in phase 0 in order to to rule out arrhythmogenesis. In these patients, 
the treatment could be controlled by monitoring the plasma levels of the 
antiarrhythmic drugs. 

Both the acute drug test and programmed electrical stimulation have some 
drawbacks [14]. In the first place, in order to be sure of the antiarrhythmic 
efficacy of the drug, the acute drug test has limitations in patients without 
frequent ventricular arrhythmias in the Holter recording and great day-to-day 
variability, although it can be adjusted to rule out arrhythmogenesis. More
over, criteria for efficacy and arrhythmogenesis have been determined intui
tively and it is not known if they are the most adequate. Nevertheless, in 
some cases the results in phase 1 are not the same in phase 2 and 3. 
Programmed electrical stimulation as well as being more invasive, is even 
more expensive and complex than the acute drug test, thus notably limiting 
its repeated use. This invasiveness also affects the cardiologist who performs 

Table 1. Outcome of treatment programs for malignant ventricular arrhytiunias. (From 
Swerdlow et al. N Engl J Med 1983; 308: 1436). 

Responder Nonresponder 

3 year 3 year 

N mortality rate N mortality rate 

Holter/exercise 98 14% 25 84% 
Electrophysiologic studies 103 20% 102 68% 
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the test, since the provocation of a malignant ventricular arrhythmia and the 
necessary resuscitation maneuvers produce intense psychic stress. Moreover, 
there is no uniform stimulation protocol, and the true significance of the 
arrhythmias induced artificially in the laboratory and whether they correlate 
with the patient's spontaneous arrhythmias is unknown. Furthermore, it has 
been demonstrated that certain antiarrhythmic drugs that do not prevent the 
reinduction of arrhythmias are highly effective in chronic treatment (for 
example amiodarone and propafenone). 

The value of the acute drug test in the choice of drug for patients with 
potentially malignant ventricular arrhythmias is unknown, although it seems 
logical, and more after withdrawn flecainide and encainide of CAST due to 
its pro arrhythmic effects, that in patients in whom the efficacy of the drug is 
not established, we must at least rule out provocation of arrhythmias. Never
theless we have to consider that proarrhythmia in CAST trial appears not 
only early (detected by acute drug test) but also late in the follow-up (15), 
and acute drug test in this case cannot predict the later. Early proarrhythmia 
has been observed by Velebit et al. [16] that can be produced by all 
antiarrhythmic agents. We think that the best acute drug testing approach in 
patients with benign or potentially malignant ventricular arrhythmias is the 
form which we have used, looking for an effective drug and not carrying out 
the complete screening (Figure 1). Our drug of first choice is propafenone, 
but we feel that quinidine, procainamide, mexiletine, flecainide and tocainide, 
etc., may also be useful. The problem with amiodarone is that due to its 
pharmakocinetic characteristics it requires hospitalization for 8-10 hours 
and in the case of failure it interferes with the administration of other drugs. 
However, Coumel et al. [17] have demonstrated that amiodarone can be 
used in an acute drug test. 

We consider that the acute drug test can be useful in patients with 
potentially malignant ventricular arrhythmias, although we need to be able to 
answer several questions, including: 
a) the number of positive cases in phase 1 which continue to be positive in 

phase 2 and 3; 
b) the number of negative cases in phase 1 which are positive in phases 2 

and 3; 
c) to see whether the arrhythmogenesis seen in phase 1 continues in phase 

2; 
d) to see if there are cases in which arrhythmogenesis occurs in phase 2 but 

not in phase 1. 
At present we can partly answer (a), (b) and (d). It does not seem ethical 

to discuss (c) although the criteria for arrhythmogenesis are debatable. We 
cannot be sure when an increase in the number of premature ventricular 
contractions is truly dangerous but when confronted with a clear increase of 
the arrhythmia it is obvious that this medication should not be continued. 
The true incidence of arrhythmogenesis is probably less than that suggested 
in publications [16]. 
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Table 2. Results of acute drug test in patients with potentially 
malignant ventricular arrhythmias using propafenone as a drug of 
choice. 

Positive response 
Negative response 
Arrhythmogenesis 

Phase I 

27/40 (67.5%) 
11/40 (27.5%) 

2/40 (5%) 

Phase II 

37/38(71%) 
11138(29%) 
0/38 (-) 

In our experience with our modified protocol and using propafenone [7] 
as the drug of first choice we think we can answer some of the above 
problems: 
a) the number of cases with a positive response in phase 1 was 67.5% and 

of these, 71% were also positive in phase 2 (Table 2); 
b) there is a good correlation between phase 1 and phase 2 (84%). The 

percentage of negative cases in phase 1 that become positive in phase 2 
or positive cases in phase 1 that become negative in phase 2 is quite low 
(16%); 

c) the arrhythmogenesis of propafenone is low (5%) and it is noteworthy 
that no patient with positive response in phase 2 developped arrhythmo
genia in the follow-up. 

The acute drug test therefore appears to be a good method for avoiding 
the risk of early proarrhythmic effects of antiarrhythmic drugs. 

In conclusion, we think that the acute drug test is a valid method to treat 
patients with ventricular arrhythmias, and also to avoid early proarrhythmia. 
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14. Malignant ventricular arrhythmias 
Serial eiectrophysioiogic testing 

JESUS ALMENDRAL and ANGEL ARENAL 

The majority of patients with sustained ventricular tachyarrhythmias are 
characterized by a scarce number of arrhythmic events but with serious 
clinical compromise. 

The scarce number of spontaneous episodes make therapeutic efficacy 
difficult to assess: the favorable course of a given patient after the initiation 
of an antiarrhythmic drug treatment may represent therapeutic efficacy, but 
that may also happen just by chance. 

The usually serious clinical compromise of these arrhythmic events, make 
the "empiric method" (in which the physician infers the therapeutic efficacy 
only by the absence of recurrences during the follow-up) undesirable for the 
selection of antiarrhythmic drugs in this context. It will be preferable to have 
"guidelines" in this choice. 

First Wellens et al. [1] and then Josephson et al. [2] observed that in 
patients with recurrent sustained ventricular tachycardias (VT) a morphologi
cally similar tachyarrhythmia could usually be initiated by programmed 
electrical stimulation. As a consequence, it was hypothesized that, if a drug 
was efficacious in the prophylaxis of arrhythmic recurrences, it should 
prevent the initiation of these arrhythmias by programmed electrical stimula
tion. Otherwise, the arrhythmia would persist inducible. The attempts to 
support or reject this hypothesis on the basis of a scientific analysis have 
generated a lot of literature, but the subject still remains controversial. The 
purpose of the present chapter is to review this information and critically 
analyze the role of programmed electrical stimulation as a guide in the choice 
of pharmacologic therapy. 

The method: description and general considerations 

Table 1 describes the method of serial electrophysiologic testing. It is 
necessary to perform programmed electrical stimulation on the baseline 
(without antiarrhythmic therapy) to show that, on the baseline state, the 

A. Bayes de Luna et a1. (eds.): Sudden Cardiac Death, 135-145. 
© 1991 K1uwer Academic Publishers, Dordrecht. 
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Table 1. The method of programmed electrical stimulation to guide the selection of anti
arrhythmic drugs. 

1. Baseline programmed electrical stimulation 
2. Positive response: initiation of a sustained ventricular tachyarrhythmia 
3. Antiarrhythmic drug A 
4. Programmed electrical stimulation on antiarrhythmic therapy 
5. If a positive response: return to 3 with another antiarrhythmic drug (B ... ) 
6. If a negative response (no initiation of tachyarrhythmias): continue with the same 

antiarrhythmic drug on a chronic basis 

arrhythmia is inducible, i.e. it can be initiated by programmed electrical 
stimulation. 

There has been some controversy as to what can be considered a satisfac
tory drug response. Table 2 includes several criteria proposed to represent a 
satisfactory pharmacologic response. It has been suggested that a mere 
narrowing of the tachycardia zone or an increase in the number of extra
stimuli required for the initiation of the tachyarrhythmia are indicators of a 
good drug response. It has also been suggested that the slowing of the 
induced tachycardia is a good prognostic sign. In contrast, other authors 
consider a drug prophylactic only if nonsustained tachycardia, longer than 3 
to 6 beats, was also abolished. At the present time, it seems to us that the 
most adequate criterium is the absence of an inducible sustained tachyar
rhythmia, in response to a complete stimulation protocol, provided that a 
sustained arrhythmia was induced in the baseline study. 

Table 2. Electrophysiologic criteria for efficacy of antiarrhythmic drugs. 

Narrowing of tachycardia 'window' 
Need for a more "aggressive" stimulation for initiation 
Suppression of inducibility of non sustained VT 
Slowing of the tachycardia induced 
Suppression of inducibility of the clinical arrhythmia 

However, two recent studies [3, 4] emphasize the possible clinical efficacy 
related to responses other than a complete suppression of inducibility, as will 
be discussed later. 

Prior to the review of individual studies, several considerations need to be 
pointed out because they influence the bulk of the available information 
(Table 3). The patients whose clinical presentation is cardiac arrest have 
worse prognosis and distinct electrophysiologic characteristics as compared 
to those presenting with sustained ventricular tachycardia without cardiac 
arrest [5]. Likewise, the cardiac diagnosis influences the prognosis [6]. In the 
majority of studies the end point is described as either sudden death or 
recurrence of sustained tachycardia; although it is quite clear that they are 
distinct events, they only tend to be considered separately in the most recent 
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Table 3. Important considerations in assessing the information related to ventricular tachyar
rhythmias. 

1. Clinical presentation: cardiac arrest vs sustained VT 
2. Structural heart disease: coronary artery disease, dilated cardiomyopathy, right ventri

cular dysplasia, absence of structural heart disease. 
3. End point of the study: sudden death vs recurrence of sustained VT 
4. Presence/absence of other therapeutic alternatives: subendocardial resection, implant

able devices, cardiac fulguration. 

studies. Finally, the studies are biased to some extent by the introduction of 
non pharmacologic therapy to a variable degree depending upon the group 
and the time of the study. 

Having raised all these considerations we should try to answer 3 basic 
questions regarding the method of programmed electrical stimulation: is it 
applicable? Is it reliable? Is it appropriate? 

Inducibility of the clinical arrhythmia 

Patients with sustained ventricular tachycardia. Table 4 reflects the percent
ages of inducibility reported by different groups in patients presenting 
clinically with sustained uniform VT, excluding the first 48 hours of an acute 
myocardial infarction [7-12]. Considering these series together, in 90% of 
such patients a uniform, sustained, morphologically similar arrhythmia can be 
induced by programmed electrical stimulation. The incidence appears to be 
higher when the stimulation protocol includes a third extrastimuli [13], 
multiple right ventricular sites [14] an eventually the left ventricle [15]. 
Although the majority of cases in the reported series had coronary artery 
disease, patients with VT and no organic heart disease also appear to have a 
high incidence of inducibility. In patients with cardiomyopathy, the results 
are more discordant, the inducibility rate ranging from 52 to 100% [10, 16, 
17]. 

Table 4. Inducibility in patients with sustained ventricular tachycardia. 

Authors 

Fisher et al. (1978) [7] 
Horowitz etal. (1978) [8] 
Mason eta!' (1978) [9] 
Naccarelli et ai. (1982) [10] 
Buxton etal. (1983) [11] 
Schoenfeld et al. (1985) [12] 

Number of 
patients 

19 
20 

186 
39 

102 
91 

Inducible 

No. % 

18 95 
20 100 

165 89 
27 69 

101 99 
81 89 
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Patients with out-oj-hospital arrest. In patients presenting clinically with out
of-hospital cardiac arrest, the initial arrhythmia causing the episode is usually 
unknown. However, when the arrest is not the initial event of an acute 
myocardial infarction, in 60 to 90% a fast ventricular arrhythmia, that could 
have been the cause of the arrest, can be induced by programmed electrical 
stimulation [18-22] (Table 5). The induced arrhythmia is sustained VT in 
the majority of cases, ventricular fibrillation in some 15% and VT degener
ating to ventricular fibrillation in about 10% [21]. A relationship has been 
suggested between the initial documented rhythm at the time of the arrest 
and the chances of inducibility, being the arrhythmias less likely to be 
induced if the initial rhythm was ventricular fibrillation as opposed to VT 
[23]. 

Table 5. Inducibility in patients with cardiac arrest. 

Authors 

Kehoe et al. (1982) [18] 
Benditt et al. (1983) [19) 
Morady et at. (1983) [20] 
Roy et at. (1983) [21) 
Wilber et al. (1988) [22) 

Number of 
patients 

44 
34 
45 

119 
166 

Inducible 

No. % 

28 64 
30 88 
34 76 
72 61 

131 79 

Relationship between the response to programmed electrical stimulation 
and the clinical outcome 

The crucial step to the electrophysiologic approach is the correlation 
between drug response in the laboratory and clinical outcome. Unfortunately, 
there are almost no controlled studies addressing this issue. However, several 
non-controlled studies have been reported, involving small number of 
patients with rather short follow-up, and using mainly Type IA antiarrhyth
mics. It has to be realized that the results could be partially biased because 
some of the nonresponders to conventional antiarrhythmics were operated 
on or received experimental drugs. 

Predictive value oj suppression oj inducibility. Tables 6, 7 and 8 summarize 
the information concerning patients in whom inducibility of tachyarrhythmias 
was suppressed by antiarrhythmic agents [3, 10, 18, 22, 24-29]. Despite 
some variability in percentages overall, the life expectancy free of arrhythmic 
events is 85 to 90%. It is interesting to note that differences between older 
and more recent series are not apparent. 

Predictive value oj persistence oj inducibility. Tables 9, 10, and 11 summarize 



Table 6. Sustained ventricular tachycardia. 
Suppression of inducibility: favorable out
come. 

Authors Favorable outcome 

No. % 

Ruskin et al. [25] 17 15 88 
Naccarelli et al. [10] 9 9 100 
Horowitz et al. [26] 65 61 94 
Kim et al. [27] 23 19 83 

Total 114 104 91 

Table 7. Out of hospital cardiac arrest. Sup-
pression of inducibility: favorable outcome. 

Authors Favorable outcome 

No. % 

Kehoe et al. [18] 5 5 100 
Morady et al. [20] 9 6 66 
Benditt et al. [19] 21 20 95 
Roy et al. [21] 24 17 71 
Wilber et al. [22] 91 90 88 

Total 150 128 85 

Table 8. Series including patients with car-
diac arrest and sustained ventricular tachy-
cardia. Suppression of inducibility: favorable 
outcome. 

Authors Favorable outcome 

No. % 

Mason et al. [28] 39 28 72 
Swerdlon et al. [29] 100 88 88 
Mitchell et al. [24] 15 14 93 
Borggrefe et al. [3] 34 32 94 

Total 188 162 86 
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Table 9. Sustained ventricular tachycardia. 
Persistence of inducibility: unfavorable out
come. 

Authors Arrhythmic events 

No. % 

Ruskin et al. [25] 5 4 80 
Naccarelli et al. [10] 15 6 40 
Horowitz et al. [26] 46 42 91 

Total 66 52 79 

Table 10. Out of hospital cardiac arrest. Per-
sistence of inducibility: unfavorable outcome. 

Authors Arrhythmic events 

No. % 

Kehoe et al. [18] 9 7 78 
Benditt et al. [19] 5 2 40 
Roy et al. [21] 9 3 33 
Wilber et al. [22] 36 12 33 

Total 59 24 41 

Table 11. Series including patients with 
cardiac arrest and sustained ventricular 
tachycardia. Persistence of inducibility: un-
favorable outcome. 

Authors Arrhythmic events 

No. % 

Mason et al. [28] 19 6 32 
Swerdow et al. [29] 103 39 38 
Borggrefe et al. [3] 54 17 32 

Total 176 62 35 
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data related to patients treated chronically with antiarrhythmic drugs with 
which inducibility of ventricular tachyarrhythmias persisted [3, 10, 18, 19, 
21, 22, 25, 26, 28, 291. In the analysis of these data, we would like to 
emphasize: 
1. In all the studies the probability of an arrhythmic recurrence is higher 

among patients in whom ventricular arrhythmias remain inducible than 
among those in whom inducibility of ventricular arrhythmias have been 
suppressed (Tables 6, 7, and 8). This means that programmed stimulation 
allows either the prediction of which antiarrhythmic drugs are more useful 
than others in each patient, or at least the selection of high and low risk 
subgroups under a particular drug regimen (a marker of risk). 

2. The probability of recurrence tends to be lower in patients presenting 
clinically with cardiac arrest (Table 10), than in those with sustained VT 
(Table 9), although the clinical consequences of a recurrence are more 
serious in the former group. 

3. The predictive value of persistence of inducibility for a clinical recurrence 
is, in general, low, ranging between 30 and 50%. 

Sudden death and suppression/persistence of inducibility. Most reported series 
describe sudden death and sustained VT together as 'arrhythmic events'. 
Although the latter is an undersirable and serious event, sudden death is 
obviously more relevant, and needs to be considered separately. 

Swerdlow et al. [291 reported on 239 patients and 44 sudden deaths. The 
incidence of sudden death was 12% among 100 patients with a favorable 
electrophysiologic response, and 31 % in 63 patients with an unfavorable 
response (Figure 1). Moreover, the lack of a favorable electrophysiologic 
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Figure I. Acturial curve of patients free of sudden death, according to whether they had a 
good response ("responders") or a poor response ("nonresponders") to programmed electrical 
stimulation. Reproduced from Swerdlow el aZ. 1291. 
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response and the functional class were the only independent predictors of 
sudden death [29J. 

Wilber et al. [22J reported on 166 patients with out-of-hospital cardiac 
arrest. The recurrence rate of cardiac arrest among 91 patients in whom a 
ventricular tachyarrhythmia was inducible in the baseline study, but it was 
suppressed with antiarrhythmic agents, was 12% (6 of 11 patients that 
recurred had discontinued the prescribed treatment). This is in contrast 
significantly lower than the 36% cardiac arrest recurrence rate among the 36 
patients who had inducible ventricular tachyarrhythmias on the baseline 
state, but that were still inducible on the antiarrhythmic regimen with which 
they were discharged (Figure 2). In a multivariate analysis, only persistence 
of inducibility and ejection fraction were independent predictors of risk [22J. 

Waller et al. [4J observed that both sudden death and total mortality were 
lower in patients in whom inducibility of ventricular arrhythmias was 
suppressed. These investigators identified a subgroup of patients in whom a 
sustained VT remained inducible but was significantly slowed by antiarrhyth
mic drugs. The sustained VT recurrence rate in these patients (39%) was 
similar to that of the other patients in whom ventricular tachyarrhythmias 
remained inducible (50%). However, in patients whose VT were slowed 
down, both total mortality (12%) and sudden death (4%) were similar to 
those in whom inducibility of VT was suppressed, and significantly lower 
than in those in whom VT were not slowed down. 

Our own series. We have recently reported on a series of patients in whom 
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Figure 2. Acturial curve of patients free of cardiac arrest, according to whether ventricular 
tachyarrhythmia was "inducible" or "non inducible" in the baseline state, and whether 
inducibility was "suppressed" or not Cnonsuppressed") with antiarrhythmic drugs. RCA: 
recurrent cardiac arrest X-axis: years. Reproduced from Wilber et al. [221 . 
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antiarrhythmic therapy was guided by programmed stimulation [30]. Forty
six patients with sustained or syncopal ventricular tachyarrhythmias (10 with 
cardiac arrest) underwent programmed ventricular stimulation on the base
line and on antiarrhythmic therapy. Inducibility of ventricular tachyarrhyth
mias was suppressed with type I drugs in 16/42 (38%), after subendocardial 
resection in 5/6 (83%) and with amiodarone in 1/15 (7%). After a minimum 
follow-up of 6 months (mean 19 months) in 45 patients (1 patient lost to 
follow-up), there have been no deaths or arrhythmic recurrences among 19 
patients in whom inducibility of VT was suppressed (fable 12), although 1 
patient had syncope after 36 months of follow-up. There have been 4 deaths 
(3 of them arrhythmic, 14%), and 2 arrhythmic recurrences (1 of them 
suspected) among the other patients. These 2 groups are not comparable but 
confirm the favorable outcome of patients in whom inducibility of arrhyth
mias have been suppressed. 

Table 12. Clinical follow-up of 46 patients with sustained ventricular tachyarrhythmias (6-
36 month follow-up, mean 19 months). 

Inducibility suppressed (n = 19): 
Deaths: 0 
Recurrences: 0 

- Clinical events: 1 syncope 

Amiodarone (n = 22): 
- Deaths: 4 (18%) 
- Arrhythmic deaths: 3 (14%) 

Recurrences: 1 documented, 1 suspected 
- Clinical events: 0 

New criteria of antiarrhythmic efficacy. Recently, Borggrefe et al have 
reported a new criteria for antiarrhythmic efficacy [3]. These investigators 
perform an stimulation protocol that includes 4 basic cycle lengths. They 
identify a subgroup of patients in whom VT remains inducible on anti
arrhythmic agents but it is induced with a basic cycle length faster than that 
necessary for induction on the baseline study. The prognosis of such patients 
is favorable, similar to that of those in whom inducibility of VT is 
suppressed, and significantly better than the remaining patients in whom VT 
remains inducible with a similar basic cycle length (Figure 3). 

Waller et al. [4] in a study previously alluded to [4], identified the 
subgroup of patients with a marked slowing of the induced VT, as having a 
good life expectancy despite a high VT recurrence rate. 

Conclusions 

Although today, after more than 20 years of programmed stimulation of the 
heart, there are still problems with the stimulation protocols, the findings, 
and their interpretation, we feel that the bulk of the available information can 
be summarized into a few conclusions: 
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Figure 3. Actuarial curve of patients free of arrhythmic events according to whether induci
bility was "suppressed", tachyarrhythmia was "more difficult to induce" or persisted the same 
("no change"). X-asis: weeks. Reproduced from Borggrefe et al. [3) . 

1. The method of programmed stimulation as a guide for the selection of 
antiarrhythmic agents, is applicable to a majority of patients with sus
tained ventricular tachyarrhythmias (to 90% of patients presenting with 
sustained VT, and to 70% of those presenting clinically with cardiac 
arrest). 

2. Suppression of inducibility of ventricular arrhythmias (that were inducible 
on the baseline study) by antiarrhythmic drugs, can be obtained in 30-
40% of patients, and accurately predicts a good prognosis regarding both 
sudden death and arrhythmic recurrences. 

3. Although the probability of recurrence and sudden death are, in general, 
higher when inducibility persists despite therapy, its predictive value of 
arrhythmic events is relatively low (30-50%). 

4. In this context, the recently identified electro physiologic predictors of 
efficacy, although requiring further evaluation, are of prime interest. 

5. In view of the existence of non pharmacologic therapeutic alternatives 
highly efficacious although with a higher risk and/ or cost (surgical 
subendocardial resection, implantable cardioverter defibrillator), we feel 
that the more severe the clinical presentation, the more appropriate the 
programmed stimulation method and the more recommended its use. 
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Introduction 

Sudden death represents the most frequent mode of death in patients with 
coronary artery disease, particularly during the first year after a myocardial 
infarction [1, 2]. 

Although the majority of patients with malignant ventricular arrhythmias 
suffer from coronary artery disease, there is a group of patients who have 
recurrent episodes of sustained monomorphic ventricular tachycardia or 
ventricular fibrillation with either no identifiable heart disease or a structural 
heart disease due to causes other than coronary artery disease [3-5]. 

There are several approaches to treat patients with ventricular tachycardia 
or ventricular fibrillation: medical treatment with antiarrhythmic drugs, 
endocardial catheter ablation, mapping guided surgery and implantation of 
electrical devices such as the automatic implantable cardioverter defibrillator 
(AICD). 

The purpose of this presentation is to summarize our experience with 
patients who have frequent episodes of sustained monomorphic ventricular 
tachycardia or ventricular fibrillation and to discuss the various non-phar
macological therapeutic approaches in these patients. 

Catheter ablation of ventricular tachycardia 

Patients 

We attempted the ablation of ventricular tachycardia foci in 44 patients (43 
men, 1 woman, mean age 49 ± 12 years). 

There were 28 patients with coronary artery disease, all of them with an 
old myocardial infarction: 17 pts had an anterior, 7 patients an inferior and 4 
patients had both an anterior and an inferior myocardial infarction (Table 1). 
In addition, there were 16 pts without coronary disease: In 12 patients right 
ventricular angiography demonstrated arrhythmogenic right ventricular dys-

A. Bayes de Luna et al. (eds.): Sudden Cardiac Death, 147-162. 
© 1991 Kluwer Academic Publishers, Dordrecht. 
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Table 1. Characteristics of patients with non pharmacological 
treatment of ventricular tachycardia 

No ofpts 
Males 
Age (years) 

CAD 
AMI 
IMI 
Both 

I-VD 
2-VD 
3-VD 

No CAD 
RVD 
LVD 
COCM 
HOCM 
OTHER 

EF(%) 

Group I 
(Ablation) 

44 
43 (98%) 
49 ± 11 

28 (64%) 
17(61%) 
7 (25%) 
4 (14%) 

21 (76%) 
5 (17%) 
2 ( 7%) 

16 
12 (75%) 

3 (19%) 
I ( 6%) 

31 ± 9% 

Group II 
(VT-Surgery) 

108 
98 (91 %) 
53 ± 11 

97 (90%) 
64 (66%) 
19 (19%) 

14 (14%) 

65 (67%) 
20 (20%) 
12 (12%) 

11 (10%) 
6 (54%) 
4 (36%) 

1 (10%) 

36 ± 11 

Group III 
(ArCD) 

94 
85 (90%) 
56 ± 11 

74 (79%) 
38(51%) 
24 (32%) 
12 (17%) 

12 (16%) 
25 (34%) 
37 (50%) 

20(21%) 
7 (35%) 
2 (10%) 
8 (40%) 
3 (15%) 

25 ± 11 

Abbreviations: pts = patients, CAD = coronary artery disease, 
AMI = anterior myocardial infarction, IMI = inferior myocardial 
infarction, RVD = right ventricular dysplasia, L VD = left ventricu
lar dysplasia, COCM = congestive cardiomyopathy, HOCM = 
hypertrophic cardiomyopathy, EF = left ventricular ejection 
fraction, VT = ventricular tachycardia. 

plasia, in 3 patients a left ventricular dysplastic area was present and one 
patient suffered from congestive cardiomyopathy (Table 1). 

All patients in this study group had recurrent episodes of sustained 
monomorphic ventricular tachycardia (duration> 30 sec) and in all patients 
antiarrhythmic drug therapy had failed to suppress sufficiently these ventricu
lar arrhythmias. 

The hemodynamic status was studied in all patients prior to the ablation 
procedure. The mean left ventricular ejection fraction was 31 ± 9% (range 
15-17%) (Table 1). 

Ablation procedure 

Catheter ablation of ventricular tachycardia was performed in all patients 
under general anesthesia with oral intubation from the beginning. Pro
grammed ventricular stimulation was performed in either the right or the left 
ventricle in order to induce the clinical documented sustained monomorphic 
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ventricular tachycardia. We then start endocardial mapping during the 
induced ventricular tachycardia from about 25 different points in the right 
(1 0 points) or the left ( 15 points) ventricle. 

The purpose of catheter mapping during the induced ventricular tachy
cardia was to find the earliest endocardial activation (earlier than the onset of 
the QRS complex) (Figure 1) or to find the area of slow conduction, defined 
as an area with mid-diastolic potentials (Figure 2), maximal delay between 
stimulus and QRS as well as identical QRS morphology during pace 
mapping. At the earliest endocardial activation or at the area of slow 
conduction we deliver the first DC shock during ventricular tachycardia. 
After 15 minutes we repeat programmed ventricular stimulation to test the 
inducibility of the tachycardia. In patients with inducible ventricular tachy
cardia we repeat the catheter mapping after the first DC shock and deliver 
further DC shocks as often as a sustained ventricular tachycardia is inducible 
or as long as the hemodynamic situation is well tolerated. 

Results 

Catheter ablation at the earliest endocardial activation. In the first consecutive 
32 patients catheter ablation of ventricular tachycardia foci was performed at 
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Figure 1. Endocardial catheter mapping during induced ventricular tachycardia (VT) in order 
to detect the earliest endocardial activation. Note that there are 2 VT morphologies with the 
earliest endocardial activation at position 11 (VT 1) and position 8 (VT 2) respectively. 
Tracings from top to bottom: Standard ECG leads I, II, III, a bipolar recording from the right 
ventricle (RV), from the mapping electrode in the left ventricle (LV). T = interval counting 
system between LV and RV recordings. 
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Figure 2. Endocardial catheter mapping during induced ventricular tachycardia in order to 
detect the area of slow conduction. Note the mid-diastolic potentials at position 10. Tracings 
from top to bottom: Standard ECG leads J, II, III, a bipolar recording from the right ventricle 
(RV), from the mapping electrode in the left ventricle (LV). T = interval counting system 
between LV and RV recordings. 

the earliest endocardial activation. There were 16 patients in the coronary 
and all patients in the "non coronary" group with catheter ablation at the 
earliest endocardial activation. In 9/ 16 (56%) patients with coronary artery 
disease we could induce multiple morphologies of ventricular tachycardia 
compared to 8/ 16 patients (50%) in the "non coronary" group (p = ns). In 
patients with coronary artery disease earliest endocardial activation was 
recorded in a range of 35 to 190 msec (mean 67 ± 11 msec) prior to the 
onset of surface ECG. In the "non coronary" group earliest endocardial 
activation ranged from 10 to 55 msec (mean 31 ± 8 msec) prior to the QRS 
complex. 

During the ablation procedure we delivered a mean of 4.3 ± 1.1 DC 
shocks per patient (range 1 to 10 shocks) in patients with coronary artery 
disease compared to a mean of 5.9 ± 1.3 DC shocks per patient (range 1 to 
10 shocks) in the "non coronary" group. 

After the ablation procedure a ventricular tachycardia was still inducible 
in 3/ 16 patients (19%) with coronary artery disease and in 2/ 16 patients 
(13%) in the "non coronary" group (p = ns). 

Catheter ablation at the area of slow conduction. In 12/ 44 patients catheter 
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ablation of ventricular tachycardia foci was performed at the area of slow 
conduction. All patients had an old myocardial infarction and we could not 
identify mid-diastolic potentials in any of the patients with "non coronary" 
disease. 

There were 3/12 patients (25%) with multiple ventricular tachycardia 
morphologies during the ablation procedure. At the area of slow conduction 
we delivered a mean of 3.2 ± 1.1 DC shocks per patient (range 1 to 7 
shocks). After catheter ablation a sustained monomorphic ventricular tachy
cardia was still inducible in 2/12 patients (17%). 

Follow-up 

The mean follow-up of our patients who underwent endocardial catheter 
ablation of ventricular tachycardia foci is now 18 ± 7 months (range 6 to 45 
months). During the follow-up there were 2/44 patients (5%) dying suddenly, 
6 and 9 months after the ablation. In addition, there were 3/44 patients (7%) 
who died from cardiac causes. During the follow-up there were 29/44 
patients (66%) with non fatal ventricular tachycardia recurrences (Table 2): 
17/28 patients (61%) with an old myocardial infarction and 12/16 patients 
(75%) with "non coronary" disease (p = ns). Ventricular tachycardia recur
rences occurred more frequently in patients with catheter ablation at the 
earliest endocardial activation (26/32 patients, 81%) compared to patients 
with catheter ablation at the area of slow conduction (3/12 patients, 25%) (p 
< 0.01) (Table 2). 

Table 2. Incidence of non fatal ventricular tachycardia recurrences after catheter ablation. 

RECofVT 

CAD(n=28) 
Non CAD (n = 16) 

Total (n = 44) 

EEA(n= 32) 

14 (50%) 
12 (75%) 

26 (81%) 

ASC (n= 12) 

3(11%) 

3 (25%) 

TOTAL (n= 44) 

17(61%) 
12 (75%) 

29 (66%) 

Abbreviations: EEA = catheter ablation at the earliest endocardial activation, ASC = catheter 
ablation at the area of slow conduction, CAD - coronary artery disease, REC - ventricular 
tachycardia recurrences, VT = ventricular tachycardia 

Mapping guided surgery of ventricular tachycardia foci 

In 1978/79 electrophysiologically guided surgery for ventricular tachycardia 
was introduced by Guiraudon [6] and Harken [7]. Subsequently various 
operative procedures have been described to treat patients with recurrent 
episodes of ventricular tachycardia refractory to antiarrhythmic drug therapy 
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[8, 9, 10J. At our institution, mapping guided surgery is established SInce 
1980 and now performed in 108 patients. 

Patients 

One hundred and eight patients (98 males and 10 females, mean age 53 ± 
11 years) underwent mapping guided surgery for their antiarrhythmic drug 
refractory ventricular tachycardia. There were 97 patients (90%) with 
coronary artery disease, all of them with an old myocardial infarction (Table 
1). The majority of these patients had an anterior myocardial infarction (64 
patients, 66%), while the incidence of an inferior myocardial infarction (19 
patients, 19%) or multiple myocardial infarctions (12 patients, 12%) was 
markedly lower. All patients underwent cardiac catheterization with left, right 
and coronary angiography. Most of the patients had single vessel disease (65 
patients, 67%), 20 patients (20%) double and 12 patients (12%) three vessel 
disease. The mean left ventricular ejection fraction was 36 ± 11%. 

Eleven patients had recurrent episodes of ventricular tachycardia without 
coronary disease ("arrhythmogenic ventricles"). In 1 0 patients (90%) the 
angiography revealed right and/or left ventricular dysplasia and the remain
ing patient developed ventricular tachycardia after surgical therapy of a 
FaIlor tetralogy. 

All 108 patients had recurrent episodes of sustained monomorphic 
ventricular tachycardia, refractory to antiarrhythmic drug therapy prior to 
the surgical approach. 

Operative procedure 

Prior to surgery, all patients underwent an electrophysiologic study to 
determine morphology, mode of initiation and termination and the origin of 
ventricular tachycardia. 

Intraoperatively we perfomed an electrophysiological study and a sus
tained monomorphic ventricular tachycardia was inducible in 91 patients 
(84%). In 3 patients (3%) we could induce only non sustained ventricular 
tachycardia and in 14 patients (13%) there were no arrhythmias inducible. In 
these patients the endocardial resection was directed by the preoperative 
electrophysiologic catheter mapping. 

The surgical procedure was an encircling endocardial ventriculotomy 
according to the Guiraudon procedure [6J in the initial 14 patients, whereas a 
localized endocardial resection according to the Harken technique [7J was 
performed in the remaining patients. In patients in whom endocardial 
resection could not be performed due to anatomic or functional reasons, the 
additional cryolesion or cryolesion alone was used [11 J. These are patients 
mostly with inferior or posterior scars or patients with an origin of their 
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ventricular tachycardia around the area of the papillary muscle or the A V 
valve ring. 

Results 

During the mean follow-up of 29 ± 27 months (range 1-95 months) 31 
patients (29%) died (Figure 3). There were 8 patients (7%) who died 
suddenly (within one hour after beginning of symptoms) (Figure 4) and 21 
patients (19%) died from cardiac causes (Figure 5): 4 patients died from 
cardiogenic shock and 17 patients from heart failure. In addition, there were 
2 patients dying from non cardiac causes: one patient died from suicide and 
the other one from pulmonary insufficiency. 

There were 10 patients who died within the first 4 weeks after surgery, 
thus given an early or in-hospital mortality rate of 9%. The cause of death 
was low cardiac output in 8 patients and sudden death in the remaining 2 
patients. After this period of time 21 patients died, giving a late mortality of 
19%. The cause of death was heart failure in 13 patients and sudden death in 
6 patients. The remaining 2 patients died from suicide or from pulmonary 
insufficiency. 

There were no significant differences in the cardiac mortality (eM) or the 
incidence of sudden death (SD) between patients with coronary artery 
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Figure 3. Kaplan-Meier survival curves (total mortality) in patients who underwent mapping 
guided surgery in relation to the underlying etiology. Abbreviations: CAD = coronary artery 
disease, no CAD = arrhythmogenic ventricles. 
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Figure 4. Kaplan-Meier survival curves (sudden death rate) in patients who underwent 
mapping guided surgery in relation to the underlying etiology. Abbreviations: CAD = 

coronary artery disease, no CAD = arrhythmogenic ventricles. 

100 

80 
....., 
,.e 
L .", ................................... . 
f- b0 < 
~ 

...J 
< > <10 :> 
~ 
::> 
en 

20 
CAD 

no CAD 
0 

0 12 2<1 3b 48 b0 72 8<1 
SURV1V L TIME (MO TH ) 

Figure 5. Kaplan-Meier survival curves (cardiac mortality) in patients who underwent 
mapping guided surgery in relation to the underlying etiology. Abbreviations: CAD = 

coronary artery disease, no CAD = arrhythmogenic ventricles. 
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disease (CM: 20/97 patients, 21%; SD: 7/97 patients, 7%) and those with 
"non coronary" disease (CM: 1/11 patients, 9%; SD: 1/11 patients, 9%) 
(Figures 4, 5). 

Follow-up 

During the follow-up there were 22/1 08 patients (20%) with ventricular 
tachycardia recurrences. There were significant differences in the incidence 
of recurrences between patients with coronary disease (16/97 patients, 16%) 
and those with arrhythmogenic ventricles (6/11 patients, 55%) (p < 0.01). 

Eight of 22 patients (36%) had fatal recurrences (sudden death) while 14/ 
22 patients (64%) survived their recurrences (non fatal recurrences). Sudden 
death occurred in 7/97 patients with coronary artery disease and in 1/11 
patients (9%) in the "non coronary" group (p = 0.59) (Figure 4). In contrast, 
non fatal recurrences were observed more frequently in patients with 
arrhythmogenic ventricles (5/11 patients, 45%) compared to patients with 
coronary artery disease (9/97 patients, 9%) (p < 0.01). 

Automatic implantable cardioverter defibrillator 

In 1983, the automatic implantable cardioverter defibrillator (AICD) went 
into broad clinical application [12-14]. The value of life-threatening 
tachyarrhythmias has been reported in previous studies [15-17]. Our own 
experience with the automatic implantable cardioverter defibrillator started 
in January 1984 and until now we implanted the AICD in 94 patients. 

Patients 

Since January 1984, we implanted the AICD in 94 patients (85 males and 9 
females, mean age 56 ± 11 years). The underlying etiology was coronary 
artery disease in 74 patients (79%) and "non coronary" disease in 20 patients 
(21%). 

All patients with coronary artery disease had a history of a myocardial 
infarction (anterior in 38 patients 51%), inferior in 24 patients (32%) and 
mUltiple myocardial infarctions in the remaining 12 patients (17%) (Table 1). 
All patients underwent hemodynamic evaluation of their cardiac situation and 
an electrophysiologic study. There were 12 patients (16%) with single vessel 
disease, 25 patients (34%) with double and 37 patients (50%) with three 
vessel disease. The mean left ventricular ejection fraction was 25 ± 11% 
(range 12-45%) (Table 1). 

There were 20 patients without coronary artery disease and malignant 
tachyarrhythmias: 9 patients (45%) had arrhythmogenic right and/or left 
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ventricles and 11 patients (55%) cardiomyopathies (8 patients congestive and 
3 patients hypertrophic cardiomyopathies). 

All patients suffered from malignant tachyarrhythmias and underwent 
cardiac arrests with successful resuscitations. This occurred with a mean of 
3.9 ± 1.1 (range 2-12) per patient. Antiarrhythmic drug treatment was 
performed in all patients prior to the implant. A mean of 4.1 ± 1.3 
antiarrhythmic drug was given to the patients prior to the AICD. 

Operative procedure 

Previous studies have reported various operative procedures for implantation 
oftheAICD [18, 19]. 

At our institution only the "patch-patch" technique was used. Following 
median sternotomy the pericardium was opened and after evaluation of the 
lowest defibrillation threshold with repeated induction of ventricular tachy
cardia or ventricular fibrillation, the patch electrodes were attached to the 
epicardium using fibrin glue. The larger of the two patch electrodes was 
placed over the epicardium of the left ventricle and the smaller patch 
electrode was placed over the epicardium of the right ventricle. 

After gluing of the patch electrodes we again induce ventricular tachy
cardia or ventricular fibrillation to measure the final defibrillation threshold. 
W to: then connect the electrodes to the generator and again induce the 
arrhythmia to check the appropriate termination of the induced arrhythmia 
by the AICD. Thirty of our patients (32%) received an AIDB/BR, 45 
patients (48%) an Ventak 1500 and the remaining 19 patients (20%) a 
Ventak P (CPI, St. Paul, Minneapolis, USA). 

Results 

The mean follow-up is now 21 ± 10 months (range 1-46 months). During 
this period of time 13 patients died (14%) (Figure 6), one of them suddenly 
(1 %) (Figure 7). So far, 3 patients died after the AICD implantation (6, 12 
and 48 hours after the opeation). The remaining 9 patients died from cardiac 
failure (4 patients), 2 patients from depleted battery and 3 patients from non 
cardiac causes. 

During the follow-up 20 patients (21%) underwent generator replacement 
of the AICD due to battery depletion or due to a prolongation of the 
charging time. The mean time interval between implantation and generator 
replacement was 19 ± 5 months. Six patients (6%) had another generator 
replacement with a mean of 21 ± 6 months later. We could observe that 
there was no significant increase in the defibrillation threshold between 
implantation, first order second generator replacement. However, there were 
significant differences in the defibrillation threshold between patients with 
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Figure 6. Kaplan-Meier survival curves (total mortality) in patients with an automatic 
implantable cardioverter defibrillator. 
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Figure 7. Kaplan-Meier survival curves (cardiac mortality and sudden death rate) in patients 
with an automatic implantable cardioverter detibrillator. Abbreviations: SD = sudden death, 
CD = cardiac death. 
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induced ventricular tachycardia compared to patients with induced ventri
cular fibrillation (Table 3). 

Follow-up 

All patients were studied in the outpatient clinic two monthly to test the 
number of delivered shocks and the charging time of the ACID. 

At the present time there were 65/94 Patients (69%) with AICD-dis
charges. Three patients (3%) experienced recurrent shocks due to sudden 
onset of so far unknown atrial fibrillation with rapid ventricular response. In 
3 patients we had to explant the device due to the pouch infection. 

Discussion 

Identification of patients at risk for sudden death remains a difficult problem 
in cardiology. In addition, patients with recurrent episodes of sustained 
ventricular tachycardia or ventricular fibrillation have a poor prognosis, in 
particular when ventricular arrhythmias occurs in the context of coronary 
artery disease [20J. In the present study we reported our experience of non 
pharmacological treatment in those patients with recurrent episodes of 
ventricular tachycardia or ventricular fibrillation. 

At the present time endocardial catheter ablation of ventricular tachy
cardia has a success rate of about 50% or less [21-23J. 

In our study there were 29/44 patients (66%) with ventricular tachycardia 
recurrences after the ablation procedure; only 13 patients (34%) had no 
recurrences during the follow-up. 

Studies from EI Sherif et al. [24J and Morady et al. [25J revealed the 
importance of the area of slow conduction to treat (ablate) ventricular 
tachycardia. Recently, we could also demonstrate, in accordance with other 
reports, a better success rate of catheter ablation at the area of slow 
conduction compared to ablation at the earliest endocardial activation [26J. 
The present data showed that 26/32 patients (81%) had ventricular tachy-

Table 3. Defibrillation thresholds at implant, first or second generator replacement of the 
AleD. 

(Joule) VT VF VT/YF 

Implantation (n = 94) 11 ± 8 21 ± 10 25 ± 12 
1. Replacement (n = 20) 12 ± 7 18 ± 10 15 
2. Replacement (n = 6) 10 20 ± 12 

P < 0.05 

Abbreviations: VT = ventricular tachycardia, VF = ventricular fibrillation 
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cardia recurrences when catheter ablation was performed at the earliest 
endocardial activation compared to 3/12 patients (25%) with recurrences 
when catheter ablation was performed at the area of slow conduction (p < 
0.01). 

In addition, we could show that the underlying etiology is important to 
predict the success of endocardial catheter ablation of ventricular tachy
cardia: the incidence of recurrences was higher in patients with "non 
coronary" disease (12/16 patients, 74%) compared to patients with an old 
myocardial infarction (17/28 patients, 61 %). 

Therefore, we believe that method and technique of catheter ablation of 
ventricular tachycardia need to be improved before ventricular tachycardia 
ablation can be generally recommended [22]. 

Surgical methods (mapping guided surgery) to treat patients with ventri
cular tachycardia are well known and are in general accepted [6-9]. 

It has been reported that about 80% of all patients undergoing ventricular 
tachycardia surgery become free of ventricular tachycardia [27, 28]. Miller et 
al. [29] reported an overall recurrence rate of 11 %. 

Our data are in accordance with these results: Twenty-two patients (20%) 
had ventricular tachycardia recurrences, while 86 patients (80%) became free 
of these arrhythmias. In addition to these acceptable results, only 8/108 
patients (7%) died suddenly. 

It is important to note that the underlying etiology and the origin of 
ventricular tachycardia allows an identification of patients with recurrences 
after surgery. Patients with an old myocardial infarction and resectable scars 
had less frequently recurrences (16%) than patients with arrhythmogenic 
ventricles (55%). Therefore, we believe that the surgical ablation is not a 
satisfactory approach for patients with arrhythmogenic ventricles. 

The risk of sudden death is high in patients with coronary heart disease, 
low left ventricular function and ventricular tachyarrhythmias [20]. This 
group of patients is extremely difficult to treat medically and has a poor 
prognosis [30, 31]. In such patients who underwent ventricular tachycardia 
surgery and became free of recurrences we could demonstrate a total 
mortality rate of 29% with a rate of 12.5% per year. The majority of the 
patients (21/29 patients, 72%) died from cardiac causes, mainly due to left 
ventricular dysfunction. Similar results have been reported by the multicenter 
Surgical Alblation Registry [32] with a 72% survival after 2 years. Ostermeyer 
et al. [33] described 1987 a survival rate of 89% after 1 year and demon
strated the extent of the underlying heart disease to be the most important 
predictor of survival. 

Therefore, in accordance with these reports, we believe that the "ideal" 
candidate for surgical treatment of ventricular tachycardia should have a 
single vessel coronary artery disease with circumscribed anterior akinetic or 
dyskinetic area with a left ventricular ejection fraction > 30%. In addition, 
these patients should have a reproducible inducibility of a sustained mono
morphic ventricular tachycardia with only one ventricular tachycardia origin. 
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We already mentioned that antiarrhythmic drug treatment is often ineffec
tive to prevent sudden death or ventricular tachycardia recurrences. Catheter 
ablation of ventricular tachycardia is still an "experimental" approach that 
needs to be improved and mapping guided surgery is only suitable in highly 
selected patients (single vessel disease, EF > 30%, one ventricular tachy
cardia origin). 

However, there is a group of patients with severe left ventricular dysfunc
tion (EF < 25%), three vessel disease, disparate sites of ventricular tachy
cardia origins and/or ventricular fibrillation. Most of these patients survived 
one or more episodes of circulatory arrest. For those patients no other non 
pharmacological approaches than the automatic implantable cardioverter 
defibrillator will be appropiate [12,13, 14, 161. 

Our experience and that of others showed as well that the sudden death 
rates dropped below 2% in patients with an AICD [12, 13, 14, 16, 171. 
Therefore, we believe that the AICD is or will become the therapy of choice 
in patients with severe left ventricular dysfunction and life-threatening 
tachyarrhythmias. However, despite the excellent results to prevent sudden 
death one have to consider that most patients with an AICD have a poor left 
ventricular function and need careful surveillance of their heart disease. 

Conclusions 

Identification of patients at high risk for sudden death and the decision of the 
adequate therapy in those patients remains a difficult problem in cardiology 
1990. Careful selection of patients for an antiarrhythmic regime is absolutely 
necessary, i.e. complete evaluation of the underlying heart disease, of the 
hemodynamic and electrophysiologically situation. 

Antiarrhythmic drug treatment alone or in combination with non phar
macological approaches has still a place in the treatment of tachyarrhythmias. 
Endocardial catheter ablation of ventricular tachycardia is an "experimental" 
approach and needs more "tune up". Mapping guided surgery needs careful 
patient selection with an acceptable left ventricular function and only one 
ventricular tachycardia origin. The automatic implantable cardioverter defi
brillator will become the therapy of choice in patients with severe left 
ventricular dysfunction and life-threatening tachyarrhythmias. Indications for 
the AICD will growing when future devices of the the AICD will be 
available. 
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16. Fulguration of chronic ventricular tachycardia 
Results on 53 consecutive cases with a follow-up 
ranging from 8 to 70 months 

G. FONTAINE, R. FRANK, J. TONET, I. ROUGIER, G. FARENQ, 
G. LASCAULT and Y. GROSGOGEAT 

Introduction 

Endocardial catheter fulguration is a new technique used by our group since 
more than 5 years in order to attempt at the radical treatment of ventricular 
tachycardia. Up to now it has completely replaced the surgical approach 
when we are dealing with a purely electric myocardial disease. Dramatic 
successes were obtained with this method whatever the etiology of VT [1]. 
Therefore the technique is no longer considered as a last resort approach 
when other less agressive methods proved ineffective. Fulguration is now 
extended to young patients with normal hearts, and non life-threatening 
arrhythmias associated with severe symptoms. 

Endocardial fulguration is based on high voltage electrical shocks deliv
ered to the tip of an endocardial catheter, located in the arrhythmogenic 
zone. Energy in the range of 3-4 Joules/kg body weight is generally 
produced by the electrical discharge of a defibrillator circuit. This therapeutic 
approach has been used originally in the treatment of supraventricular 
tachycardia and has been applied for the 1st time for the treatment of 
ventricular tachycardia in 1982 by Dr Hartzler in USA and in France, by 
Puech and CoIl in a patient suffering from right ventricular dysplasia [2, 3]. 

Clinical series 

We have now an experience of 61 consecutive cases with this technique. The 
purpose of this report is to present the results concerning the first 53 
patients, fulgurated with a follow-up ranging from 8 to 70 months beginning 
in May 1983. This group is taken from a large series of 218 consecutive 
cases who represent the total amount of major ventricular arrhythmias 
observed at the Jean Rostand Hospital during the same period. We have 
excluded 9 survivors of cardiac arrest. Therefore, 156 cases of ventricular 
tachycardia have been treated by anti-arrhythmic drugs and 52 have been 

A. Bayes de Luna el a1. (eds.): Sudden Cardiac Death. 163-177. 
© 1991 Kluwer Academic Publishers, Dordrechl. 



164 G. Fontaine et al. 

fulgurated. This latter sub-group is the study population for this work of 
which shorter series have been already published [4-7]. 

Most of these patients were referred from other University Centers where 
they had been considered as resistant to drug therapy. The vast majority 
has been restudied at Jean Rostand Hospital according to the protocols 
developed by our group. This includes arniodarone therapy, used alone or in 
combination with Class I anti-arrhythmic agents, particularly class I-c and/or 
beta-blocking agents. Only patients resistant to this drug protocol have been 
considered candidates for the fulguration procedure. All these cases are 
consecutive, there was no exclusion due to age, clinical condition or other 
factors. 

Our series consists of 45 men and 8 females, with an age ranging from 14 
to 76 years, and a mean value of 44 ± 18 years. Their clinical characteristics 
are presented on Table 1. 

The etiology of ventricular tachycardia includes 19 myocardial infarction, 
15 arrhythmogenic right ventricular dysplasia, 8 idiopathic cardiomyopathy, 
7 ventricular tachycardia sensitive to verapamil, 3 idiopathic infundibular 
ventricular tachycardia, 1 VT occuring 7 years after infundibular resection. 
In this series, no form of therapy other than fulguration or its association 
with drug therapy, has been used with the exception of one case referred to 
surgery. 

Equipment 

The approaches used in our hospital were mainly based on equipment 
originally aimed at the surgical treatment of WPW and ventricular tachycardia. 
The techniques have evolved along the years and have been published 
elsewhere. Therefore we will just review in this paper the main steps of the 
technical protocol currently used [8]. 

Catheters are selected after an in-vitro electrical non destructive test using 
voltages similar to those applied during fulguration shocks [9]. These 
catheters are introduced by either veins or arteries inside right or left 
ventricular cavities, under fluoroscopic guidance. Catheters are generally tri 
or quadripolar, uscr 7-F. Those introduced in the left ventricular cavities 
are guided through a plastic sheeth originally used for endocardial biopsies. 

The fulgurator is a special equipment 'Fulgucor' developed on our design 
by the ODAM Company, Wissembourg, France. The energies can vary from 
160 to 320 delivered Joules. This equipment incorporates two independant 
high voltage generators, one used for the fulguration procedure, the other for 
cardioversion or defibrillating shocks. This could be used either immediately 
after the fulguration shocks, or in case of deterioration of ventricular 
tachycardia, after programmed pacing. 

Two tape recorders are used; the first records the fluoroscopic events on a 
video tape, the second, the ECG tracings from four surface leads as well as 
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endocardial signals. Comments given by the 5 most important investigators 
who are wearing microphones and head sets are also recorded on the same 
tape. This proved to be of great value in case of major complications. 

The radial blood pressure is continuously monitored during the procedure 
and a Swan-Ganz catheter is used to record the pulmonary wedge pressure 
and to perform cardiac output measurement by thermodilution technique. 
The activation times are measured on an Electronic for Medicine VR12 
recorder for the first approach of the appropriate electrophysiological 
parameters and during the final approach by a three channel digital 
Tektronix 5116 oscilloscope. 

Before the fulguration session, Class I antiarrhythmic drugs are inter
rupted during a period at least equal to or longer than 5 half-lives. 
Amiodarone is not interrupted. A preliminary electrophysiological study is 
frequently performed in order to determine the ease of induction of 
ventricular tachycardia, how they are tolerated, the number of morphologies 
of the clinical and non-clinical ventricular tachycardias. Their behavior is also 
evaluated: sustained, non sustained, polymorphic. Only sustained mono
morphic ventricular tachycardias are considered for fulguration. Fulguration 
is made under general anesthesia, because it is generally necessary to deliver 
several shocks during each session. When VT is not incessant when the 
patient is entering the laboratory, tachycardia is generally induced by pro
grammed pacing. 

The 'classical' approach was to record the so called site of origin of 
ventricular tachycardia as it was previously demonstrated effective during 
surgery after epicardial mapping. The technique of pacemapping is also used 
and should reproduce in 12 leads QRS complexes which should be rigor
ously identical to the spontaneous ventricular tachycardia QRS complexes. 
Pacing in such case is better achieved by a slight overdrive during VT by the 
same catheter which will be used for delivering the electrical shocks. In most 
recent studies we have paid a particular attention to the area of slow 
conduction which is frequently represented by fragmented potentials located 
between two ventricular QRS complexes [10, 11J. 

When the check list is completed, a count-down is started during which 
any relevant equipment is put into action. If the tachycardia is not incessant, 
the shock synchronised on the QRS complexes is finally delivered during 
sinus rhythm for better hemodynamic [12J and rhythmologic [13J tolerance. 
The shock is delivered between the distal electrode which is working as an 
anode, and an indifferent electrode of large surface covered by a conductive 
jelly located in the back. From 1 to 17 shocks (mean 3.5) are delivered 
during each session (143 in the right ventricule, 112 in the left ventricular 
and 2 transeptal shocks). Just after the shock, a complete transient atrioven
tricular block could be observed and ventricular pacing is achieved by a 
catheter which has been previously located in the apex of the right ventricle. 
This catheter should be located at least 3 cm away from the fulgurating 
electrode. In case of rapid VT or VT degenerating into VF, a cardioversion 
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shock is delivered to the patch electrode placed on the anterior aspect of the 
thorax. This shock is delivered by the safety defibrillator which is a part of 
the Fulgucor. The second electrode is the same as the electrode used for 
delivering the electrical shock. Therefore, it is not necessary to remove the 
sterile fields or the X-ray equipment, defibrillation being performed in the 
anterio-posterior direction. Low energies in the range of 40 to 160 J are 
generally sufficient. 

After delivering the shock, the patient being in sinus rhythm, all the 
electrophysiological manoeuvres are interrupted during a rest period of 10 
minutes, which are necessary for the electrical, as well as the hemodynamical 
stabilization of myocardium. After that time, programmed pacing is resumed 
to try to reinduce ventricular tachycardia or to try to induce a different 
morphology. The session is over when it is no longer possible to induce 
ventricular tachycardia, or if the necessary protocol has been modified. The 
session is also interrupted if episodes of ventricular fibrillation or unstable 
ventricular tachycardia are induced or for technical reasons. 

The immediate follow-up 

The in-hospital follow-up period is performed with monitoring of the radial 
blood pressure and central venous pressure during a period of 24 hours. A 
sub-clavi an catheter located at the apex of the right ventricle is left during a 
period which could go to ten days. At this time a new electrophysiological 
study could be performed, generally at the bedside, in order to know if the 
tachycardia is or not reinducible. During this follow-up period of 10 days, 
the ECG is monitored by a computerized Hewlett Packard monitoring 
equipment with the Nadia software, the patient being connected by cable or 
telemetry. 

When a ventricular tachycardia identical or similar to the previous attacks 
in rate, as well as in morphology, occurs spontaneously, or is inducible, new 
pharmacological attempts are made, which could be sometimes effective. The 
same dosage and drugs as before the fulguration procedure are tried. When 
this drug treatment is effective, it is called 'therapeutic' because it is indis
pensable to prevent ventricular arrhythmias after fulguration which has only 
partially modified the arrhythmogenic substrate. However, in order to 
simplify, we have included in this group, some patients in whom antiar
rhythmic treatment different from those used before the fulguration led to 
the control of the cardiac arrhythmia. 

The treatment is called 'prophylactic' when non inducible patients need to 
take these medicines for safety reasons, in case of unpredicted relapses or to 
treat ventricular or supraventricular extrasystoles. Effectiveness of fulgura
tion is reassessed before discharge by Holter recording, stress test, pro
grammed pacing going up to 3 extrastimuli on a cycle length going from 600 
to 400 ms. 
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After the hospital stay, the follow-up of these patients is made with the 
help of the computer system, based on a DEC PDP 11/23+ and a 
specialized software developed in our Institution. The follow-up is made by 
the general practitioner, the cardiologist, and the referring hospital, as well as 
by direct phone calls to the patient. In this series of fulgurated cases, no 
patient has been lost of follow-up. 

Results 

Considering that 5 patients were moribund when the fulguration procedure 
was performed and that 2 were already unconscious, results are impressive. 
However,5 early deaths (during the procedure or within one month after the 
procedure) have been observed. None was related to malignant arrhythmia 
or tamponade, or has been observed as a direct consequence of the fulgura
tion itself. For reasons which will be explained later, we have chosen to 
express the results at 3 months after discharge from the hospital. These 
results are expressed schematically on Figure 1. 

Their classification has been made in 4 categories: 'death', 'success' when 
the patient does not take antiarrhythmic drugs to prevent relapses, or is 
taking them for prophylactic reasons, 'partial' success when the drug therapy 
is necessary to prevent relapses or ventricular tachycardia, and 'failure' when 
the same attacks of VT in rate and morphology which have been previously 
fulgurated could not be controlled by drugs, and need a new fulguration 
procedure. 

On the series of 53 patients who have been submitted to a first session, we 
have observed 2 early deaths, 17 success, 12 partial success, and 22 failures, 
which correspond to a success rate of 47% after a single session. On the 22 
patients who have not been controlled by the fulguration procedure alone or 
combined with antiarrhythmic drugs and in whom a second session has been 

STATUS AT 3 MONTHS 
SUCCESS 49% 
PARTIAL 45% 
DEATH 7.5% 

CLINICAL EFFICACY 91% 
CALCULATED FROM NONARRHYTHMIC DEATH SURVIVORS 

Figure 1. Ventricular tachycardia fulguration taken from the Jean Rostand series of 53 cases 
resistant to antiarrhythmic therapy and submitted to one to four procedures (see text for 
definitions). 
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performed, we have observed 2 deaths during the session, 8 success, 6 partial 
success and 6 failures. After 2 sessions, it is therefore possible to obtain on 
this population of survivors, 81% of clinical efficacy. In 5 patients in whom 
two sessions were not effective, used alone or in combination with antiar
rhythmic drugs, a third session has been performed leading to a partial 
success in three cases since antiarrhythmic drugs proved to be necessary, and 
a failure in two cases. These two patients needed a fourth fulguration session 
leading to two partial success. 

However, in this series, two patients had relapses of ventricular tachycardia 
after hospital discharge. They had been at the beginning considered as 
fulguration failure. However, with time, the attacks became less and less 
frequent, and after 3 months, these patients no longer experienced relapses 
leading to the reduction or even almost complete suppression of drug 
treatment. This is why our results are expressed at 3 months after discharge. 
The remaining patient did not accepted another procedure. 

Finally, from the patients who survived the initial phase, ventricular 
tachycardias have been controlled in all cases except one by a single or 
multiple fulguration sessions. No form of therapy other than the fulguration 
procedure used alone or associated with drug therapy has been used in this 
study. However, half of them need to take antiarrhythmic drugs after partially 
effective fulguration sessions. 

During the overall period of study with a mean value of 43 months, 13 
deaths have been observed, none of them seemed to be related to the 
fulguration itself. 

Early deaths 
Five patients died during or within one month after the fulguration proce
dure. 

Cardiac deaths 
They have been observed in 2 cases at the beginning of our experience when 
monitored hemodynamic surveillance was not performed in one case. In the 
other it occured after a progressive and irreversible decrease of the cardiac 
output, while the patient needed external cardiac massage after a defibrilla
tion shock for an increase in the tachycardia rate. 

Non cardiac deaths 
They were observed in three cases: the first one had arrhythmogenic right 
ventricular dysplasia and was referred after multiple episodes of ventricular 
tachycardia after angio-coronarography, and was unconscious at arrival. 
Despite effective fulguration session, the patient died 8 days later of refrac
tory hypoxia due to extensive pulmonary infection, which was already 
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observed before the fulguration procedure. The 2nd case was a patient who 
had a poor ejection fraction after an old myocardial infarction, who has been 
considered as beyond surgery. During the fulguration procedure, a delay in 
the cardiopulmonary ressuscitation led to irreversible cerebral damage and 
the patient died four days later of this complication. 

The 3rd case had a very poor myocardial function and was at the terminal 
phase of a dilated idiopathic cardiomyopathy. He had pulmonary hyperten
sion and was in permanent VT since two years. A poor hemodynamic 
function was observed during induction of anesthesia and the situation being 
under control, a single shock was delivered and was well tolerated. During 
the following night, when the hemodynamic situation was satisfactory, the 
patient developed an abrupt septic shock of unknown mechanism leading to 
hyperkalemia and death. 

Autopsy and histological study have been performed in all cases except 
the two last ones. It showed the effect of shocks on myocardium similar to 
the modification observed in the experimental laboratory, these histological 
pictures being superimposed to the particular histological structure of the 
underlying cardiac disease [141. 

Late mortality 

Cardiac mortality 

Sudden deaths. Three cases could be classified as sudden deaths: they were 
observed 4, 14 and 22 months after the fulguration procedure (Figure 2). All 
could be considered as the result of recurrence of ventricular tachycardia. 
This event was predicted in two cases, but the tachycardia being well 
tolerated, a new attempt or another form of therapy was finally not decided. 

Congestive heart failure. Two patients died one month and 18 months after 
hospital discharge from pulmonary edema without recurrence of ventricular 
tachycardia. Both of them had a severe form of coronary artery disease, a 
poor ejection fraction, cardiomegalia and left ventricular failure, making 
them non appropriate candidate for surgery. 

One case of dilated idiopathic cardiomyopathy died three months after the 
fulguration of pulmonary edema without recurrence of cardiac arrhythmia. 
One case died of cardiac insufficiency 10 months after the fulguration when 
he was successfully treated by therapeutic antiarrhythmic agents. 

Two patients died of a non cardiac cause 
All these patients died outside the hospital, therefore autopsy was not 
possible. 

Complications. Pulmonary edema has been observed in three cases, occur-
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VENTR TACHYCARDIA 
14 CASES 

I 
I J I I 

DRG TRT NON LIF THR MODIFIED NEW FULG 
3 CASES 2 CASES 3 CASES 6 CASES 

OK NEW FULG? SESSION I 

I I 
SUDDEN DEATH SUCCESS 

3 CASES 6 CASES 
New F. AICD ? 

Figure 2. Ventricular tachycardias observed during the follow-up with a mean value of 43 
months. 
DRGTRT 
NON LIF THR 
MODIFIED 
NEW FULG 

Drug treatment 
Non life-threatening ventricular tachycardia 
New episodes of probable ventricular tachycardia were better tolerated. 
A new fulguration session or implantation of an AleD should have been 
considered. 

ring generally 10 minutes after fulguration procedure. However, this situation 
has always been controlled using routine techniques. In one case, during the 
second fulguration session, the patient experienced angina during endo
cardial mapping performed before the beginning of anesthesia and this was 
observed in conjunction with modifications of the ST segment and transient 
bundle branch block. In this patient, the CPK MB fraction got up to 140 IV, 
definitely larger than the mean value obtained with the remaining part of the 
series (37 ± 15). Atrioventricular block has been also frequently observed 
during the sessions (17% out of 167 shocks) and in two cases, AV block 
disappeared only after a period of 2 hours. Short lasting intraventricular 
blocks and 5 cases of right bundle branch block were observed in the same 
group of 167 shocks. Acceleration of ventricular tachycardia or ventricular 
fibrillation have been observed in 12% of the shocks, generally occurring 
immediately after the electrical discharge. In all cases, these arrhythmias have 
been easily converted or defibrillated through the patch electrode, except two 
cases in whom one was in major hemodynamic failure, and the other in 
hypoxia. However, no malignant arrhythmia, resistant to medication has been 
observed during or immediately after the fulguration procedures. One patient 
in whom the shock was delivered close to the pacing electrode of the 
permanent pacemaker, needed generator replacement [15]. 

Late relapses. According to the previous definition concerning the analysis of 
results, long time relapses have been observed 3 months after hospital 
discharge. Their classification could fall in different categories (Figure 2): 
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Relapses better tolerated 
Three patients (already mentioned) in whom cardiac arrhythmias were less 
severe and better tolerated probably because of modification of the arrhyth
mogenic substrate died suddenly, for one after episodes of palpitations, for 
the other two with less suggestive troubles, as dyspnea, fatigue, or gastro
intestinal problems. In one of these cases, systematic Holter recording 
exhibited an incessant asymptomatic VT at llO/mn. In these patients, and 
despite a change in drug treatment made in the last one, sudden death was 
not prevented. 

Relapses controlled by dmgs 
This has been observed in 3 patients, and was considered as the result of 
decrease of therapeutic antiarrhythmic treatment. This drug regimen was 
reinstituted and proved to be effective at the appropriate level. 

Relapses controlled by a new session of fulguration 
This situation has been observed in 6 cases and has always been successfully 
managed after the new session. However, in one patient, fewer spontaneous 
episodes were observed and decreased progressively thereafter. This situa
tion suggested the evolution previously indicated concerning early relapses. 

Relapses not refulgurated 
One patient who was controlled during a period of one year and a half in 
whom new extrasystoles and VT were observed, did not want to undergo a 
new session. VT occurred on a 'normal heart', attacks were incapacitating, 
but not life-threatening. 

Case who failed completely 
This was observed in one case of non life-threatening arrhythmia which was 
slightly improved by the combination of DDD overdrive pacing, amiodarone 
and beta-blocking agent. 

Discussion 

These results demonstrate the effectiveness of fulguration on a significant 
series of patients suffering from chronic ventricular tachycardia of various 
origins. Some deaths were observed during the learning phase of our 
experience, each case has been investigated retrospectively from the different 
tape recorders. In all cases except the patient with sepsis, it was possible to 
understand the mechanism of the catastrophe leading to modification of the 
protocol, and the same problems did not recur thereafter. 

If we include the case of death observed during the learning phase, for a 
mean follow-up of 45 months, the percentage of death per year is 7.4%. If we 
withdraw from this series the three patients whose death was due to a poor 
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protocol, and the case of unevitable death by pulmonary infection, and 
unconsciousness, the series consists of 38 cases in whom a mortality rate of 
10 cases has been observed we obtain the same mortality rate of 7.4 per 
year. However, the main goal of fulguration is prevention of a cardiac 
arrhythmia, which is potentially lethal. It should therefore be judged on the 
occurrence of sudden death during the follow-up period. This event has been 
in fact observed only in 3 cases in this series leading to a death rate of 1.6% 
(calculated on the 38 survivors followed during a mean follow-up period of 
43 months). In this subgroup, the risk of sudden death has been strongly 
predicted in two patients and in the last one it could not be assumed that the 
therapeutical management was the most appropriate. 

Taking into account that 64% of cases of the series had attacks of VT at a 
rate equal to or superior than one per month, these patients were not 
candidate for the implantable defibrillator, and we were therefore led to 
favourable opinion concerning the use of fulguration for the control of 
ventricular tachycardia and sudden death in this particular subgroup. It is 
also interesting to speculate that the fulguration procedure could be indicated 
in patient with implantable defibrillator who has received frequent discharges 
leading to psychological distress [16]. 

Being considered the small quantity of CK MB isoenzyme released after 
the fulguration session in which several shocks had been delivered, it is 
possible to think that this method finally induces modifications of myocardium 
on very small areas, therefore a precise localisation of the arrhythmogenic 
focus seems mandatory, or the need of repeated shocks on a large zone. 

In the most recent developments, we tried to fulgurate not the site of 
origin but earlier in the tachycardia cycle, in the area of slow conduction. The 
most difficult approach is to deliver the shock on the area of slow conduction 
which is indispensable for the perpetuation of ventricular tachycardia, 
because there are inside the arrhythmogenic substrate, other areas of slow 
conduction which are only bystanders [17]. 

A particular problem is related to the morphology of ventricular 
tachycardia which could be induced by programmed pacing. It is now well 
accepted that non sustained or polymorphic ventricular tachycardias, 
induced by programmed pacing have no clinical significance [18]. This 
explains why only sustained monomorphic VT have been considered for the 
fulguration procedure. 

However, programmed cardiac pacing could also induce episodes of VT 
which have not been previously documented, the so called 'non clinical VT'. 
As all the class I antiarrhythmic drugs have been interrupted several days 
before the fulguration session, it is not possible to consider that these 
different VT morphologies are the result of these drug treatments. Therefore, 
we think that in most cases, it is necessary to fulgurate clinical VT as well as 
non clinical VT. A rigorous approach to the study of fulguration results 
should be assessed on its effectiveness on each VT morphology [1, 19]. It 
could be possible to tolerate some ventricular tachycardias which are 
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hemodynamically stable, provided that they have symptoms that the patient 
could recognize as recurrences of VT. A reliable implantable equipment for 
long-term follow-up is mandatory in this line. 

During this study which extends on a period of 5 years, concepts and 
protocols have envolved with time. The selection of cases also has changed. 
At the origin, the fulguration was applied as a last resort procedure, for the 
most severe cases, some patients being even moribund. When it was demon
strated that the technique was safe and effective, it was extended to young 
subjects with invalidating but not life-threatening tachycardias. 

With time and a better experience of the technique of endocardial 
mapping, the number of sessions per patient has decreased. It is now rare to 
use more than two sessions per patient, and finally that antiarrhythmic drugs 
are frequently needed. 

This situation could be explained by the small quantity of myocardium 
which is modified during the procedure, as suggested by the small variation 
of CPK MB. We have recently demonstrated in a subgroup of patients 
fulgurated for ventricular tachycardia after arrhythmogenic right ventricular 
dysplasia, that non effective fulguration session was correlated with a small 
releaseofCKMB [20-21]. 

New studies are on the way to try to increase the size of tissue modified 
during the shock, and to apply the energy to the area of slow conduction 
which could be the optimal zone to deliver the fulguration shocks. 
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17. Transcoronary chemical ablation of tachycardias 

PEDRO BRUGADA, HANS DE SWART, JOEP L.R.M. SMEETS and 
HEIN J. J. WELLENS 

Cardiac arrhythmias can be successfully controlled nowadays in a remark
able percentage of patients. We have at our disposal new antiarrhythmic 
drugs with high efficacy and acceptable side-effect profiles [1]. Selected 
patients with selected arrhythmias not controllable with antiarrhythmic drugs 
[2] can be treated with electrical devices. Refined surgical techniques for the 
treatment of supraventricular [3-4] and ventricular arrhythmias [5-6] are 
available. The implantable defibrillator has become a reality [7]. Percutane
ous electrical ablation is effective to create atrio-ventricular block in patients 
with atrial fibrillation with uncontrollable rapid ventricular rates [8]. Unfortu
nately, we are still far from controlling cardiac arrhythmias in all patients. 
Not all respond to antiarrhythmic drugs. Many are not amenable to 
antitachycardia pacing or control by an implantable defibrillator. Because of 
the important myocardial damage present in many patients surgery for 
ventricular tachycardia has a high perioperative mortality. Percutaneous 
electrical ablation of accessory pathways is still experimental and electrical 
ablation of ventricular tachycardia [9] has not offered the expected results 
[10]. This technique creates lesions with a small size. Extensive myocardial 
damage can result when multiple shocks are given. However, surgery and 
percutaneous electrical ablation are forms of treatment that can destroy or 
remove the arrhythmia substrate, offering a definitive cure when successful. 
Antiarrhythmic drugs and electrical devices are palliative therapies. Tech
niques able to destroy the arrhythmia substrate overcoming the problems of 
percutaneous electrical ablation and surgery would represent an important 
addition to our antiarrhythmic armentarium. 

Inoue et al. have shown in the experimental laboratory suppression of 
aconitine-induced arrhythmias by trans coronary administration of alcohols 
[11]. Radiologists have effectively ablated with absolute ethanol renal tumors 
in humans [12-13]. Any arrhythmogenic area or pathway in the heart 
requires a blood supply. Blood supply is necessary for the cells to generate 
and maintain electrical activity. If cells are deprived of their blood supply or 
destroyed an arrhythmia where these cells participate as a necessary link will 
be impossible. In the border zone of the infarction surviving cells with 

A. Bay~s de Luna et aI. (eds.): Sudden Cardiac Death, 179-190. 
© 1991 Kluwer Academic Publishers. Dordrecht. 
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normal action potentials but bad intercellular connections create the area of 
slow conduction and reentry [14-151. Surviving cells in the border zone 
require a blood supply to generate and conduct electrical activity. We 
developed a new technique with the following aims: 
a) demonstrate it is possible to identify and catheterize a small coronary 

artery giving blood supply to an arrhythmogenic area or pathway 
('tachycardia-related coronary artery'); 

b) if a 'tachycardia-related coronary artery' can be identified destroy the 
arrhythmogenic substrate with ethanol given in that coronary artery 

A. Acute trans coronary termination of tachycardias 

Eighteen patients with regular tachycardias and two patients with atrial 
fibrillation were studied to develop the technique. All gave informed consent. 
Clinical characteristics are summarized in Table 1. First, a complete pro
grammed electrical stimulation study was first performed. Previously de
scribed methodology was used [161. Mapping of electrical activity was done 

Table 1. Clinical characteristics of patients studied. 

Patient Age Sex Clinical diagnosis 

1 32 F WPW-CMT 
2 44 F WPW-CMT 
3 36 F Incessant atrial tachycardia 
4 19 F Incessant idiopathic VT 
5 35 F Incessant idiopathic VT 
6 63 M Inferior MI, paroxysmal VT 
7 45 M Posterior MI, paroxysmal VT 
8 42 M Anterior MI, paroxysmal VT 
9 * 61 M Anterioriinferior MI, incessant VT 

10 47 F Inferior MI, paroxysmal VT 
11 * 44 M Anterior/Inferior MI, incessant VT 
12 71 M Anterior/Inferior MI, paroxysmal VT 
13 44 M Anterior MI, paroxysmal VT 
14 * 62 M Anterior MI, incessant VT 
15 61 M Anterior MI, paroxysmal VT 
16 * 58 M Anterior MI, incessant VT 
17 * 59 M Anterior MI, incessant VT 
18 * 62 M Anterior/Inferior MI, incessant VT 
19 ** 70 F atrial fibrillation 
20 ** 64 F atrial fibrillation 

Abbreviations: CMT = circus movement tachycardia, F = female, M = male, MI = 
myocardial infarction, VT = ventricular tachycardia, WPW = Wolff-Parkins on-White 
syndrome, * = patients in whom transcoronary chemical ablation of ventricular tachycardia 
was performed. ** = Transcoronary chemical ablation of the artioventricular node. 
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during sinus rhythm and tachycardia using uni- and bipolar recordings. The 
diagnosis of the arrhythmia was confirmed and the site of origin of ven
tricular and atrial tachycardia and the site of implantation of accessory 
pathways was studied. Pace-mapping was also done in patients with ven
tricular tachycardia. To localize the site of origin of ventricular tachycardia, 
the locatization of myocardial infarction, when present, and the axis and 
morphology of the QRS complex on the 12-lead surface electrocardiogram 
were considered [17-19] along results of mapping and pace-mapping. In 
patients with the Wolff-Parkins on-White syndrome, the patient with incessant 
atrial tachycardia and one patient with ventricular tachycardia data during 
arrhythmia surgery confirmed the preoperatively localized site of origin of 
the arrhythmia or implantation of the accessory pathway. After the electro
physiologic study a coronary angiography was performed by the Judkins 
technique. Data from programmed stimulation and coronary angiography 
were correlated to identify a possible 'tachycardia-related coronary artery'. 
The artery was selectively catheterized with an angioplasty steerable guide
wire (0.014 inch). A 2.5 F lumen catheter with a distal metalic marker was 
thereafter introduced as far as possible in the 'tachycardia-related coronary 
artery'. With this catheter coronary flow was interrupted and iced isotonic 
saline and the 96% ethanol given. 

Administration of iced isotonic saline and interruption on blood flow to the 
arrhythmogenic area or pathway 

Iced isotonic saline was first given aselectively during tachycardia at a dose of 
10 ml and as fast as possible (usually 1.5-2.5 sec) in the left main coronary 
artery and ostium of the right coronary artery. That had no effects in any 
tachycardia except in one patient with incessant idiopathic ventricular 
tachycardia. That arrhythmia originated high in the interventricular septum 
and terminated transiently. The iced saline was thereafter given in the 
'tachycardia-related artery'. Reproducible termination of ventricular tachy
cardia was obtained in all patients with incessant tachycardias. The effect 
lasted for a few seconds in the patient with incessant atrial tachycardia 
(Figure 1) and for a variable length in the patients with incessant ventricular 
tachycardia. The same effects were obtained when ischemia was produced by 
wedging the catheter or by inflating a balloon catheter in two patients. In 
patients with paroxysmal ventricular terminated in all but one. In one patient 
with the Wolff-Parkinson-White syndrome transient block of anterograde 
conduction over the accessory pathway during sinus rhythm was obtained by 
giving iced saline through the circumflex coronary artery. In the other patient 
circus movement tachycardia was terminated by iced saline given in the atrio
ventricular nodal artery. 
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B. Transcoronary chemical ablation ofventricular tachycardia 

Once the 'tachycardia-related coronary artery' was identified chemical abla
tion of the arrhythmia was undertaken in 6 patients with incessant ventricular 
tachycardia after myocardia infarction. All 6 patients had no other therapeu
tic alternatives and were in incessant ventricular tachycardia for 1 to 4 
months. All patients had incessant ventricular tachycardia after myocardial 
infarction. Three had suffered from two infarctions. The left ventricular 
ejection fraction ranged from 11 to 20%. Three had had aneurysmectomy 
with placement of a patch. Available antiarrhythmic drugs (including experi
mental ones) failed to control incessant ventricular tachycardia and/or 
caused severe depression of the hemodynamic condition with pulmonary 
oedema. Five patients were in functional class III for dyspnea of the New 
York Heart Association and one patient in class IV. 

In patient 1 (Figure 2) ventricular tachycardia was reproducibly termi
nated by administration of saline through the first septal branch. Spontaneous 
asymptomatic occlusion of that septal branch occurred during the procedure. 
Incessant ventricular tachycardia disappeared and was not inducible by 
programmed stimulation. Four weeks after discharge, the patient had again 
incessant ventricular tachycardia. A repeat coronary angiography demon
strated retrograde collateral flow to the left anterior descending coronary 
artery from a right ventricular and conus branch. Selective catheterization 
and administration of saline through the conus branch repeatedly terminated 
the arrhyhtmia. Administration of a total of 6 ml 96% ethanol through that 
branch resulted in occlusion of the artery and cure of incessant ventricular 
tachycardia. After 17 months follow-up recurrences of the arrhythmia have 
occurred. 

In patient 2 transcoronary chemical ablation was performed after repeat 
demonstration of termination of incessant ventricular tachycardia by giving 
saline through the first septal branch (Figure 3). The arrhythmia terminated 
abruptly after administration of 1.5 ml of 96% ethanol. Complete atrio
ventricular block developed at that time and lasted for three days. Although 
atrio-ventricular conduction recovered, a permanent on demand pacemaker 
was implanted. At twelve months follow-up no recurrences of the arrhythmia 
have occurred and anterograde conduction is preserved. 

In patient 3 incessant ventricular tachycardia could repeatedly terminated 
by saline given in the distal posterior descending coronary artery. The 
arrhythmia originated in the distal septum. Chemical ablation was performed 
by giving 1.5 ml 96% ethanol in that artery (Figure 4). After six months 
follow-up no recurrences of the arrhythmia have occurred. 

Patient 4 had incessant ventricular tachycardia that could be terminated 
by giving saline in a right ventricular branch giving collateral blood supply to 
the left descending anterior coronary artery. Administration of 1.5 ml of 96% 
ethanol in that branch resulted in disappearance of ventricular tachycardia. 
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Figure 2. Left anterior oblique projection during left coronary angiorgraphy showing an 
occluded left anterior descending coronary artery and a small septal branch before the 
occlusion (arrow) (panel A). In panel B the septal branch has been selectively catheterized. 
Note the metalic marker of the 2.5 F lumen catheter (open arrow) (panel B). Panel C 
illustrates termination of a ventricular tachycardia with a left bundle branch block morphology 
and left axis in the frontal plane. That arrhythmia originated from the apical-inferior septum. 
Twelve surface ECG leads are shown. From Brugada Pet al. Circulation 1989. 
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Figure 3. Panel A shows the left anterior oblique projection during left coronary angiography. 
A septal artery is observed (arrow) before an occluded left anterior descending coronary 
artery. In panel B the septal branch has been selectively catheterized. In panel C termination 
of the incessant ventricular tachycardia by iced saline is shown. Administration of ethanol 
resulted in cure of the arrhythmia. From Brugada Pet of. Circulation 1989. 

Interestingly, in this patient the vessel did not occlude after giving the 
ethanol. After 5 months follow-up the patient is asymptomatic. 

In patients 5 and 6 a similar procedure was followed to cure incessant 
ventricular tachycardia by giving ethanol in the distal left anterior descending 
coronary artery and the distal part of a posterior marginal branch from the 
circumflex coronary artery. 

Five patients complained of chest pain during administration of ethanol. 
The chest pain was, however, very short-lasting (a few seconds) probably 
because of immediate destruction of the nerve terminals by the ethanol. The 
oxalactic transaminase rose to 180 units in patient 1, to 89, 80, 190, 140 and 
120 in patients 2 to 6 respectively (normal value less than 40 units). A 
technetium pyrophosphate scan did not show an area of infarction in any 
patient but patient 4. After cure of incessant ventricular tachycardia the 
functional class improved in all patients. Patient 1 is in functional class II, 
patients 2 and 3 have resumed work and are in functional class I. Patient 4 is 
in functional class II. Patient 5 died of a drug intoxication and patient 6 
remains in functional class III. 
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Figure 4. Right anterior oblique projection during right coronary angiography (panel A) and 
after selecting catheterization of the distal posterior descending coronary artery (panel B). 
Panel C shows the abrupt termination of ventricular tachycardia with ethanol. Panel D 
illustrates occlusion of the distral posterior descending coronary artery. From Brugada P et af. 
Circulation 1989. 

C. Transcoronary chemical ablation of the atrioventricular node 

In two patients with uncontrollable ventricular rates during atrial fibrillation 
transcoronary chemical ablation of the atrioventricular node was performed 
after various attempts to ablate the bundle of His with an electric shock had 
failed. Using the described techniques the atria-ventricular nodal artery was 
selectively catheterized. The administration of 1 ml ethanol resulted in 
permanent complete atrio-ventricular block (Figure 5). 

Complication during transcoronary termination and ablation of tachycardias 

Selective catheterization of the coronary arteries is not devoid from compli
cations. Manipulation of the catheters resulted in coronary spasm in two 
patients. The spasm was solved without further consequences. The enzyme 
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Figure 5. Panel A shows the left anterior obligue projection and the right coronary 
angiography. The arrows point to the atrio-ventricular nodal artery selectively catheterized in 
panel B (arrow). Panel C shows the effect of contrast material with transient atrio-ventricular 
block in the right part. Panel D shows complete atrio-ventricular block after administration of 
ethanol. Panel E shows ventricular pacing being terminated to illustrate the high regular 
escape rhythm developing in these patients. 

rise after ethanol was expected. It has to be realized that chemical ablation 
results in a myocardial infarction, In our eight patients destruction of a small 
myocardial area had enormous benefits in terms of control of their 
arrhythmia and improvement of their functional class. However, in other 
patients the benefit may be only marginal (arrhythmias with a better pro
gnosis) or the damage too large (larger infarctions resulting in an overall 
poorer quality of life). The risk to benefit ratio has to be carefully considered 
on each individual patient. It seems warranted to presently reserve this 
technique only for patients without any other therapeutic option until much 
more information becomes available on the benefits and risks and how to 
becomes available on the benefits and risks and how to assess its balance in a 
particular individual. 

Discussion 

The results of this study demonstrate that there exists a 'tachycardia-related 
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coronary artery' which can be identified and selectively catheterized using the 
present refined angioplasty techniques. This 'tachycardia-related coronary 
artery' provides blood flow to the arrhythmogenic area or a critical 
tachycardia pathway (like the atria-ventricular node). This 'tachycardia
related' coronary artery can be used to administer chemicals (ethanol in our 
study) to destroy the arrhythmia substrate or tachycardia pathway. There 
remain many challenges and open questions for the further refinement of this 
technique. Findings during transcoronary termination with iced saline may 
help us better understand many pathophysiologic aspects of arrhythmias in 
man. A major reconsideration of the concepts utilized during electrical 
mapping and pacemapping of ventricular tachycardia may be required if one 
considers the discrepancies between 'electrical' and 'anatomical mapping' 
findings. We realize, however, that the specificity of the 'tachycardia-related 
artery' was not completely assessed in our study. Only successful ablation of 
incessant ventricular tachycardia in our six patients and of the atrio
ventricular node in other 2 support that we localized a critical anatomic area 
for perpetuation of the arrhythmia. This technique has been developed at a 
time when major disappointment exists on the results of percutaneous 
electrical ablation of ventricular tachycardia [10]. Results from transcoronary 
termination with iced saline may help better define the indications and the 
technique to be used during percutaneous electrical ablation of arrhythmias. 
In that way they may become complementary rather than excluding each 
other. 

Further refinement of presently available catheters and guide wires and 
available radiology tachniques will be required to allow catheterization of still 
smaller coronary arteries and to unable us reaching in infarct-related vessel 
retrogradely from collaterals. That will help reduce the amount of myocardial 
damage while still obtaining the desired effect. It should not be forgotten, 
however, that chemical ablation is aimed to destroy the arrhythmia substrate, 
thus a myocardial infarction will always be created. The further success of 
this technique will depend upon the ability to successful control the 
arrhythmia while creating less damage than surgery but more damage than 
unsuccessful percutaneous electrical ablation (which damages less tissue but 
at the wrong site). 

Important questions are also the mechanisms of action of both saline and 
ethanol from which not much is known at the present time. Also whether 
saline and ethanol are the best options for the selected purposes is unknown. 
Saline allows confirmation of the identification of the 'tachycardia-related 
artery' before definitive ablation is undertaken. In that way, it allows the 
investigator performing the procedure to anatomically 'map' the area where 
definitive ablation will be performed. Injection of radioisotopic or contrast 
material may allow estimation of the mass of myocardium that may 
eventually be destroyed by the ethanol. 

As shown by our fourth patient, successful ablation with ethanol does not 
necessarily require occlusion of the 'tachycardia-related coronary artery'. As 
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illustrated by our first patient occlusion of the 'tachycardia-related coronary 
artery' without chemical ablation may by insufficient to destroy the ar
rhythmia substrate if collateral flow develops. From the theoretic point of 
view destruction of the 'tachycardia cells' by a chemical without occlusion of 
the coronary artery should offer the best results. 

Successful transcoronary chemical ablation of tachycardia (TeAT) has 
been performed in our six patients with incessant ventricular tachycardia and 
two patients with uncontrollable rates during atrial fibrilIation. We have not 
attempted to ablate other types of arrhythmias at the present time. Although 
we successfully terminated one circus movement tachycardia by means of 
iced saline given in the atrio-ventricular nodal artery, chemical ablation in 
patients with an accessory pathway should ideally be directed to destroy the 
accessory pathway. One has to realize, however, that we have no information 
at the present time about blood supply to accessory pathways. This will 
require extensive pathologic investigation of the normal and abnormal atrio
ventricular groove. Similarly, extensive investigation of the blood supply to 
the border zone of an infarction, atrial myocardium and conduction system 
will further refine and possibly extend the applications of this technique. The 
basic concept behind this technique is, however, simple: there is a blood 
supply to any area of the heart capable to generate and/or conduct electrical 
activity. If the artery providing that blood supply is recognized and selec
tively catheterized that area can be destroyed using the appropriate chemical. 
When that area plays a critical role as site of origin or pathway of an 
arrhythmia, destruction of that area should cure the arrhythmia. 
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18. Sudden death and the autonomic nervous system 
The prognostic value of heart rate variability 

PHILIPPE COUMEL and JEAN-PIERRE DESCHAMPS 

Numerous markers have been proposed to evaluate the prognosis of patients 
having suffering from a myocardial infarction (MI). They range from parame
ters as simple as age to complex investigations including hemodynamic 
studies, coronary angiography and programmed electrical stimulation. Non
invasive approaches naturally tend to have the clinicians' preference, and 
particularly data derived from Holter recordings, so that an abundant, rather 
controversial and frequently revised literature deals with the prognostic value 
of ventricular arrhythmias. The discussion is still active about the definition 
of the most sensitive and specific criteria that should be considered. There is 
some evidence that relying on a limited view of arrhythmic events to assess 
the long-term prognosis of a disease that by definition concerns many aspects 
of the cardiac functions would be illusory, and progressively most of the 
initially proposed criteria have been abandoned or the emphasis on their 
value has been tempered. The number of ventricular premature beats, their 
distribution into isolated extrasystoles with or without bigeminy, with or 
without repetitive activity, the coupling interval have been claimed to con
stitute valuable markers of low- or high-risk groups of patients. It is now 
largely admitted that a common primary condition to any prognostic index is 
an impaired myocardial function, the most convenient if not the most reliable 
way for its evaluation being a left ventricular ejection fraction of less that 30 
or 40 p. 100. 

Post-Mi prognosis: the HRV approach 

Heart rate variability (HRV) has been considered since a long time as the 
possible marker of an impaired heart status conditioning a poor prognosis, 
but with the remarkable exception of some pioneers [1, 21 it did not provoke 
a large interest from clinicians. Among many reasons including the difficulty 
of clearly understanding the complexity of the physiology [31 of the 
autonomic nervous system (ANS), a real obstacle was the difficulty of 
standardizing the techniques of evaluation. They require specially oriented 

A. Bayes de Luna et aI. (eds.): Sudden Cardiac Death, 191-207. 
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laboratory investigations, mainly based on the measurement of the respira
tion- or blood pressure-related variations of the heart rate on a short term 
basis. In essence, monitoring continuously the heart rate on a long-term basis 
during normal activity rather than on the occasion of somewhat experimental 
and time-limited conditions was the main obstacle. Curiously however the 
introduction of the Holter technique did not provoke a renewed attention to 
this problem. The difficulty of evaluating and quantifying HRV certainly was 
a technical obstacle, but the fact is that the interest of cardiologist was 
focused on arrhythmias for determining the prognosis of MI. Some disap
pointment in this area, and overall the demonstrated beneficial effect of beta
blockers in the prevention of sudden death most probably explain the 
resurgence of interest for the methods exploring the ANS through HRY. 

The heart rate variations are dependent upon the ANS and its different 
components, that not only differ in their function of accelerating or decel
erating the heart, but in their neurogenic or humoral origin which conditions 
the time constant of their influence. When defining the mechanism of the 
different types of heart rate variations, it is essential not to be manichean 
because most phenomena depend on a balance rather than on the effect of a 
single action of a part of the system. Of course, roughly speaking the main 
function of the vagus nerve is to slow the heart rate whereas the sympathetics 
accelerate it. However, these functions in fact depend on the starting balance 
of the system and the decrease of the sympathetic tone or the increase of the 
vagal drive may slow the heart without producing the same pattern of HRY. 
The vagal drive is responsible for short-term heart rate changes [4], and the 
respiratory RR interval variations are easily visible on beat-by-beat tacho
grams of Holter recordings (Figure 1). According to the reference method 
formed by the power spectral analysis [5], these fluctuations associated with 
breathing are responsible for the high-frequency peak centered at values of 
0.20 to 0.40 Hz. The significance becomes less and less easy to interpret as 
the wavelength increases: heart rate oscillations covering 10, 15, 20 second, 
the so-called Mayer waves [6, 7] certainly have to do with the sympathetic 
innervation, a fact that does not imply that they only reflect the neurogenic 
sympathetic activity and that the vagal drive is not concerned. This mid
frequency peak centered between 0.08 and 0.12 Hz was in fact initially 
related to the frequency effects of the basoreceptor reflex. Much longer 
oscillations covering up to one or two minutes (Figure 2) can also be 
observed [8], and they are most probably caused by humoral rather than 
neurogenic modulations that can involve not only catecholamines but also 
the renin-angiotensin system [5]. 

HRV and the post-MI prognosis: a personal experience 

Our experience with sudden prediction comes from the retrospective analysis 
of baseline 24-hour tapes of 20 patients belonging to the IMPACT study 
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Figure 1. Beat-by-beat visualization of HRY. Cycle-to-cycle changes are clearly visible in the 
tachograms of Holter recordings. The upper tracing shows a very stable rate. It is in sharp 
contrast with the middle panel displaying typical respiratory-related heart rate oscillations, 
whereas the bottom panel shows variations of adrenergic origin, of much longer duration and 
larger amplitude. Note that the level of heart rate has nothing to do with these different 
patterns. This tracing was recorded in a 3-year old child. 

data bank [9]. Two sets of 10 tapes were matched in such a way that the 
classically considered arrhythmic events ('simple' and 'complex' arrhythmias 
... ) were equivalent. The initial part of our study was conducted blindly and 
its aim was to detect which 10 patients had died suddenly or survived during 
the I-year follow-up of this intervention trial using mexiletine. Just taking 
into account an increased sinus rate, frequent sudden changes detected at the 
audio-visual processing of tapes (Figure 2), and the occurrence of any 
arrhythmias (atrial as well as ventricular) in the context of a sinus tachycardia, 
we were able to find out 8 of the ultimately dead patients (true positives), 8 
of the surviving patients (true negatives), with only 2 false positives and 2 
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Figure 2. Heart rate oscillations of humoral origin. Heart rate oscillations may involve tens of 
seconds or minutes, so that using different scales may be useful to evidence them. From 
bottom to top the the steps of the tracings represent from 1 to 13 beats per division (b./div-), 
thus giving a more flexible evaluation than the upper usual heart rate trend. 

false negatives. The probability of obtaining such a result just by chance was 
less than 2% at the exact test. It is important to underline that the absence of 
heart failure was required for inclusion in the IMPACT study. 

This experience led us to concentrate on HRV rather than arrhythmia 
behavior, and the study was continued openly using our method of HRV 
evaluation. It is based on the detection of oscillatory heart rate changes over 
a certain number of RR intervals. If, for instance, a sequence of 2 to 4 
progressive shorter and shorter (or longer and longer) cycles is preceded and 
followed by 2 cycles having the opposite trend, this oscillation is stored and 
its amplitude, i.e., the difference between the longest and the shortest cycle is 
measured. This category of short, respiration-related heart rate variations 
corresponds to the high-frequency peak in the frequency domain [5, 7, 10]. 
Longer oscillations involving a central sequence of acceleration or decelera-
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Figure 3. Analysis of respiratory heart rate oscillations. In this 24-hour recording of a normal 
patient (maximal, mean and minimal heart rate trends in the upper diagram), the short-term 
cycle length oscillations have been targetted by the computer. They involve shorter and 
shorter sequences of 2 to 4 cycles preceded and followed by 2 cycles displaying the opposite 
trend. Oscillations having a minimal amplitude (gradient between the longest and the shortest 
cycle of the sequence) of 40 ms are quantified in number per minute in the middle diagram, as 
well as their amplitude ('Gr' for gradient, mean ± SEM) in the lower diagram. The numbers 
are higher at night than at daytime, whereas the amplitudes are variable. 
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tion over 8 to 12 cycles surrounded by opposite trends over 5 cycles 
correspond to the mid-frequency peak, and even longer sequences of 15-30 
cycles form the low-frequency peak. The number and the amplitude of each 
type of oscillation can be considered separately (Figures 3 and 4), or the 
product of the two expressed in milliseconds, and we verified that it was 
equivalent to the power spectrum in the frequency domain [11]. The main 
difference is that our method of valuation can be used in the time domain. 
The whole 24-hour tracing can be processed in about 20 minutes rather than 
being restricted to stationary sequences of 256 or 512 beats or seconds, as it 
is usually the case with methods based on the fast Fourier transform. 

We compared 3 groups of 10 patients, and the data are displayed in 
Figures 5 and 6. In addition to the two preceding groups of 'survivors' and 
'dead' IMP ACT patients, we formed a reference cohort of 10 normal 
subjects. The raw data clearly show large interindividual variations in each 
group (Figure 5). Not only the relative importance of 'short', 'mean' and 
'long' oscillations largely vary from case to case, but the relative importance 
of each category cannot be standardized. In Figure 6 the results are given for 
the groups, and if one can easily distinguish some trends, it is by no means 
possible to separate dead patients from survivors. Interestingly, the best 
performance is obtained by considering the short, vagally-mediated oscilla
tions. Their 'product' (number times amplitude) is 5282 ± 2358 ms (mean 
± SD) in normals, 2812 ± 2026 in survivors, 2152 ± 1667 in dead 
patients. The difference is significant for the 3 groups (p < 0.01, analysis of 
variance). However, it is essentially related to the difference between subjects 
and patients, not between the two groups of patients. Considering the other 
types of oscillations does not show any significant differences whatsoever 
between the groups. One can only distinguish trends of diminution from 
normal to survivors and dead patients for mean (4327 ± 1433 ms, 3828 ± 
4151, 2621 ± 1447, respectively) and long (3489 ± 988, 2939 ± 1976, 
2129 ± 976) oscillation products. Clearly these trends would have become 
significant if confirmed over a much large number of cases, but it was not 
less clear that it would not be possible to individualize further the patients 
that are really at risk. At this stage the analysis had to be refined. 

A very frequent characteristic of patients in comparison to subjects is the 
alteration of the normal day and night distribution of the different types of 
oscillations. Figure 3 and 4 displayed the typical pattern in a normal subject, 
with a predominance of vagally-mediated oscillations at night, and a pre
dominance of sympathetics-related oscillations at daytime. This pattern is 
very frequently altered in patients, in whom the curves tend to parallel 
(Figure 7). Considering the two trends of a decreased HRV (whatever the 
category of oscillations) and altered circadian behavior, we defined an HRV 
index as the sum of the different types of oscillations, each being weighted by 
its own circadian behavior: night/day ratio for the short, day/night ratio for 
the mean and long oscillations. This sensitized HRV index was higher than 
the basic values in survivors (15349 ± 9745 ms vs. 14654 ± 9712). What 
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Figure 4. Analysis of adrenergic heart rate oscillations. In the same patient as in Figure 3, 
longer sequences including 8 to 12 accelerating or decelerating cycles are analyzed in terms of 
number and amplitude. Their behavior differs from that of short oscillations: they are more 
numerous at daytime than at night. The same would apply to longer oscillations involving 
more than 15 cycles. The absolute value of the amplitude of the two categories obviously 
differ, but their relative changes throughout the 24-hour period are parallel. 

was only a trend between the two groups became a significant difference 
clearly displayed in Figure 8 using the X2 test: with a cut-off value of 
14000 ms, only 3 survivors, and 9 out of 10 dead patients were individual-
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Figure 5. Individual data of survivors and dead patients of the IMPACT study, compared to 
normals. The groups are composed of 10 cases. Tapes of normal subjects are compared to 
baseline tapes of 20 patients divided into two groups according to the outcome during the 
I-year follow-up: 10 survivals and 10 sudden deaths. The quantification of short, mean and 
long oscillations according to the numbers of beats of the central sequence (2-4, 8-12, 15-
30 respectively) are expressed by the product (per hour) of amplitude times number (in ms). 
The magnitude of interindividual variations is striking, even though a general trend of decreas
ing values can be distinguished from left to right. 
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Figure 6. Averaged data of survivors and dead patients compared to normals. The mean 
values (± SEM) of short (triangles), mean (squares) and long (pentagones) oscillations are 
given for the groups of 10 normal (open symbols), 10 survivors (grey symbols) and 10 
patients dead during the l-year follow-up (solid symbols). There is a clear trend of decreasing 
values from normal subjects to survivors and dead patients. However, a significant difference 
was only evidenced for the short oscillations, and it was restricted to separating subjects from 
patients. 

ized, a significant difference between the two groups (p < 0.01). Of course 
all the 10 normal subjects were above this cut-off value. 

This experience shows that we can indeed demonstrate a prognostic value 
of HRV which in the present case permits to designate the patients at risk 
not as a group but as individuals. However, there are at least two limitations 
of this study. One is that the HRV index we finally chosed after others was 
carefully tuned for these groups, and it remains to be verified if it would be 
as effective in other randomly selected tapes, a process we are presently 
carrying out. Another limitation is that the tapes initially selected had been 
matched in terms of arrhythmias, not in age, and a significant difference 
between the two groups appeared when the code was open, the survivors 
being younger by more than 6 years (p < 0.05). As it is well established that 
HRV diminishes with age, clearly this bias favors the HRV index perfor
mance for detecting high-risk patients. On the other hand, it can be argued 
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Figure 7. Trends of hourly values of oscillations in a patient dying suddenly. The product 
(number times gradient) is expressed in milliseconds per minute of recording for the vagally
mediated and adrenergic types of oscillations in the ambulatory recording of a severely 
diseased patient who actually died suddenly at the end of the recording. Not only the values 
are less than half the normality, but the distribution is particular: the parallelism between the 
two curves is in contrast with the behavior observed in normal (compare with Figure 3 and 4). 
Another evidence of the globally decreased HRV is given by the pattern of the heart rate 
trends: the difference between the maximal and minimal heart rates is very much reduced. 

that age itself is indeed a classical factor of poor prognosis in the MI follow
up, so that it is correct to include implicitely in any index this factor, as 
probably others that are not clearly individualized. 

Methods, experiences and significance of HRV evaluation 

A number of methods have now been described for assessing HRV. They are 
not equivalent, but they do concur to emphasize the poor prognosis included 
in decreased HRV. It is not easy to understand why methods that are 
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addressing very different aspects of HRV are finally so consistent in the 
message they deliver. 

Methods of evaluation of HRV 

The power spectral analysis is generally accepted as the reference for the 
development of other approaches of HRV quantification, even though after 
all using time-series techniques in the frequency domain (Fourier analysis) 
may not be the most appropriate method: in particular it supposes the 
stationarity of the data and the symmetry of heart rate oscillations, two 
conditions that are never strictly respected [12]. The consequence is that the 
possibilities are limited by the necessity of studying short, carefully selected 
periods which may not reflect totally the clinical reality. These limitations 
explain in part why, in the recent resurgence of interest concerning the HRV 
[7], other methods have been proposed [13-16] that must be replaced in the 
context of the more classical ones [1, 2, 17, 18]. Figure 9 situates some of the 
methods that were recently critically reviewed [10] with respect to the three 
high-mid- and low-frequency peaks of the frequency domain, or the short, 
mean and long oscillations used in the time domain with our or other [12] 
methods. The most global evaluation certainly is provided by the standard 
deviation of RR intervals during long periods of up to 24 hours [19]: 
obviously this method excludes any approach of the dynamicity of the ANS 
because it realizes a mixture of the different types of HRV occuring over 
seconds to hours. The result is the impossibility to distinguish any type of 
dysfunction of the ANS. The counterpart of this limitation is the robustness 
of the method which is particularly easy to handle and in fact already exists 
more or less in many commercially available Holter processing systems. 
Un surprisingly, strong correlations can be evidenced between this method 
and others that are all dealing with the low- or extremely low-frequencies like 
the day-night difference in mean heart rate or the 'heart rate spikes' [4], 
because all these approaches have in fact nothing to do with the short-term 
HRV. Considering the mean of standard deviations of RR intervals over 5 
min segments [20] acts as a high-pass filter in the Fourier domain, suppress
ing in particular the day-to-night variations, the heart rate spikes and 
oscillations of the type we showed in figure 2 for instance. The contrary 
applies to the standard deviation of the means of 5 min segments that for 
Myers [10] represents a low-pass filter of approximately 0.006 Hz. A very 
original method proposed by Ewing [13] was to count the number of beat-to
beat transitions greater than 50 ms ('BB 50'), and because it compares 
adjacent cycles, by definition it concerns the high-frequency peak of the 
power spectrum. The same applies to the 'mean circular resultant' [16], 
particularly directed to exploring the repiration-related cycle length varia
tions. Finally, the baroreflex sensitivity [18] explores a complex reflex arc 
[21] in which the vagus is certainly the efferent route, whereas the afferent 
nerves are of sympathetic as well as parasympathetic nature. 
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Figure 9. Various indices of HRV in the frequency domain. The power spectral analysis is 
figured in the upper part of the diagram as the reference, including the 3 classical high- (HF), 
mid- (MF) and low-frequency peaks, expressed in Hz (the scale in the vertical axis is 
arbitrary). These peaks correspond to the short, mean and and long oscillations of the heart 
rate in the time domain. Other methods of evaluation are represented in terms of sensitivity to 
this or that type of HRV in the frequency domain, the darker areas figuring the most sensitive 
to any type of frequency, and to a lesser extent this also applies to the 'mean SD' (mean of the 
standard deviations of 5-min segments). The 'BB 50' (number of > 50 ms differences between 
adjacent cycles) only deals with high-frequency variability, whereas the contrary applies to the 
'SD of the mean' (standard deviation of the means of 5-min segments). Finally, the baroreflex 
sensitivity deals with a complex reflex involving the neurogenic vectors of the vago
sympathetic balance (high- and mid-frequcncy peaks) but not the humoral adrenergic stimula
tion (low frequency). 

To summarize this rapid review it is clear that the various methods do not 
explore the same components of HRV, hence comparable aspects of the 
ANS functions. If we try to express it in physiological terms, some 
approaches obviously focus on the vagal drive by exploring essentially the 
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respiratory HRV, and some only explore the adrenergic influences of 
humoral origin that have wavelengths of the order of one minute to several 
hours. The baroreflex sensitivity are somewhere in-between these extremes 
whereas the power spectral analysis, the peak-trough method [12] or our 
method of quantification of oscillations have the ambition of exploring 
selectively all the various components of the system. 

HR Vand the prognosis of cardiopathies 

The general experience is that HRV decreases as the cardiopathy progresses 
[1, 2, 10, 16, 19, 20, 22-25]. Not only heart failure [1, 24] but the simple 
existence of a coronary heart disease [22], contribute to diminish the HRV, 
and the evolution of the changes that follow MI can be traced [23, 26]. 
Studies aiming at a more accurate evaluation of prognosis, particularly the 
prediction of death and sudden death provide consistent results. Statistically 
significant features are documented either thanks to the large number of 
cases [19] or to the sensitivity of the method [8, 10, 25], and our personal 
experience we have just reported is in accordance. 

What is striking in this rapidly increasing literature is the fact that it is 
consistent no matter the method used. One would expect that exploring 
selectively the different types of HRV would provide a better sensitivity than 
a global approach. This is partly verified by the fact that the high-frequency 
HRV dealing essentially with the parasympathetics is more effective to 
separate the groups or the individuals than less selective methods. This was 
true in our experience where short oscillations distinguished normals from 
patients whereas other types did not, and the same applies to the baroreflex 
method [25]. Still, incrementing the number of cases and the follow-up 
duration remains the best way to overcome the important dispersion of 
individual data (Figure 5). In this sense, considering the global HRV makes 
the statistical analysis easier even though it leaves some frustration about the 
practical interest of more selective evaluations. Refining the use of the latter 
is certainly the best way to improve the predictive value of the studies, as we 
did for defining our HRV index. However, what we really need is a better 
understanding of the significance of the various types of oscillations, their 
relationships with the complex physiology of the ANS. Just to take the 
example of the method we are presently using, it is by far not demonstrated 
that expressing its results in terms of product 'amplitude times number' is the 
best way to exploit it. We simply did so because by analogy with the power 
spectrum, but it may well be that the two components of the product do not 
have the same physiological significance. The amplitude of the heart rate 
oscillations may be an image of the flexibility of the sinus response through 
the various types of receptors, whereas the number may reflect in some way 
the neural traffic. 
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Significance of HRV 

There must be fundamental reasons explaining the decreased HRV and its 
very different modalities from patient to patient. Heart failure is well-known 
for diminishing the beta-adrenergic receptor density [27, 28]. This is sup
posed to explain the decreased sensitivity to catecholamines [27] that 
contrast with an enhanced sinus rate sensitivity to beta-blockers, and coexists 
with a decreased sensitivity to atropine that has been demonstrated as well 
[1]. These blunted sensitivities coexist with a dramatically increased traffic in 
the sympathetic nerves [29,]. What we are evaluating with HRV is the global 
result of the very complex interplay of a chain of components forming the 
ANS. Neural and humoral vectors are permanently interacting behind a sort 
of curtain formed by the receptors that transmit the balanced influences to 
the sinus node. The existence of a patent heart failure is otherwise not the 
common explanation of a decreased HRV: this was not the Kleiger's experi
ence [19], and it is not ours with the IMPACT patients who were supposed 
not to have this condition to be included in the study. Even in the absence of 
a cardiac insufficiency that by definition indicates the failure of compensa
tory mechanisms, the intermediate stage of myocardial dysfunction provokes 
the ANS reactions we are able to evaluate. A decreased flexibility of the 
ANS indicates that it is stressed for reasons that may not be patent. HRV 
measures this flexibility, which may be altered at the expense of this or that 
of its components, thus probably explaining why its features may be different 
from patient to patient, but with the common result of an impaired adapta
tive function. 
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19. Ventricular electrical instability 
Markers and trigger mechanisms 

GUNTER BREITHARDT, MARTIN BORGGREFE and 
ANTONI MARTINEZ-RUBIO 

The underlying arrhythmia in most patients who die suddenly outside the 
hospital is some type of ventricular tachyarrhythmia, mostly monomorphic 
ventricular tachycardia degenerating into ventricular fibrillation. This has 
been shown in a multitude of long-ECG recordings in patients who died 
suddenly [1, 2]. In only a minority of patients, sudden cardiac death is due to 
bradyarrhythmias. Bayes de Luna et at. reported on 61 patients from the 
literature who died from ventricular fibrillation during ambulatory long-term 
ECG recording [1]. Though ventricular fibrillation was the initial rhythm in 
28% of cases, the initial rhythm was a monomorphic ventricular tachycardia 
subsequently degenerating into ventricular fibrillation in 69% of cases. In the 
remaining 3% of cases, ventricular flutter degenerated into ventricular 
fibrillation. These initiating ventricular tachycardias frequently had a rate 
below 300 bpm [2J. 

The mechanisms that led to the development of ventricular tachyar
rhythmias have been studied in animal models and in man [3-6J. From these 
studies, several mechanisms emerged that underly the occurrence of 
ventricular tachyarrhythrnias and subsequent sudden cardiac death (Table 1). 
Since most cases of sudden cardiac death occur in patients with coronary 
artery disease, mainly after a previous myocardial infarction, this clinical 
spectrum has been studied most extensively. It has become apparent that the 
most important factors are the frequency and type of spontaneous ventricular 

Table 1. Pathophysiological mechanisms of sudden cardiac death. 

Chronic electrophysiological abnormalities 
Transient ischemia 

acute coronary occlusion without/with a preceeding myocardial infarction 
coronary spasm 
unstable coronary artery plaques leading to embolization into the peripheral coronary 
system 
exercise induced ischemia 

Changes in autonomous nervous innervation 

A. Bayes de Luna et al. (eds.): Sudden Cardiac Death, 209-222. 
© 1991 K1uwer Academic Publishers, Dordrecht. 
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arrhythmias, the degree of left ventricular dysfunction, the occurrence of 
ischemia, and the modulation by the autonomous nervous system. 

In this paper, those factors and mechanisms that are presently considered 
as important for the genesis of ventricular tachyarrhythmias and, thus, 
sudden cardiac death will be discussed with the main focus on patients with 
coronary artery disease. Any description of the mechanisms leading to 
sudden cardiac death has to take into consideration those factors that have 
been shown to be important for assessing prognosis in patients with coronary 
artery disease, mainly after previous myocardial infarction [7, 8]. In addition, 
it should explain why some patients have frequent and complex ventricular 
arrhythmias during long-term ECG-recording after myocardial infarction but 
do not die suddenly whereas others who die suddenly, may have had less 
dramatic findings in their ECG. 

It is now generally accepted that most episodes of ventricular tachyar
rhythmias are due to reentry that may occur in small, circumscribed areas of 
the myocardium, mostly in areas of previous myocardial infarction. Alterna
tively, it may involve larger parts of the ventricles. Reentry mostly needs 
some area of abnormal tissue with the propensity to develop slow conduction 
and initiating factors (trigger factors) that start reentrant excitation. Trigger 
factors may be single premature ventricular beats, ventricular couplets or 
short runs of ventricular tachycardia (salvoes) or an episode of ischemia 
affecting the potential reentrant circuit. The tissue capable of developing 
reentry may be permanently abnormal or may change its electrophysiological 
characteristics transiently under the influence of ischemia. 

The role of spontaneous ventricular arrhythmias as trigger factors for 
ventricular tachyarrhythmias has been shown in patients after myocardial 
infarction in whom the risk of subsequently dying suddenly was closely 
related to frequent and repetitive ventricular arrhythmias [8]. However, a 
substantial number of patients who die suddenly after myocardial infarction 
do not have frequent and complex spontaneous ventricular arrhythmias [7]. 
In the presence of an abnormal tissue with the propensity to ventricular 
tachyarrhythmias, also artificially induced premature beats using programmed 
ventricular stimulation may induce ventricular tachyarrhythmias [3, 9-14]. 
Changes in the activation properties within the potential reentrant circuit due 
to changes in basic heart rate may also cause reentrant excitation [6, 15]. 
These events may obviously be modulated by changes in autonomic nervous 
innervation [16, 17]. If there is no abnormal or potentially abnormal tissue in 
the ventricles, the same spontaneous ventricular arrhythmias will not initiate 
reentry. This explains why spontaneous ventricular arrhythmias are benign in 
otherwise healthy hearts [18]. 

Arrhythmogenic substrate 

An abnormal tissue that may become the site for the genesis and mainte-
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nance of reentry, may be called an 'arrhythmogenic substrate'. Though this 
term is obviously not well defined, its use has some conceptual advantages as 
it suggests that the occurrence of high grade ventricular tachyarrhythmia is 
not due to an abnormal response of the whole ventricles but instead is due to 
an area with abnormal electrophysiological properties. 

Experimental and clinical studies have provided evidence that myocardial 
infarction may leave a zone of electrically abnormal ventricular myocardium 
that may have the propensity to ventricular tachycardia, the 'arrhythmogenic 
substrate'. This tissue is mostly located at the border zone of a previous 
myocardial infarction. It is characterized by islands of relatively viable muscle 
alternating with areas of necrosis and later fibrosis. Such tissue may result in 
fragmentation of the propagating electromotive forces with the consequent 
development of high-frequency components that can be recorded directly 
from these areas [4-6, 19, 20) or noninvasively using signal-averaging 
techniques [9,10,21-30). The fragmented signals that can be recorded from 
these areas have been called 'ventricular late potentials' [26). The individual 
components of fragmented electrograms most probably represent asynchron
uous electrical activity in each of the separate bundles of the surviving muscle 
under the electrode. The intrinsic asymmetry of cardiac activation due to 
fibre orientation (anisotropy) may be accentuated by infarction and may 
predispose to reentry [4, 20). The slow activation of these areas might result 
from conduction over circuitous pathways caused by the separation and 
distortion of the myocardial fibre bundles. The low amplitude of the 
electrograms from these regions probably results from the paucity of surviv
ing muscle fibres under the electrode because of the large amounts of 
connective tissue, and not from depression of the action potentials. There
fore, the anatomic substrate for reentry seems to be present in regions where 
fragmented electrograms can be recorded which, thus, indicates slow 
inhomogenous conduction. 

In the chronic post-myocardial infarction phase, the 'arrhythmogenic 
substrate' is usually considered to be permanently present in form of 
myocardium interspersed with fibrosis. However, a zone with arrhythmogenic 
properties may also arise acutely and be present only transiently. The 
classical example of an acutely developing arrhythmogenic tissue is acute 
myocardial infarction that is frequently accompanied by ventricular fibrilla
tion. The changes that occur in this situation are frequently transient in 
nature and may subside as soon as the tissue is completely necrotic. 

Ischemia may also occur in the presence of a chronic 'arrhythmogenic 
substrate'. The importance of this combination is suggested by the high 
incidence of recurrent ventricular fibrillation and sudden cardiac death in 
survivors of out-of-hospital cardiac arrest where ischemic events in the 
presence of preexisting healed myocardial infarction, obviously, enhance 
the risk of the occurrence of fatal arrhythmias. The importance of this 
mechanism has been demonstrated in experimental studies where ventricular 
fibrillation could result from ischemia at a site remote from previous 
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myocardial infarction [15, 31]. Other studies have shown that cat hearts with 
acute infarction superimposed on healed myocardial infarction have a greater 
incidence of spontaneous and induced ventricular arrhythmias than do hearts 
with acute infarction alone [32]. 

Ischemia may be confined to a small area of the myocardium that may be 
too small to sustain a reentrant tachycardia. However, it may be a site of 
origin for some type of abnormal automaticity that may act as a trigger factor 
modifying a chronic arrhythmogenic tissue after previous myocardial infarc
tion in a way that it is able to sustain a tachyarrhythmia. Such acute 
(transient) changes in the electrophysiological properties of the arrhyth
mogenic substrate, either affecting it directly (hereby slowing conduction 
velocity and modifying refractory periods) or indirectly via ischemia-induced 
spontaneous repetitive ventricular activity acting as a trigger factor, may be 
an important mechanism for the occurrence of sudden cardiac death. Davies 
et al. [33], e.g., were able to show that in patients who died suddenly within 6 
hours after onset of symptoms, 50% had either isolated multifocal micro
scopic necrosis or regional coagulative necrosis. This was frequently caused 
by unstable plaques in the proximal coronary arteries due to rupture with or 
without trombus deposition. Partly, this thrombotic material might have been 
washed downwards into the coronary system. Similar conclusions might be 
derived from a study by Falk [34] who reported on the significance of 
platelet microemboli in sudden cardiac death occurring within 24 hours. 
Further support for the role of intramyocardial platelet aggregates in 
survivors of cardiac arrest was recently presented by Lo et al. [35]. Ruptured 
atherosclerotic plaques manifested angiographically were more prevalent in 
patients without inducible monomorphic ventricular tachycardia (11 of 22 
patients, 50%) than in those with it (5 of 27 patients, 19%, p < 0.05). 
Similarly, a higher incidence of ruptured plaques was found in patients 
without akinetic or dyskinetic segments (8 of 14 patients, 57%) than in those 
with them (8 of 34 patients, 24%, p < 0.06). Thus, ruptured plaques were 
more prevalent in patients without a demonstrable anatomic and/or electro
physiologic substrate for reentrant ventricular tachycardia. 

Another factor that may cause transient episodes of regional ischemia 
serving as a trigger factor, may be the occurrence of coronary arterial spasm. 
Bertrand et al. [36] reported that 20% of patients with recent transmural 
myocardial infarction showed provocation of coronary spasm after intrave
nous injection of 0.4 mg methergine compared to only 6.2% in patients 
studied later after myocardial infarction. 

The relatively small areas of necrosis as found in the studies by Davies 
et al. [33] and Falk [34] are themselves not sufficient to cause ventricular 
fibrillation. However, by acting as a trigger factor by locally inducing spon
taneous ventricular activity, they might induce ventricular tachyarrhythmias 
at sites distant from the one of ischemia. This latter mechanism, though still 
hypothetical, would explain why these patients died suddenly from such 
small areas of necrosis without evidence of extended myocardial infarction. 
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This may present a link between anatomic and physiologic disturbances in 
sudden cardiac death [37]. Another apparent difference between the patient 
with the chronic arrhythmogenic substrate and the one with an acute 
ischemic syndrome due to a ruptured plaque obviously is the difference in 
time between onset of symptoms and death. In the latter situation, it is 
conceivable that focal necrosis needs some time to develop and expand 
during which the adequate conditions for triggering a ventricular 
tachyarrrhythmias are met. 

Thus, on the basis of the data presented above, one might speculate that a 
previous myocardial infarction provides the 'arrhythmogenic substrate' which 
is then triggered by ischemia-induced ventricular arrhythmias occurring at a 
site distant from this infarction. This would be another explanation for the 
observation by Patterson et al. [15] that transient ischemia caused ventricular 
fibrillation only if there was a previous myocardial infarction. Though these 
hypothetical links between disturbances in coronary circulation due to 
regional occlusions and sudden death are attractive, they are not yet cor
roborated by data from clinical intervention studies. 

In the recent preliminary report from the aspirin component of the 
ongoing Physicians Health Study [38], there was no significant difference in 
the prevalence of sudden cardiac death (JCD code 798) in those on placebo 
compared to aspirin. In contrast, data from the registry of the Coronary 
Artery Surgery Study (CASS) [39] suggest that recurrent ischaemia may play 
a role in sudden cardiac death. Freedom from sudden death « 1 hour) in 
high risk patients (i.e. with 3-vessel disease and left ventricular dysfunction) 
was observed in 69% of medically treated patients, but in 91% of surgically 
treated patients (p < 0.0001). This may imply that prevention of recurrent 
ischemia by adequate revascularization may be the underlying mechanism 
responsible for the greater freedom from sudden death in these patients. 
With regard to the contradictory findings of these studies, more information 
is obviously needed before the definite role of ischemia in the mechanisms of 
sudden death can be established. 

If the size of ischemic myocardium is sufficiently large, ventricular fibrilla
tion in the absence of previous myocardial infarction may occur and cause 
sudden cardiac death. The true incidence of this mechanism is unknown. 
This mechanism would apply to persons who die suddenly without an 
antecedent myocardial infarction ('primary' sudden death). Long-term ECG 
recording is rarely performed if not at all, in these asymptomatic patients. 
Therefore, no information from patients studied out-of-hospital is available. 
However, as this situation resembles the very early stage of acute myocardial 
infarction, it can be assumed that in most of these cases, sudden cardiac 
death is initiated by ventricular fibrillation. This is obviously in contrast to 
the mechanism of sudden cardiac death in patients with previous myocardial 
infarction in whom the initiating event is mostly a sustained monomorphic 
ventricular tachycardia [1, 2]. 
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Parameters to assess the presence of electrical instability 

Since the mechanisms of sudden death in general as well as in post
myocardial infarction patients are complex (Figure 1 and Table 1), no single 
method will be able to identify the patient at risk. Therefore, several 
techniques have been developed (Figure 2). 

For the analysis of spontaneous ventricular arrhythmias ambulatory long
term EeG recording has been used for many years. Multivariate statistical 
techniques have shown that frequent and complex ventricular arrhythmias 
can be considered as harbingers of sudden death in patients after myocardial 
infarction [8, 40, 411. However, the large spontaneous variability of ven
tricular ectopic beats and above all of complex forms such as pairs, salvoes, 
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Figure 1. Factors that influence the arrhythmogenic substrate. 
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Figure 2. Methods for diagnostic assessment of the arrhythmogenic substrate and of those 
factors that may influence it. Abbreviations: EF = ejection fraction; PVS = programmed 
ventricular stimulation; VT = ventricular tachycardia; VF = ventricular fibrillation. 
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and runs of non-sustained ventricular tachycardia [42-45) demands 
extended periods of long-term ECG recording. Furthermore, the accuracy of 
the long-term ECG in correctly identifying high-risk patients has been 
questioned [46) as spontaneous ventricular arrhythmias also occur in a large 
proportion of patients who do not develop ventricular tachycardia or sudden 
death during follow-up. Thus, the large number of false-positive results limits 
the clinical value of spontaneous ventricular arrhythmias especially when the 
question is to decide who should or should not be treated with anti
arrhythmic drugs. In addition, long-term ECG recording, although non
invasive, is time-consuming, even if semi-automatic or automatic arrhythmia 
detection devices are used. 

Another factor that may initiate arrhythmias is the occurrence of ischemia. 
A propensity to ischemia may be diagnosed using electrocardiographic 
exercise testing, thallium myocardial scintigraphy, gated-blood pool imaging, 
as well as coronary arteriography. However, though these methods may well 
be suitable to give an estimate of the propensity to ischemia in an individual 
patient at the time of the study, there is no way to predict whether and when 
a progression in the degree of stenosis or even the progression to occlusion 
will occur. 

The effects of spontaneous ventricular arrhythmias and/or of ischemia 
may be modulated by the autonomous nervous system. We are still in an 
early stage of understanding its role in the genesis of lethal arrhythmias in 
patients with coronary artery disease [16, 17). There is a need for appro
priate techniques that allow to analyse its role. Our knowledge of the contri
bution of increased sympathetic discharge to an ischemia-mediated increase 
in ventricular vulnerability has been based mainly on indirect observations. 
However, there is now growing evidence that autonomous reflexes likely play 
an important role in several clinical conditions such as transient myocardial 
ischemia and spontaneous or induced myocardial reperfusion [16, 17, 47). 
Preliminary studies in uncomplicated post-infarction patients showed that 
measurable cardiac electrophysiological modifications occurred as a con
sequence of psycho-emotional stimulation even though this mental stress did 
not induce arrhythmias [17). 

Spontaneous ventricular arrhythmias only represent the trigger factor that 
may influence the arrhythmogenic substrate and may induce sustained 
ventricular tachycardia in the presence of predisposing electrophysiological 
conditions. Presently used approaches include a more direct assessment of 
the electrophysiological ('arrhythmogenic') substrate. A promising approach 
that has been introduced during recent years, is the detection of ventricular 
late potentials on the body surface (Figure 3) [23). These ventricular late 
potentials consist of low-amplitude fragmented electrical activity that occurs 
at the end of QRS or during the ST-segment and that probably originates 
from areas of regional slow conduction in the border zone of old myocardial 
infarction (see above) [23, 48]. Their presence is closely correlated with the 
propensity to ventricular tachycardia [10]. 
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Figure 3. Signal-averaged and filtered recording of leads x, y, z, (vector magnitude) in a 
patient with ventricular tachycardia. QRS-duration in the highly amplified recording was 134 
msec. Low-amplitude activity appeared between 159 and 214 msec (duration 55 msec). The 
program automatically identified the end of the total QRS-complex at 214 msec on the x-axis. 
The amplitude in the terminal 40 msec was low (V(40) = 3.57 microvolts) which was 
automatically measured by the program. Additionally, the onset of low-amplitude activity was 
automatically identified at 159 msec on the horizontal axis. The program also measured the 
mean voltage of the late potential (Y(LP) = 4.22 microvolts), the maximal voltage of the late 
potential (Vmax(LP) = 8.82 microvolts), and the mean voltage of the true QRS-complex 
(Y(QRS) = 110.82 microvolts). 

Our own clinical experience is presently based on a total of 628 patients. 
Only patients without a history of sustained ventricular tachycardia or 
fibrillation outside the acute phase of myocardial infarction, without a history 
of syncope and without complete bundle branch block were included. During 
a mean duration of follow-up of 49 ± 15.0 months, the incidence of 
arrhythmic complications (sustained ventricular tachycardia or sudden 
cardiac death within one hour) increased as a function of the presence and 
duration of late potentials. The risk of major arrhythmic complications was 
2.8 times greater in patients with late potentials of less than 40 ms duration 
compared to those without, and 9.3 times greater in those with a duration of 
40 ms or more. 

Similar results were reported by others though the methodology for 
recording, the algorithms used, and the entry criteria into the studies differed 
[25,27,49, 501. 
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Programmed electrical stimulation of the ventricles (Figure 4) represents 
another approach to assess the presence of an arrhythmogenic substrate. 
Since the pioneering work by Wellens et al. [141, it has been well-known for 
many years that in patients with previously documented ventricular 
tachycardia, identical tachycardias can be induced in a high proportion of 
cases by appropriate ventricular stimulation techniques. Furthermore, in 
patients resuscitated from out-of-hospital cardiac arrest, non-sustained and 
often sustained ventricular tachyarrhythmias can be induced by programmed 
ventricular stimulation in about two thirds of cases [51, 52, 531. Recently, 
great interest has developed in the use of programmed ventricular stimula
tion not only for the diagnosis of ventricular tachycardia in patients with 
previously documented episodes but also for assessing the prognosis of 
patients with coronary artery disease. 

Our own prospective study includes 548 patients. 402 patients had a 
history of previous mycardial infarction. In 269 patients, the study was done 
within 2 months after myocardial infarction. Using single and double 
premature stimulti at different cycle lengths of basic drive, non-sustained or 
sustained ventricular tachycardia was induced in 34 and 11% of patients, 
respectively. During a mean follow-up duration of 22 ± 18.5 months, 2.8% 
of patients died suddenly whereas a similar number of patients developed an 
episode of spontaneous symptomatic sustained ventricular tachycardia 
requiring emergency intervention. Sensitivity for predicting sudden death was 
62%, and for predicting sustained ventricular tachycardia 92%. The highest 
predictive value for an abnormal result of programmed ventricular stimula
tion was found in patients in whom sustained ventricular tachycardia at a rate 
below 270 bpm was induced (predictive value: 39.3%). In contrast, induction 
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Figure 4. Programmed ventricular stimulation with induction and termination of monomor
phic sustained ventricular tachycardia in a patient after recent myocardial infarction. 
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of either no ventricular echo beats or only non-sustained ventricular 
tachycardia indicated a good prognosis as only 8/198 cases experienced an 
arrhythmic event. Relating the induction of sustained ventricular tachycardia 
at a rate below 270 bpm to ejection fraction (cut-off point 40%), the 
predictive value of a positive test increased to 71 %. No patient with inducible 
sustained ventricular tachycardia and an ejection fraction greater than 40% 
developed an arrhythmic event. A normal result of programmed stimulation 
(induction of less than 4 consecutive echo beats) predicted a high chance of 
being not at risk of sudden cardiac death or of symptomatic sustained 
ventricular tachycardia. Thus, the results of our prospective study in patients 
after recent myocardial infarction and in patients with chronic coronary 
artery disease has shown that the subsequent occurrence of sudden cardiac 
death (within one hour) or of symptomatic sustained ventricular tachycardia 
requiring some type of emergency intervention could be predicted by the 
results of programmed ventricular stimulation in a high percentage of 
patients. If the type of induced ventricular arrhythmia (non-sustained and 
sustained ventricular tachycardia), the rate of induced ventricular tachycardia, 
the interval between myocardial infarction and electrophysiological study, 
and the degree of left ventricular impairment (ejection fraction) is taken into 
account, the predictive value of the test can be increased. 

Similar results were reported by Hamer et al. [54] and Richards et al. [11]. 
In contrast, Marchlinski et al. [55] as well as Santarelli et al. [56] were not 
able to predict the subsequent occurrence of arrhythmic events as they had a 
very low event rate in their small patient cohorts. 

In these studies, the predictive value of an abnormal result of programmed 
stimulation (defined differently in the various studies) varied considerably. 
This partly depended on the fact that in some studies, there were no 
arrhythmic events or due to the small number of these events, no prediction 
could be made. The only two studies (besides our study) that actually were 
able to predict the subsequent occurrence of sudden cardiac death were 
those by Hamer et al. [54] and by Richards et al. [11]. These two studies 
included only patients after recent myocardial infarction. The predictive 
value of a positive test for sudden cardiac death was 33.3 and 21.1%, 
respectively. Similar to our study, Richards et al. [II] also observed the 
occurrence of sustained ventricular tachycardia after discharge from the 
hospital whereas Hamer et al. [54] did not report any episode of sustained 
ventricular tachycardia after hospital discharge. 

Clinical approach to the evaluation of post-myocardial infarction patients 

From the clinical point of view, non-invasive procedures are obviously 
desirable for screening purposes whereas it would be acceptable to use more 
aggressive invasive techniques in certain subsets of patients. A step-like 
approach using non-invasive recording of late ventricular potentials as the 
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initial step would allow one to preselect patients for further evaluation by 
invasive electrophysiological techniques. Whether this approach might be 
feasible was tested in 132 postmyocardial infarction patients who were 
studied prospectively [9]. It could be demonstrated that the combined use of 
signal averaging and programmed ventricular stimulation helped to identify 
subgroups of patients at markedly different risk of developing spontaneous 
symptomatic sustained ventricular tachycardia. Patients at highest risk were 
characterized by, first, the presence of ventricular late potentials; second, an 
abnormal result of programmed ventricular stimulation; third, a rate of 
induced ventricular arrhythmia less than 270 bpm. With regard to establish
ing antiarrhythmic therapy, this might be a subgroup of postmyocardial 
infarction patients that might benefit most. 

With respect to presently available information, signal averaging for the 
detection of late ventricular potentials seems to be a promising new tech
nique for the identification of patients at risk of ventricular tachyarrhythmias. 
However, the relative value of this technique for the prediction of ventricular 
tachycardias in comparison to sudden cardiac death demands further pro
spective study. With regard to the significant number of false-positive results 
which is not only the case with signal averaging but also with, for instance, 
long-term ECG recording, it seems unjustified to expect anyone method to 
be able to identify the individual patient at risk of sustained ventricular 
tachycardia and/or sudden death. In this context, long-term ECG recording 
and signal averaging might prove useful as screening methods whereas 
programmed ventricular stimulation might serve for further risk stratification. 
No definite answer can presently be given with regard to the future role of 
programmed ventricular stimulation for the identification of patients at risk 
of severe arrhythmic events after myocardial infarction. Though the results of 
prospective studies in large populations are encouraging and support the 
view that these arrhythmic events are obviously related to chronic electro
physiological abnormalities, confirmation of these data is urgently necessary. 
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20. Risk factors of sudden cardiac death after acute 
myocardial infarction 
Ventricular disfunction, ischemia and ventricular arrhythmias 

FRANCISCO NAVARRO-LOPEZ 

Introduction 

It is well known that the risk of sudden cardiac death (SCD) increases in 
patients who have survived an acute myocardial infarction during the first 
months or years after the acute event. And it is also recognized that the SCD 
is basically an arrhythmic death due to ventricular fibrilation, preceded or 
not by ventricular tachycardia. The incidence of SCD has been estimated in 
3.5-5% a year, representing the 60-80% of all deaths [1-4J. This group of 
patients may then be considered an excelent model to study 'risk factors' 
related to its occurrence. 

The widespread interest on these studies is mainly due to the fact that the 
'risk factors' are prognostic indicators. They may identify a 'high risk' group 
of patients that could benefit from a preventive approach, and a 'low risk' 
group of patients that may be spared of expensive workups and unnecessary 
treatment. In the second place, the identification of those risk factors with 
clear physiopathological meaning may help to clarify the mechanisms of 
SCD, its substrate or its precipitating factors. Furthermore, our understand
ing of its mechanisms may help to design a specific preventive strategy whose 
epidemiological importance can not be overenfasized, since this population 
represents the largest group of patients at risk of sudden death [4J. 

The aim of this short review is to analyse some of the lessons learned in 
the long term follow up of patients surviving an acute myocardial infarction. 

Thanks to these studies we know that the factors that predispose to SCD 
are basically of three types [5J (Figure 1): the major factor is the left 
ventricular disfunction, related to the extent of the myocardial necrosis; 
lesser factors are the residual myocardial ischemia, reflecting the presence of 
severe coronary artery disease, and the ventricular arrhythmias. 

It is commonly accepted that the risk factors related to SCD are no 
different from the factors of cardiac death. 

A. Bay~s de Luna et al. (eds.): Sudden Cardiac Death, 223-237. 
CO 1991 Kluwer Academic Publishers, Dordrecht. 
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Figure 1. Major risk factors of SeD in post-infarction patients (Modified from Gotlieb (5)). 

Statistical methods 

A risk factor is a variable whose association with SCD has been documented 
by the Student 't' test, the X2 test or the 'log rank test' (univariate analysis). 
To determine the relative importance of the different risk variables, a 
multivariate analysis may be performed, such as multiple regression analysis 
or the discriminant analysis [6]. These statistical techniques (Table 1) usually 
identify, among a number of variables with an univariate prognostic value, 
the variable showing the strongrest association with the survival or death of 
the patients (in the case of mUltiple logistic regression) or with the length of 
survival (in the survival analysis of Cox). Once the variable with the strongest 
predictive value has been identified (Xl)' the model selects next a second or 
a third variable (X2' X3, etc.) with prognostic information not included in the 
previous one. This variable is said to have an 'independent' predictive value. 

Table 1. Multiple regression analysis. 

Lineal 
Logistic 
Survival (Cox) 

P = (B + BI • XI + B2 • X 2 + •.• Bn • x.) 
P= III +e(B+BI,xl+B2·B2+···BnXn) 

P = F(t) e(B+ BI ' XI +B2 oB2 + ... Bn 0 Xn) 

The methodology has important limitations and the variables selected 
depend largely on the population studied, on the variables included in the 
analysis, the dispersion of the data, and sometimes of a certain erratic nature 
of the statistical model [7]. Those circunstances might account for some of 
the discrepancies observed in the literature. 

Left ventricular dysfunction 

A number of studies have shown that left ventricular disfunction is the single 
more important factor determining cardiac and SCD [1-5, 8-16]. Patients 
with the highest risk of SCD are those with a severe residual impairment of 
left ventricular function due to an extensive necrosis. Many clinical and 
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hemodynamic variables related to the ventricular function have been found 
to have univariate predictive value of survival [16]. Among them, for 
example, it is worth remembering the clinical variables included in the 
indexes of Peel [8], Killip & Kimball [9] and Norris [10]: the pulmonary 
venous congestion on the chest X -ray or at the auscultation, a third sound, 
the NYHA class, a previous myocardial infarction; or the hemodynamic 
variables studied by Forrester [11] and Sanz et al. [12], such as de cardiac 
output, the pulmonary wedge pressure, the enddiastolic volum, the systemic 
blood pressure; or the variables related to the size of the necrosis: peak CK 
concentration, enzimatic curves or the QRS index. 

However, when all these variables are included in the multivariate analysis 
the statistical model nearly always selects the left ventricular ejection fraction 
(L VEF) as the only variable with 'independent' predictive value of cardiac or 
SCD [12-16]. This variable then includes all the prognostic information 
available in the rest of the variables related to the cardiac function. The 
L VEF determined by means of the contrast or the radionuclide ventriculog
raphy is the left ventricular function parameter more commonly used in 
clinical practice, and is therefore a very suitable prognostic marker. SCD is 
exceptional in patients with an L VEF greater than 40% and the incidence 
increases proporcionally to its reduction. The annual mortality rate increases 
to 10-15% in patients with an L VEF of 20-40% and is higher than 40% 
when the LVEF is lower than 20% [2]. It has been shown by Fioretti [37], 
examining the 'receiving operator characteristic curves' (ROC), that cardiac 
death can also be predicted with the same degree of accuracy from the 
clinical variables (age, history of cardiac failure, and the degree of pulmonary 
congestion on the chest X-ray). Tibbits has also shown that the prognostic 
value of the radionuclide L VEF is slightly higher than that of the clinical 
variables (functional class of the NYHA before the myocardial infarction, 
pulmonary congestion and left bundle branch block), but the practical value 
of the added information is negligible (Figure 2) [17]. 

Other variables related to the ventricular function 

The impairment of the left ventricular function is commonly related to the 
loss of contractU mass and the size of the myocardial infarction. However, the 
variables that quantify the infart size have not shown to have the same 
prognostic value than the LVEF, their lack of accuracy being one of the 
possible explanations. 

The search of other functional variables with a more specific prognostic or 
physiopathological meaning has not met with much a success. White [18], 
however, suggested that the enlargement of the end-systolic volume, reflect
ing the degree of left ventricular dilatation, may be a more significant 
predictor of SCD than the L VEF alone. The dilatation could be related to 
the 'infarct expansion' associated with the stretching of the necrotic tissue 
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Figure 2. Sensitivity versus specificity for late mortality after myocardial infarction of 
variables related to ventricular function: c1incial variables, EF% and exercise test ('ROC' 
curves). The closest curve to the upper left corner (100% sensitibity and specificity) cor
responde to the variable with the largest prognostic value (Modified from Fioretti [37[ and 
Tibbits [17]). 

during the systolic contraction, leading to the progressive slippage of the 
necrotic fibers. The expansion usually takes place during the first two weeks, 
but it is not unusually that it becomes progressive and continues for months, 
being the leading mechanism of the functional impairment. According to this 
concept, the depression of the L VEF could be accounted for by two 
mechanisms: the initial size of the necrosis and the myocardial expansion that 
may follow. 

A third mechanism may be the transient loss of contractility of the 
ischemic segment (,stunned myocardium'). In fact acute pulmonary edema or 
cardiac failue in the acute phase of the myocarfial infarction has shown in 
some studies to have a predictive value independent of the LVEF [19]. As 
pointed out by Rapaport [201, patients who have suffered an acute pulmo
nary edema are more prone to have severe coronary artery lessions and an 
extensive zone of myocardium at risk of transient ischemia. It seems then 
advisable to submit those patients to further evaluation. 

According to some authors, a left ventricular aneurism may be a particu
larly ominous prognostic indicator of SCD, suggesting that aneurism is an 
specific anatomic substrat for ventricular fibrilation [21, 22]. Resection of the 
aneurism could then be advocated to prevent SCD. However the results of 
our prospective study on myocardial infarction ('UB/MIP', University of 
Barcelonal Myocardial Infarction Project), are not in keeping with this 
hypothesis [23]. Although the 51 patients with aneurism diagnosed by 
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contrast ventriculography showed a significantly higher death rate than the 
rest of the patients, the mortality was not different when compared with a 
control group of patients matched by age, L VEF and severity of coronary 
lessions. Furthermore, the proportion of patients dying of sudden arrhythmic 
death (Hinckle class I) [24] was similar in both groups (Figure 3). These data 
are against the aneurism being a predictor of SCD independent of cardiac 
function. Probably these patients have a worst prognosis because the 
aneurism is associated with a lower L VEF. 

Moss [25] and Bigger [26] have described a significantly higher mortality 
rate in patients under digitalis (up to 38.5% at 4 months) [26]. Although it 
may be associated with a more pronounced depression of the cardiac 
function, an arrhythmogenic toxic effect can not be excluded in those 
patients recovering from a myocardial infarction. 

Mechanism 

The role of the infarct size and the depression of the left ventricular function 
as a substrate for SCD has a strong experimental basis. Gang et at. [27] have 
shown that the extensive necrosis is a factor leading to ventricular tachycardia 
in dogs [27]. Garan et al. [281 have also shown that the infart size and the low 
L VEF were the only variables to predict the appearence of sustained 
ventricular tachycardia elicited by programmed electrical stimulation in the 
animal studies [28]. 

However, it has not been easy to find an explanation for this relationship. 
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Figure 3. Kaplan-Meier survival curves of patients with ventricular aneurism studied in the 
'UB/ MIP'. To the left: the estimated survival of patients with anevrism (N = 51) is significantly 
different from the rest of the patients (p < 0.01 , 'log rank test'). The table on the left lower 
corner shows the number of patients in each Hinckle class. To the right: the survival of 
patients with aneurism was not significantly different from the matched group of patients. The 
numbers indicate the patients followed-up. 
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Reentry is the accepted mechanism for the ventricular arrhythmias and the 
size of the myocardial scar could be a determinant factor. But the exact 
mechanism of the relationship between the infarct size and the pathways 
implicated in the induction of the ventricular tachycardia can only be 
speculated [28]. 

White et al. [18] raised the possibility that the global or segmental 
ventricular dilatation may play an important role in the induction of the 
ventricular fibrillation. The increase in wall stress associated with the larger 
radius of curvature and the elevation of the myocardial oxygen consumption 
that follows could favor the appearence of the ischemia and the reentry of 
electrical impulses between the normal and the stretched myocardial fibers of 
the isquemic segment. 

Treatment 

Unfortunatly the depression of the ventricular function due to the loss of 
myocardial mass is not expected to regress under treatment. This fact further 
stresses the need for limiting the infarct size and preserving the cardiac 
function in the acute phase of the myocardial infarction with the thrombolitic 
therapy. 

The prognosis may improve, however, if the reduction of afterload can 
prevent or lessen the ventricular dilatation associated with the infarct 
expansion. Pfeffer [29] has shown that captopril is able to prevent the 
ventricular dilatation and to improve the survival of the experimental 
myocardial infarction in rats. The results of the 'CONSENSUS' Trial in 
patients with cardiac failure, indicating that captopril may have a preventive 
effect on SCD, are consistent with this hypothesis [30]. 

The role of surgery in preventing the transient ischemia loss of cardiac 
function or the resection of the aneurism still lack of definite confirmation. 

Coronary artery disease and ischemia 

It was soon recognized that the severity and extent of the coronary artery 
disease as well as the myocardial ischemia were also important risk factors as 
shown by the univariate analysis. 

In 1975 we started in the University of Barcelona a long term prospective 
study (UB/MIP) to determine the catheterization variables related to survival 
after myocardial infarction [12]. We were able to indue 91% of the eligible 
patients admited to our coronary care unit. Our data confirmed the results of 
previous works [31] showing that triple vessel disease was a prognostic factor 
independent of LVEF (Figure 4). Patients with a LVEF between 21 and 
49% and triple vessel disease, showed a higher mortality rate than patients 
with single or two vessel disease. But survival was normal in patients with 
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Figure 4. Kaplan-Meier survival curves in patients with single, two or triple vessel disease, 
stratified according to the EF% (P indicates the differences between the group with an EF% 
over 50% and the rest of the subgroups). N = 259 (Sans 1982 [12]). 

thriple vessel disease and good ventricular function. Accordingly we sug
gested that profilactic surgery, usually recomended to patients with three 
vessel disease, should be restricted to this subgroup of patients with 
depressed L VEF. The benefit of this policy in patients after a myocardial 
infarction remains to be confirmed. 

Furthermore, Sami [32] from Stanford, Theroux [33] from Montreal, and 
Velasco [34] from Valencia, described that early submaximal exercise testing 
was able to detect residual myocardial ischemia, as demonstrated by an 
ischemic depression of the ST segment, in 15-30% of the patients. The 
mortality ranged between 22 and 32%, significantly larger than observed in 
patients with normal exercise test (0-8%) (Table 2). The relationship 
between the ST segment depression and the coronary artery lessions has 
been extensively documented. 

However, none of the early exercise test studies published later than 1981, 

Table 2. Exercise testing after MI. 

Reference N ST;;' 1 mm BP response 

Prevalence Mortality (%) Prevalence Mortality (%) 
Risk group Risk group 

High Low High Low 

Sami '79 [32] 85 21 22 0 
Theroux '79 [33] 210 30 27 2 
Velasco '81 [34] 200 14 32 8 9 7 10 
Weld '81 [35] 235 22 14 8 51 16 1 
Krone '85 [361 667 25 4 5 9 18 3 
Fioretti '85 [371 300 56 6 7 29 16 3 
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like the large studies of Weld [35), Krone [36) and Fioretti [37), have been 
able to confirm the prognostic value of the residual ischemia as assessed by 
the ST segment depression or the appearence of angina. On the contrary, 
they showed that inadecuate response of the systemic arterial pressure and 
reduction of the effort tolerance were specially usefull to identify a high risk 
group of patients, with a mortality rate of 16-18% and a low risk group with 
a mortality of less than 1-3%. Their results do not lend support to the 
ischemic hypothesis of the SeD, but rather enphasize the importance of the 
factors related to the ventricular function. 

The exercise test is now a widely used clinical procedure to stratify the 
prognosis of patients after a myocardial infarction, the blood pressure 
response and the endurance being more useful than the electrocardiographic 
changes. Weld [361 reported that patients who were able to complete an early 
excercise test with a good blood pressure response (up to more than 110 
mmHg. of systolic pressure) and showed no pulmonary congestion on the 
chest X-ray, had a one year mortality of 1% as compared with a 13% in the 
rest of the patients. Fioretti [37) arrived to similar conclusions. A rise of the 
systolic blood pressure greater than 30 mmHg, the lack of a previous 
myocardial infarction and the absence of digitalis was associated with a one 
year mortality of 3% (Figure 5). 

Other markers of myocardial ischemia 

The appearence of myocardial perfusion defects on Thallium-201 exercise 
test or of dynamic changes in segmental wall motion analysis on the 
radionuclide ventriculography under exercise may be considered a more 
sensitive and reliable signs of residual ischemia than the standard excercise 
test. Those variables showed a stronger correlation with the regional blood 
flow reserve estimated by digital angiographic techniques than the severity of 
the coronary lessions at angiography [381. 

KRONE 1985 . N : 859 FIORETTI 1986. N : 351 

1 ~ 11 1033 3 ~ 5 7 17 

Figure 5. Step-wise stratification of the risk in post-infarction and patients, according to the 
clinical variables (CI. V) and the exercise text (Ex. T). Data taken from Krone [36] a Fioretti 
[37]. Numbers are percentages of patients included in each group. The dark bar indictes 
patients with a positive response to the exercise test or with clinical variables present (+) or 
those who were not able to complete the test (0). 
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Gibson [39] has shown that multiple perfusion defects on the Thallium 
exercise test is a better predictor than the number of diseased vessels, 
electrocardiographic ischemia or angina. By means of the multivariate 
analysis, Hakki [40] has been able to confirm the prognostic value of the 
thallium-201 exercise test to be independent of the LVEF and of the 
ventricular arrhythmias recorded on the 24-h ambulatory Holter electrocar
diographic monitoring system. 

Silent myocardial ischemia has also been mentioned as a possible factor 
precipitating sudden arrhythmic death, since it may induce acute regional 
wall dynamic changes leading to segmental dilatation and arrhythmogenesis 
[18, 41]. This explanation suggests a link between ischemia, mechanical 
dysfunction and lethal arrhythmias. 

Of interest is the study of Cannom et al. [42] which described that the 
incidence of SCD was higher in patients with 'non Q-wave myocardial 
infarction' (30%) than in infarctions with Q-wave (15%). Those findings are 
in favor of the ischemic hypothesis, since a 'non Q-wave myocardial 
infarction' is considered an aborted or incomplete infarction due to the early 
spontaneous reperfusion of the coronary artery. Under these circumstances, 
the rate of recurrent ischemic coronary events would be understandably 
greater than in completed myocardial infarction. The early post-infarction 
angina, reflecting the residual ischemia, could have a similar meaning, as 
studied by Bosch [431. 

In summary, the information available suggests that myocardial ischemia is 
a prognostic factor independent of L VEF, but with a weak prognostic value. 
The relationship of ischemia and arrhythmic death is also supported by the 
appearence of ventricular tachycardias after ST segment elevation in the 
coronary spasm [4, 44], or the independent prognostic value of tobacco and 
emotional stress as shown in some recent papers, pointing to sympathetic 
activity as a precipitating factor of ischemia and arrhythmias [18,45,46]. 

Treatment 

Further support to this view [4] may be found in the results of the preventive 
coronary surgery or the BRAT trial. The betablockers were equally effective 
lowering the incidence of SCD in patients with or without ventricular 
arrhythmias, suggesting an anti-ischemic rather than and antiarrhythmic 
effect. 

Ventricular arrhythmias and ventricular function 

Kolter [47], Ruberman [48] and Moss [I], already described in the seventies 
the strong association of complex ventricular ectopic activity and the increase 
in mortality, giving rise to the arrhythmic hypothesis of the SCD. According 
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to this hypothesis the complex ventricular extrasystole are an independent 
risk factor of SCD, and have a direct role in the mechanism of death, leading 
to ventricular tachycardia and fibrillation, through a R on T fenomenon, for 
example. Conversely, Califf [49] showed that there was also a good correla
tion between the arrhythmias detected in the 24-h ambulatory Holter 
electrocardiographic recordings and the radionuclide L VEF, arriving to the 
conclusion that the ventricular ectopic activity may be simply a marker of the 
more severe left ventricular disfunction. 

If the predictive value of the ventricular arrhythmias were independent 
and additive to the ventricular disfunction, as assumed by the arrhythmia 
hypothesis, it would be reasonable to expect a beneficial effect of the 
antiarrhythmic therapy on the incidence of SCD. Otherwise the treatment 
could be only cosmetic if not detrimental because of the arrhythmogenic 
effect of the antiarrhythmic drugs. 

The extensive trials of MILlS [14], with 388 patients, the MPIRP [13], that 
included 766 patients submitted to 24-h electrocardiographic ambulatory 
recordings and radionuclide ventriculography and the BRAT [50], were able 
to definitly establish the relationship between the presence, frequency and 
the complexity of the ventricular arrhythmias and the SCD (Table 3). The 
MILlS and the MPIRP also confirmed the association between ventricular 
arrhythmias and depression of L VEF. But the multivariate analysis showed 
without any doubt that the relationship of ventricular arrhythmia and SCD 
(Hinckle class I) was independent of L VEF. Nevertheless, the additive 
prognostic value of ventricular ectopic activity, was weak. 

Since the proportion of SCD was similar in patients with and without 
frequent ventricular ectopic activity (3/h), this variable could be a marker of 
the electrical unstability of the ventricles, rather than a direct cause of the 
ventricular fibrillation. Figure 6, drawn with data from Bigger [13], shows the 
S-shape curve relating mortality rate to increasing number of ventricular 

Table 3. 24-h holter monitoring after MI. 

Reference N Mo VPDs Prevalence Mortality (%) Sudden D (%) 
Risk group Risk group 

High Low High Low 

MILlS '82 388 14 Pairs VT 26 16 3 
MPlP'84 766 24 PairsVT 28 20 7 13 4 

~10/h 20 19 9 13 5 
BHAT'87 3290 25 PairsVT 21 16 8 8 3 

~ lO/h 13 20 8 9 4 

N = Number of cases. 
Mo = Months. 
VPD = Ventricular premature depolarization. 
VT = Ventricular tachycardia. 
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Figure 6. Two year mortality of patients surviving a myocardial infarction, according to the 
frequency or complexity of the ventricular ectopic activity (VPD) recorded by the 24-h Holter 
monitoring system. The dark area of the bar represents the % of SeD (Data taken from Bigger 
113]). 

premature depolarizations on the 24-h Holter recordings. The mortality 
increases as ectopic activity rises from one to lO/h and then reaches a 
'plateau'. 

Figure 7 shows that the presence of ventricular ectopic activity of 3 

Relationship among ventricular arrhythmias, 
left ventricular dysfunction and mortality after myocardial infarction 

ro ..... 
L-

a 
E 
L-

eo 
Q) 

40 

30 

20 

>. 10 
C'J 

EF % 
VPD ",-3 

~3 

~50 

D 
III 

40-49 

N:766 

30-39 ",-30 

% 

EF % 

Figure 7. Two year mortality rate of patients surviving a myocardial infarction, stratified 
according to EF% and the presence of 3 or more VPD/ h. (Data taken from Bigger 113]). 
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VPD/hour increases the 2 year mortality rate in patients with an L YEF of 
less than 30% up to 39%, significantly larger than the mortality of patients 
with a lesser degree of premature activity. The relation of ectopic activity and 
mortality is less obvious in patients with good left ventricular function. 
Accordingly the antiarrhythmic treatment should be restricted to patients 
with impaired L YEF. 

Based on a study of 191 survivors of 'non Q-wave myocardial infarction' 
Maise [511 concluded that the ventricular ectopic activity was a significant 
predictor of mortality independent of L YEF, only in patients with 'non 
Q-wave' infarction. Mortality in patients with Q wave infarction (9%) could 
be related to the impairment of the left ventricular function, while death rate 
in patients with a 'non Q-wave infarction' (35%) might be atributed to an 
'unstable ischemic state' precipitating the ventricular arrhythmias. 

New parameters are presently under study in order to clarify the 
mecanisms of the electrical unstability in post-infarction patients: programed 
ventricular stimulation, post-potentials, changes in heart rate or the prolonga
tion of the QT interval, that may reflect the dispersion of the repolarization 
favoring the reentry mechanism. Their prognostic value is discussed in other 
chapters of this symposium. 

CAST STSD 

Aproach Guided byHolter Empirical 
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Seiection LVEF ~ .55 .45 
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Figure 8. Essentials of the protocol design in the CAST and STSD antiarrhythmic trials. 
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Treatment 

The definite proof of the validity of the arrhythmic hypothesis awaits the 
results of the clinical trials showing that antiarrhythmic treatment may be 
effective in preventing SCD. So far, no trial has been able to show any 
benefit. Recently two new clinical trials have been launched to test this 
hypothesis (Figure 8): the CAST [52] and the STSD (Spanish Trial on 
Sudden Death) [53]. Some features may distinguish these trials from the 
previous ones. In the first place they exclude patients with good ventricular 
function in order to avoid unnecessary treatment and dilution of the statisti
cal power. And in second place a careful supervision of the arrhythmogenic 
effects of the drugs has been planned, since the detrimental effects of the 
drugs may overcome their preventive benefit. The treatment in CAST is 
guided by the response to the drug as monitored by the Holter recordings. 
The treatment is empirical in the STSD. Hopefully we will soon have a 
definite answer if antarrhythmic therapy to prevent SCD will be justified in 
patients surviving a myocardial infarction. 
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Introduction 

During the last 30 years, it has been consistently observed that patients with 
non-Q-wave myocardial infarction (M!) have a greater likelihood of sub
sequent fatal and non-fatal cardiac events, particularly during long-term 
follow-up, than do patients with Q-wave MI. Because non-Q-wave MI is 
associated acutely with only a modest amount of myocardial necrosis, and 
because the attendant hemodynamic perturbations are less severe than in 
Q-wave MI patients, it is understandable why short-term survival time is 
decidedly greater and pump-related complications, such as congestive heart 
failure and shock, are decidedly fewer in patients with non-Q-wave MI 
[1-6]. 

Pathogenetic mechanisms 

Data regarding the pathogenetic mechanism of acute non-Q-wave MI are not 
definitive. The amount of left ventricular myocardium that is presumably at 
risk for infarction should be the same for Q-wave or non-Q-wave MI, based 
on coronary angiographic and autopsy data that show that the extent of 
coronary artery disease and associated cardiac risk factors are nearly 
identical [7-16]. Moreover, if we assume that the initiating event (i.e., total 
coronary occlusion) in Q-wave and non-Q-wave MI is identical, it appears 
plausible to hypothesize that the etiology for both infarction subtypes is 
identical. However, in the course of Q-wave MI without intervention, 
thrombosis alone or that superimposed on critical coronary artery disease, 
results in total and sustained coronary arterial obstruction, with resulting 
transmural necrosis, more extensive creatine kinase (CK) release, and the 
evolution of Q-waves in the majority of patients. In contrast, in patients with 
non-Q-wave MI, the evolving infarction is aborted prematurely due to early 
thrombolysis (spontaneous or through intervention), cessation of acute 
vasospasm, or both. Such patients may have an endogenously more active 

A. Bayes de Luna et aI. (eds.); Sudden Cardiac Death, 239-253. 
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fibrinolytic system that promotes spontaneous clot lysis during the early 
course of evolving acute MI [17,18]. 

Thus, while the degree of underlying coronary narrowing may be identical 
in both types of infarct, and thrombosis may be the inciting event, most 
patients with non-Q-wave MI exhibit non sustained or subtotal coronary 
obstruction. The result is some degree of early myocardial salvage (particu
larly the sub epicardium), predominantly subendocardial necrosis, less CK 
release, and the absence of evolutionary Q waves. 

Role of reinfarction and early recurrent ischemia 

It appears that the unexpectedly high long-term mortality rate of patients 
with non-Q-wave MI is due either to recurrent myocardial ischemia 
culminating in reinfarction [19, 20J or to arrhythmogenic sudden death [21, 
22]. Cannom et al. [23] found that the incidence of sudden cardiac death was 
higher after non-Q-wave MI (33%) compared with Q-wave MI (15%). 

Further, Theroux et al. found that the incidence of reinfarction and 
postinfarction angina during hospitalization was higher after non-Q-wave MI 
than after Q-wave MI [241. Lekakis et al. [25] demonstrated convincingly that 
not only was reinfarction after non-Q-wave MI more common than after 
Q-wave MI, but was also associated with an additional decrement in left 
ventricular function and survival [25]. Other non-fatal cardiac events, includ
ing early recurrent ischemia, unstable angina, and the need for myocardial 
revascularization with bypass surgery or angioplasty, are more likely to occur 
after non-Q-wave MI [26, 27]. 

Importance of post-infarction angina 

The frequency of early post-infarction angina and its prognostic significance 
was determined recently from the Diltiazem Reinfarction Study [28] of the 
576 non-Q wave MI patients, 330 (57%) exhibited one or more episodes 
of spontaneous angina ~ 24 hours after the index non-Q wave MI. The 
patients with post-infarction angina were further dichotomized on the basis 
of the presence (n = 115) or the absence (n = 131) of associated ischemic 
ST-T wave changes. The combined endpoints or early reinfarction, death 
prior to hospital discharge, or a combination of reinfarction or death for the 
subgroup of post-infarction angina alone vs. post-infarction angina with ECG 
changes (early recurrent ischemia) were examined. In the subgroup of 
patients with early recurrent ischemia, there was a four-fold increased 
incidence of reinfarction and a ten-fold increased incidence of death within 2 
weeks (11.5% vs. 1.5%). When these endpoints were combined, there was a 
five-fold increased incidence of reinfarction or death prior to hospital 
discharge in the early recurrent ischemia subgroup. 
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A similar analysis for late outcome variables was performed for the same 
subgroups of patients with and without post-infarction angina occurring 
during the period of early hospitalization after acute non-Q wave MI [29]. 
Using a similar format, we compared event rates for death, myocardial 
revascularization and any ischemic cardiac event for non-Q wave MI patients 
with and without early post-infarction angina. In the subgroup with early 
post-infarction angina, there was a two-fold increase in late mortality and the 
need for myocardial revascularization, while there was a 50% increased 
incidence of any ischemic cardiac event during the 1 year follow-up period. 
(Figure 1) 

Of note, when the 115 patients with post-infarction angina associated with 
transient ischemic ECG changes were compared to the 461 patients without 
post-infarction angina and ischemic ECG changes, there was an even higher 
comparative cardiac event rate for 1 year death (20% vs. 9%), late reinfarc
tion (27% vs. 18%), need for myocardial revascularization (25% vs. 13%) 
and any ischemic cardiac event (33% vs. 16%) (Figure 2) [29]. 

The role of ST segment depression in non-Q wave MI 

One year follow-up data on 515 patients from the DiItiazem Reinfarction 
Study who survived hospitalization with MB-CK confirmed acute non-Q
wave myocardial infarction were analyzed for factors related to mortality 
events (N = 57) and late reinfarction events (N = 64). Twelve of 24 analyzed 
variables were significantly associated with mortality. Those factors which 
were independently predictive of mortality by Cox regression analysis were 
persistent ST depression (p = 0.0009), a history of congestive heart failure 
(CHF, p = 0.0069), - older age (p = 0.0128), and ST elevation at hospital 
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discharge (p = 0.0173). In-hospital reinfarction achieved borderline signifi
cance (p = 0.0512). 

Mortality during the follow-up period was 5.5% in patients with no ST 
depression, 10.1% in those with ST depression at baseline or discharge, and 
22.2% in patients with ST depression at baseline and discharge (i.e. 'per
sistent' ST depression) (Figure 3). When compared to the lower risk patients 
who had no ST depression at either time point, no CHF, and no discharge 
ST elevation, age-adjusted risk ratios for mortality ranged from a low of 1.82 
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(patients with ST depression at baseline or discharge but not at both time 
points and who had no discharge ST elevation or CHF) to a high of ] 3.99 
(patients with persistent ST depression, discharge ST elevation, and CHF) 
(Figure 4). of the 483 patients with complete ECG data at both baseline and 
discharge, 203 (42%) could be stratified into a high risk population with a 
risk ratio for one year mortality more than 7 times that of patients with no 
risk factors. Although persistent ST depression was significantly associated 
with several measures of structural left ventricular damage, the independent 
significance of ST depression persisted even after adjusting for these factors. 
The independent predictors of late reinfarction were persistent ST depres
sion, p = 0.0058; Killip Class II or III, p = 0.0106, and left ventricular 
hypertrophy, p = 0.0470. This analysis permitted a similar risk stratification 
(Figure 5). 

These data indicate that: 
(1) easily identified clinical and electrocardiographic factors permit stratifi

cation of patients with non-Q-wave infarction into high risk subsets who 
may benefit from aggressive therapy; 

(2) ST depression is a highly significant and independent predictor of poor 
prognosis which appears to be associated with chronic left ventricular 
damage; 

(3) the powerful predictive value of persistent ST depression in non-Q-wave 
MI, even after adjusting for measures of structural damage, suggests that 
such ST depression may reflect large areas of hypoperfused and 
ischemic (or 'hibernating') myocardium predisposing to reinfarction, 
malignant arrhythmias, and deterioration of left ventricular function. 
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Role ofleft ventricular hypertrophy in non-Q wave MI 

Left ventricular (LV) hypertrophy is known to be an independent risk factor 
for cardiac death, but its significance in non-Q wave MI has not been 
assessed previously. In a randomized diltiazem-placebo-controlled therapeu
tic trial of non-Q wave MI confirmed by creatine kinase-MB (CK-MB), 126 
of 544 patients (23%) exhibitd LV hypertrophy using standard voltage 
criteria. Compared to patients without LV hypertrophy, patients with LV 
hypertrophy were significantly older (65 vs. 60 years, p < 0.0001) and had 
smaller peak adjusted CK levels (490 ± vs. 666 ± 726 lUll, P < 0.001) 
than patients without LV hypertrophy [30]. Patients with and without LV 
hypertrophy did not differ significantly in acute mortality during hospitaliza
tion, progression to Q waves, reinfarction by CK-MB criteria or angina 
associated with transient electrocardiographic changes. Compared with 
patients without LV hypertrophy, those patients with non-Q-wave MI and 
LV hypertrophy had a 2-fold higher incidence of reinfarction (24 vs. 12%, p 
< 0.005) (Figure 7) and death (19 vs. 9%, p = 0.044) (Figure 6) during the 
first year of follow-up [30]. Multivariate regression analysis revealed that the 
relative risk of death and reinfarction during the initial year after AMI was 
increased by a factor of 1.7 and 2.1 among patients with LV hypertrophy, 
respectively [30]. It was therefore concluded that, although patients with LV 
hypertrophy and non-Q-wave MI have smaller enzymatic infarcts and the 
same short-term prognosis as do patients without LV hypertrophy, their 
reinfarction and mortality rates are significantly increased during the first 
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year of follow-up. Thus, patients with LV hypertrophy may warrant more 
intensive diagnostic evaluation and management during the recovery phase of 
non-Q-wave MI. 

Risk assessment after non-Q wave MI 

Stratification of post MI patients into low and high risk subgroups is vitally 
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important in the overall investigation and management of patients, both 
acutely and long-term. Risk stratification is particularly important during the 
first year after acute MI, the period during which the risk of recurrent 
infarction and sudden death is greatest. Previous studies which have 
identified high risk subsets of patients with acute MI have included both 
Q-wave and non-Q wave infarction [31-34]. 

Given these short and long-term risks associated with non-Q-wave MI, 
many cardiologists advise that all patients with non-Q-wave MI have cardiac 
catheterization before hospital discharge. Before accepting this recommenda
tion as a routine management strategy, physicians should consider several 
important concepts, including: 
(1) The pathophysiologic basis for the greater clinical instability after non

Q-wave infarction may be related to 'incomplete infarction,' with a mass 
of viable myocardium that continues to be jeopardized after the infarc
tion. 

(2) Noninvasive testing, particularly stress radionuclide imaging, can identify 
patients who have residual ischemia. 

(3) Although coronary angiography can identify an anatomic basis for 
ischemia, it cannot determine with certainly that a specific stenosis, or 
'culprit lesion', is 'functionally significant,' i.e., that it will result in 
ischemia involving viable myocardium. 

It should also be emphasized that patients with non-Q-wave MI make up a 
highly heterogeneous group. Although some patients will manifest residual 
peri-infarction ischemia, others (about 30-50%) will not. This latter group 
will have a very low incidence of recurrent ischemic events (Le., reinfarction 
or unstable angina) in the year after hospital discharge, and a mortality rate 
of 2-5%. Whether such patients should undergo routine diagnostic coronary 
angiography remains controversial in the absence of findings from prospec
tive studies. On the other hand, it appears reasonable for patients with early 
postinfarction angina, especially if it is associated with transient ST -T wave 
changes, to be considered or prompt cardiac catheterization and myocardial 
revascularization. This seems even more appropriate if the patients has been 
refractory to anti-ischemic and antiplatelet drug therapies. 

Thus, it would appear that the highest risk subsets of patients with non-Q 
wave MI are those who develop spontaneous angina ~ 24 hours after their 
index event, and those patients who have inducible ischemia during predis
charge stress testing. Intermediate risk groups would likely include the 
remainder of non-Q wave MI patients who have congestive heart failure, 
those who exhibit persistent ST segment depression on review of serial 
EeG's obtained during hospitalization for the acute non-Q wave MI (even in 
the absence of symptoms), and those patients with L VH. Non-Q wave MI 
patients without any of the above clinical or electrocardiographic abnor
malities would likely be considered low risk, and could be considered 
candidates for prophylactic secondary prevention with diltiazem (see below) 
together with close follow-up surveillance. 
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Medical management 

Effect of beta blockers on reinfarction 

The usefulness of long-term treatment with beta-adrenergic blocking agents 
has been evaluated in many large randomized clinical trials. Pooled data 
show that both mortality and recurrent infarction during follow-up are 
reduced by approximately 25% [35, 36]. None of these trials, however, was 
specifically designed to evaluate the subsets of patients with Q-wave and 
non-Q-wave infarction. 

It is noteworthy that in three of the beta-blocker trials, little or no benefit 
with treatment in patients with non-Q-wave infarction was found. The Beta
Blocker Heart Attack Trial, [37] for example, observed reduced mortality 
and a lower reinfarction rate with propranolol when compared with placebo 
in 2858 patients with Q-wave infarction, but showed no effect on either and 
point in 873 patients with non-Q-wave MI. Similarly, in the Metoprolol in 
Acute Myocardial Infarction Trial [38] investigators found no reduction in 
mortality or reinfarction among the non-Q-wave patients. By comparison, the 
Norwegian Timolol Trial [39] showed prolonged survival in timolol-treated 
patients regardless of infarct type; however, the incidence of reinfarction was 
reduced only in patients with Q-wave MI. 

Effect of calcium-channel blockers 

Diltiazem reinfarction study 
Changes in coronary vasomotor tone have been causally related to the 
prodromal syndrome of unstable angina pectoris leading to infarction, and 
such changes have been recognized as a potentially important etiological 
factor in acute myocardial infarction. Evidence has also suggested that 
vasomotor instability is common in the early postinfarction period and that 
reinfarction may result from primary changes in coronary smooth muscle 
tone, increased alpha-adrenergic activity, or the release of vasoactive sub
stances from aggregating platelets. Because of the potent spasmolytic and 
coronary vasodilating actions of calcium channel blockers, it is reasonable to 
expect that these drugs might be beneficial in patients with incomplete infarc
tions who are vulnerable to additional ischemic insult due to transient, 
potentially reversible, reductions in coronary blood flow. 

Currently, the Diltiazem Reinfarction Study (DRS) is the only study that 
has addressed the very specific problem of non-Q-wave infarction [40]. This 
trial, which recruited 576 patients between 1982-85 from nine medical 
centers in the USA and Canada, was designed to evaluate the effect of 
diltiazem (90 mg every 6 hours) versus placebo on the prevention of early 
recurrent infarction after non-Q-wave infarction Patients with non-Q-wave 
infarction were randomized to diltiazem (n = 287) or placebo (n = 289) 
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between 24 and 72 hours after onset of infarction and were followed for up 
to 14 days. The primary endpoint, reinfarction, was defined as an abnormal 
reelevation of MBCK within 14 days. Secondary endpoints included post
infarction angina of any severity and refractory angina, defined as ischemic 
pain necessitating withdrawal from the study. 

In the DRS, recurrent myocardial infarction was documented in 27 
patients on placebo (9.3%) and in 15 patients on diltiazem (5.2%) [40]. 
Analysis of the cumulative life-table reinfarction rate showed a reduction of 
51.2% (p < 0.029). DiItiazem also reduced the frequency of refractory 
postinfarction angina by 49.7% (p = 0.035) and the incidence of angina 
associated with transient ST-T wave changes by 28% (p = 0.005) [40]. Since 
the drug was safe and well tolerated, the authors of this multicenter study 
recommended prophylactic diltiazem as a valuable addition to the manage
ment of cases of non-Q-wave infarction. This certainly seems justified given 
the consistency of the reductions in the three prognostically important 
endpoints (i.e., reinfarction, angina refractory to medical therapy including 
intravenous nitroglycerin and angina associated with ST-T changes), and the 
fact that treatment with other drugs (e.g., beta-blockers, nifedipine or 
verapamil) is largely unproven in this subset of patients. 

Other studies of calcium channel blockers can not be directly compared to 
the Diltiazem Reinfarction Study since no distinction was made between 
Q-wave and non-Q-wave infarctions. However, when the results of these 
studies are reviewed, the published findings are generally disappointing. For 
example, none of six trials of nifedipine, comprising a total of 7766 patients, 
showed a salutary effect on infarct size, mortality of reinfarction, and two 
actually suggested an increased risk for infarction or death among patients 
assigned to receive nifedipine versus placebo, or other trial medications. 
Neither of the two verapamil studies showed either a beneficial or deleterious 
treatment effect. 

Multicenter diltiazem post-infarction trial 

Clearly diltiazem has been shown to reduce the frequency of in-hospital 
reinfarction and refractory angina after non-Q wave myocardial infarction, 
but its long-term effect on reinfarction or survival has not been established. 
In order to address the issue of potential long-term benefit we performed a 
detailed prespecified subset analysis of recurrent first cardiac events (cardiac 
death or non-fatal reinfarctions) on a cohort of 634 non-Q wave myocardial 
infarction patients randomized within 3-15 days to The Multicenter 
Diltiazem Post-Infarction Trial [41] of prophylactic diItiazem 240 mg/day (n 
= 296) vs placebo (n = 338) therapy. Patients were followed for an average 
of 25 months (range = 12 to 52 months) and outcome was analyzed by the 
intention to treat principle. 

Kaplan-Meier analysis showed a 43% reduction in the adjusted cumulative 
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1 year cardiac event rate (placebo = 15% [50/338] vs. diltiazem = 9% 
[251296]); (p = 0.0296) with a Cox hazard ratio (95% confidence interval) of 
0.64 (0.43-0.96) (Figure 8) [42]. There was an associated 30% reduction in 
total (all cause) mortality (placebo = 8% [28/338) vs. diltiazem 6% [181296]) 
with a Cox hazard ratio = 0.70; 0.43-1.13. Similarly, there was a cumulative 
38% reduction in cardiac mortality (plaebo = 7% [22/338) vs. diItiazem = 
4% [131296]) with a Cox hazard ratio = 0.62; 0.32-1.18. (Figure 8) The 
cumulative number of non-fatal reinfarctions at 6 months and 12 months was 
23 and 29 in the placebo group, respectively, compared to 6 and 13 in the 
diltiazem group. 

In addition to this main effect analysis, an interaction analysis was 
performed for a single prespecified covariate (the presence or absence of 
radiographic pulmonary congestion in the Coronary Care Unit) on outcome 
variables and treatment assignement on 612 patients who could be so 
dichotomized. For the 505 non-Q-wave infarction patients (80%) without 
pulmonary congestion, the adjusted 1 year rate of first cardiac events for 
placebo patients was 13% (34/362) compared to 6% (151243) for diltiazem
treated patients; Cox hazard ratio = 0.62 (0.39-1.00), P < 0.05. Total 
cardiac mortality rates in placebo vs. diltiazem patients were 8% vs. 4% 
(0.54; 0.29-0.98), p < 0.05, and 7% vs. 0% (0.40; 0.19-0.86), p < 0.05, 
representing a 46% and 60% reduction, respectively, in the diltiazem group 
(Figure 9) [42). 

In contrast, for the 107 patients with pulmonary congestion (20%), 1 year 
event rates for total and cardiac mortality in placebo vs. diltiazem patients 
were 10% vs. 21% (1.85%; 0.75-4.55) and 5% vs. 17% (2.11; 0.68-6.56) 
- and approximate 2-fold higher mortality in the diltiazem subgroup (Figure 
9) [42]. 
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Thus, diltiazem appeared effective in reducing the overall long-term 
cumulative first recurrent cardiac event rate after acute non-Q wave infarc
tion; diltiazem prophylaxis was especially beneficial in the 80% of non-Q
wave infarction patients without pulmonary congestion, but was detrimental 
in the 20% of patients with pulmonary congestion. 

Clinical implications 

Non-Q wave infarction develops in approximately one-third of all patients 
admitted to a coronary care unit because of acute myocardial infarction, and 
data from three large community-wide surveys, obtained from 59 hospitals in 
three different geographical locations, yields a similar prevalence [43-45]. 
Indeed, compared to a decade ago, it appears that the prevalence of non-Q 
wave infarction has significantly increased. 

Moreover, the pool of non-Q wave infarction patients may be expanding 
as a consequence of early intervention with thrombolytic therapy, which may 
abort an evolving Q-wave infarction and, as a consequence of improved 
myocardial salvage, may culminate in non-Q wave infarction. In support of 
this hypothesis is the preliminary data from the Thrombolysis in Myocardial 
Infarction Trial, in which the coronary perfusion status in patients with 
Q-wave was compared to those with non-Q wave infarction who presented 
initially with S-T segment elevation [46]. In the patients without initial Q 
waves (33%) had the persistence of non-Q wave infarction following success-
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ful coronary thrombolysis; moreover, in 14% of patients with initial Q waves 
prior to thrombolysis, subsequent Q waves disappeared after thrombolysis 
[46]. Thus, we hypothesize that 'reperfusion-induced' non-Q wave myocardial 
infarction may be an emerging subtype of infarction that may become 
increasingly more prevalent as the use of thrombolytic therapy becomes 
more universally available. 

Summary 

Since beta blockade has not been shown to be effective in non-Q wave 
infarction, and because dynamic changes in coronary vasomotor tone may 
playa role in the pathogenesis of non-Q wave infarction, and reinfarction, we 
believe that the data from the present study support the prophylactic use of 
diltiazem, in a dosage of 240 mg/day as used in this trial, in the majority of 
acute non-Q wave myocardial infarction patients. It appears that long-term 
outcome (both reinfarction and mortality) after acute non-Q wave infarction 
may be favorably altered by diltiazem prophylaxis in the 80% of patients 
without radiographic pulmonary congestion. Caution is advised, however, in 
the smaller subgroup of pateints with left ventricular dysfunction (20%) who 
may develop an increased cardiac event rate with diltiazem therapy. 
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22. Treatment of heart failure 
Impact on sudden death 

J. GUINDO, A BAYES DE LUNA, P. TORNER, J. BARTOLUCCI and 
R. ESTIARTE 

Heart failure is the final situation in the natural history of the majority of 
heart diseases. Once the first signs or symptoms appear the prognosis clearly 
worsens. 

In the Framingham Study 11] mortality at 4 years of having detected heart 
failure was 55% in men and 24% in women. However, it is necessary to point 
out that prognosis clearly depends on the first clinical manifestation of heart 
failure, as it is not the same when diagnosis is made from dyspnea with 
moderate effort plus a third sound or when the diagnosis is made following 
acute pulmonary edema. Prognosis is also modified by the basal disease 
leading to the heart failure (ischemic heart disease, valvular heart disease, 
cardiomyopathy, etc.). 

There is a clear relationship between heart failure and sudden death. 
Approximately 50% of the deaths in these patients are sudden 12-17]. The 
factors predicting poor prognosis in patients with heart failure (presence of 
third sound, pulmonary rales, functional state according to the NYHA, 
ejection fraction, presence of ventricular arrhythmias, etc) are discussed in 
other chapters of the book. In this chapter we point out that the existence of 
a vulnerable myocardium, in this case basically demonstrated by the poor 
ejection fraction and premature ventricular impulses intervene in the 
physiopathology of sudden death. Some modulating factors (alterations of the 
autonomous nervous system, ionic and/or metabolic alterations, physical or 
mental stress etc) are usually responsible for triggering the fatal event 118-
20] (Figure 1). 

Value of drug therapy in the survival of patients with heart failure 

Over recent years, many pharmacologic (inotropic, diuretic and vasodilator 
drugs) and non-pharmacologic approaches (aortic counter pulsation pump, 
heart transplant etc.) have appeared [21-31]. On continuation we are going 
to focus exclusively on the value of drug therapy in the survival of patients 
with heart failure, with particular regard to sudden death. 

A. Bayes de Luna et at. (eds.): Sudden Cardiac Death, 255-265. 
© 1991 Kluwer Academic Publishers, Dordrecht. 
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Figure 1. Physiopathology of malignant ventricular arrhythmias and sudden death in patients 
with dilated cardiomyopathy. PVC = premature ventricular contractions. 

Inotropic drugs 

Since the appearance of digoxine in the 18th century this drug has been one 
of the basic milestones in the treatment of heart failure. However, in recent 
years there has been much controversy over its efficacy in heart failure with 
sinus rhythm [32]. Although several studies [33-35] show that the use of 
digoxine is accompanied by a significative increase in the ejection fraction 
and a greater tolerance to exercise, there are several doubts about the 
beneficial influence in survival in patients with heart failure in sinus rhythm 
[21-3 2, 36]. It has even been shown that following acute myocardial infarc
tion, its administration is accompanied by a greater mortality [37]. This is 
believed to be due to a proarrhythmic effect, especially when associated to 
electrolytic alterations which frequently appear in these patients (diuretics, 
renal failure, etc.). 

MUltiple inotropic oral drugs have appeared in recent years but none have 
proven superior to digoxine, although in some circumstances they may be a 
therapeutic alternative [38-40]. 

Inhibitors of phosphodiesterase have recently appeared, and as well as 
having positive inotropic effect they have a certain vasodilator effect [39]. To 
date there are no prospective trials which have evaluated their effect on 
survival in patients with heart failure. The PROMISE [41] study is presently 
underway in the United States and Canada, the aim of which is to study 750 
patients with severe heart failure (class IV NYHA) refractory to conventional 
treatment with digitalic, diuretic and vasodilating drugs. Patients will be 
randomized to milrinone or placebo and will be followed up until death or 
until the study is considered finalized. 

Diuretic drugs 

Diuretic drugs are another milestone in the treatment of patients with heart 
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failure and are indispensable in patients with hydric retention [21-31]. 
However, when this does not exist, their administration carries a serie of 
potential risks (particularly electrolytic alterations and facilitation of 
arrhythmias) which hardly justify their routine use. The loop diuretics are 
those most commonly used in patients with congestive heart failure. In initial 
stages of the disease adequate control of the diuresis may be obtained with 
the intermitent use of less potent agents such as hydrochlorotiazide. 

Vasodilators 

Many studies over the last decade have described the utility of vasodilators in 
the treatment of patients with heart failure [42-57]. They were initially 
considered to be indicated when diuretic or inotropic treatment was insuf
ficient. However there is an increasing tendency to use these drugs earlier, to 
the point that we today believe they should be used as first line agents. The 
hemodynamic effect basically depends on their preferencial action upon the 
venous or arterial system. Within the venodilators, that most widely used in 
the chronic treatment of heart failure is isosorbide dinitrate [45-46]. The 
arterial vasodilators most commonly used are hydralazine [47] and the 
converting enzyme inhibitors (especially captopril and enalapril) [48-49]. 

Recent works clearly show that as well as improving the different hemody
namic parameters studied (cardiac output, ejection fraction, ventricular filling 
pressure, etc.) and the quality of life (e.g. exercise tolerance) of individuals 
with heart failure, vasodilators prolong survival [50-56]. 

In the Veterans Administration Cooperative Study [50] the efficacy of 
treatment with hydralazine (300 mg/day) associated with isosorbide dinitrate 
(160 mg/day) was compared with prazosin (20 mg/day) or placebo. A total 
of 642 patients with mild moderate heart failure (ejection fraction below 
30%) was studied. Mean follow-up was of 2.3 years (range 6 months-5.7 
years). During this period there were 120 deaths in the placebo group 
(44.0%), 91 in the group with prazosin (49.7%) and 72 in the group 
hydralazine + isosorbide dinitrate (38.7%). Of these deaths, 45% were 
sudden, although there were no differences between the three groups. As 
shown in Table 1 and Figure 2 the survival of patients treated with prazosin 
and placebo was similar, while the association of hydralazine and isosorbide 
dinitrate reduced mortality 38% in the first year, 25% in the second year and 
23% in 3 years. Over the total follow-up period the reduction of mortality in 
the group treated with hydralazine was statistically significant (p < 0.05). 
Nevertheless, accumulated mortality in the two years of follow-up decreased 
34% in respect to placebo (p < 0.028). 

Regarding the converting enzyme inhibitors of angiotensine, there is 
evidence that both enalapril [52] and captopril [56] reduce mortality in 
patients with congestive heart failure. The Cooperative North Scandinavian 
Enalapril Survival Study (CONSENSUS) [57] included 253 patients with 
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Table 1. Veterans administration. Cumulative mortality rates at each anniversary of random
ization in the placebo and hydralazine-isosorbide dinitrate (Hyd-Iso) groups (from Cohn et al. 
[50]). 

Year Alive at start Cumulative mortality Mortality reduction in 
Hyd-Iso group' 

Placebo Hyd-Iso Placebo Hyd-Iso 
N N % % (%) 

I 273 186 19.5 12.1 38 
2 201 147 34.3 25.6 25 
3 134 108 46.9 36.2 23 
4 82 70 53.6 49.7 7 
5 40 36 

a Based on life-table point estimate of mortality rates at the anniversary. Mortality-risk 
reductions that yielded an estimate of overall difference between survival curves up to the 
anniversary were 34% at two years and 36% at three years. 

grade IV NYHA congestive heart failure who were randomized into placebo 
(n = 126) or enalapril (n = 127), in addition to conventional treatment. The 
doses of enalapril oscilated between 2.5 and 40 mg/day. Mean follow up was 
188 days (range betweeen 1 day and 20 months). At 6 months total mortality 
was 44% in the placebo group and 26% in the enalapril group, meaning a 
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Figure 2. Veterans Administration Cooperative Study. Cumulative mortality from the time of 
randomization in the three treatment groups (From Cohn et at. [50)). 
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reducting of 40% (p < 0 .002) (Figure 3). After the first year mortality was 
52% in the placebo group and 36% in the group with enalapril (p = 0.001). 
At the end of the study a total of 118 patients had died, 68 in the placebo 
group and 50 in the enalapril group (reduction of 27%, p < 0.003). On 
analyzing the type of death (Table 2) it was seen that 28 patients (23%) died 
suddenly and 66 (56%) due to progression of the heart failure . There were 
no differences regarding the incidence of sudden death between the two 
groups. In conclusion, the CONSENSUS study shows that enalapril improves 
survival in grade IV NYHA congestive heart failure patients, although it does 
not modify the risk of sudden death. 

As regards Captopril, several studies [53-56] have shown its efficacy 
both in improving the hemodynamic parameters and symtoms of heart failure 
and also in prolonging survival. Along these lines, the initial works of Pfeffer 
et al. [53, 54] showed experimentally that in rats with heart failure secondary 
to myocardial infarction and treated with captopril, survival was signifi
catively prolonged in a follow-up of 1 year. The benefit of this drug appears 
to be particularly important in infarctions of a moderate size (involving 
between 30 and 45% of the circumference of the left ventricle). Newman et 
al. [56] have reaffirmed these results in the clinic. They studied 105 patients 
with moderate heart failure (mean ejection fraction 23%) who were 
randomized to captopril (n = 53) or placebo (n = 52). In a follow up of 90 
days there were 11 deaths in the placebo group (21 %) and only 2 in the 
group treated with captopril (4%) (p <0.01) (Table 3, Figure 4). Further-
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Figure 3. CONSENSUS. Cumulative probability of death in patients treated with placebo or 
enalapril (from CONSENSUS Trial Study Group 152!). 
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Table 2. Causes of death in CONSENSUS (from CONSENSUS Trial Study Group [52)). 

Cause Treatment group p-value 

Placebo Enalapril (Life-table analysis) 
(N= 126) (N= 127) 

Any cardiac death 64 44 0.001 
Cardiac death within 24 hours 
of new symptoms 19 20 >0.25 

Sudden cardiac death (within 1 
hour of new symptoms) 14 14 >0.25 

Progression of congestive heart 
failure 44 22 0.001 

Other cardiac death 1 2 
Stroke 2 

Other cardiovascular deaths' 2 4 

Noncardiovascular deatb 
(perforated ulcer) 0 1 

Total mortality 68 50 0.003 

a Includes deaths from renal-artery thrombosis, endocarditis, pulmonary emboli after leg 
amputation, bronchitis and concomitant heart failure, occlusion of femoral arterial graft, and 
heart failure in relation to melena (gastric ulcer). 

Table 3. Ninety-day mortality status by New York heart association score at entry (Newmann 
et al. [56)). 

Captopril Placebo 

Score Died Survived Died Survived 

lIs 0 1 0 2 
11m 1 19 2 18 
III 1 29 8 19 
IV 0 2 1 2 
Totals 2 51 11 41 

more, 8 of the 11 deaths in the placebo group were sudden, while in the 
group treated with captopril only one patient died suddenly (p < 0.05). 

Antiarrhythmic treatment 

It is evident that ventricular arrhythmias are risk marks in patients with heart 



Treatment of heart failure 261 

1.00---..--, 

(!)
ZGl :> iii 0.9 
-E >cc-:::).n 
1/)-

Z ~ 8 o a; O. 
-:E ,... . 
a: c: 
~-5. 
0'" cc ~ 0.7 
Q. 

0.6,,-,--_.-----._-,-_--,_-.-_,-----._--r_,.-_,--_.-----, 
o 7 14 21 28 35 42 49 56 63 70 77 84 91 

DAYS FROM INITIATION OF THERAPY 

Figure 4. Patient survival as a function of time in patient treated with captopril versus placebo 
(from Newman et al. [56!). 

failure, independent of the degree of severity [16-18, 58-62]. Converting 
enzyme inhibitors have proved to decrease the plasmatic concentration of 
catecholamines and increase the kaliemia [62] which, from a theoretical point 
of view, may have a certain beneficial effect on the arrhythmias of these 
patients. However, it presently seems that although vasodilator drugs prolong 
survival, this is probably due more to the improvement in heart failure than 
to a reduction in sudden death although in a short follow-up some decrease 
in sudden death has been demonstrated [561. Nevertheless, it is necessary to 
develop large scale trials in order to confirm the beneficial effects of convert
ing enzyme inhinitors in decreasing sudden death. 

It seems necessary to know whether antiarrhythmic treatment may 
improve survival of patients with congestive heart failure. Although in some 
studies results have been favourable [631, no benefits have been demon
strated in others [15 , 64-65]. It should be kept in mind that in these patients 
the antiarrhythmics are often poorly tolerated due to the fact that all present 
some degree of a negative inotropic effect, clearly limiting its use [66]. The 
risk of arrhythmogenesis is therefore much greater in these patients than in 
individuals with good ventricular function. This is due not only to the 
presence of a more vulnerable myocardium, but also because the heart 
failure implies metabolic and/ or ionic alterations of the autonomous nervous 
system which facilitate the arrhythmogenesis. On the other hand, the treat
ment used in these patients (especially digitalic and diuretic drugs) may alter 
these anomalies and interactions in the metabolism of antiarrhythmics, even 
further making them even most dangerous. Flecainide and disopiramide are 
the more dangerous antiarrhythmics due to their depressant effect on 
contractility. They should not be used in patients with a low ejection fraction . 



262 1. Guinda et at. 
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Figure 5. Algorhythm of Spanish Trial on Sudden Death (STSD). B Groups: acute myocardial 
infarction. 

As a matter of fact, flecainide has been withdrawn from the CAST study due 
to its arrhythmogenic effect [671. Propapenone also depresses left ventricular 
function and in some papers it has induced severe complications. In our 
opinion, amiodarone is the antiarrhythmic with low depressant effects. 

In an attempt to determine whether antiarrhythmic treatment with 
amiodarone may be beneficial in patients with depressed contractility follow
ing myocardial infarction, in the Spanish Study of Sudden Death (STSD) [681 
the patients with an ejection fraction below 20% and ventricular arrhythmias 
(group B 2.1, Figure 5) are randomized to captopril or captopril plus 
amiodarone. Due to the limited number of patients studied to date and the 
short follow-up time conclusive results are not yet available. Besides, with 
antiarrhythmic agents it will be necessary to carry out large scale trials to 
demonstrate whether an antiarrhythmic has beneficial or adverse effects. This 
is the conclusion of CAST in which flecainide has shown to be arrhythmog
enic in a large scale trial with postinfarction patients, but not in the pilot trial 
(CAPS). 
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23. Can sudden death be avoided by timely 
revascularization of obstructed coronary 
arteries? 

PAUL G. HUGENHOLTZ and J.R.T.C. ROELANDT 

Introduction 

The phenomenon of Sudden Cardiac Death (SCD) has interested physicians 
for many centuries [1]. Its clinical and morbid features were recognized and 
described by Leonardo da Vinci in the 15th century. In his monograph De 
Subitaneis Mortibus published in 1709, Lancisi reported on the multi
causality of the SCD syndrome, the influence of risk factors and the 
difficulties of identifying the patient who is at risk. Despite intensive clinical 
investigations into its prediction and many therapeutic trials on its preven
tion, the SCD syndrome remains one of the major challenges of contem
porary cardiology. It appears that further research and information on the 
clinical setting in which SCD occurs is needed and, more particularly, on its 
pathologic and electrophysiologic mechanisms for a better understanding of 
the nature of the syndrome and for establishing a basis for rational pre
ventive measures. Most studies have demonstrated that virtually all individ
uals who die suddenly have pre-existing pathology including coronary artery 
disease, forms of endstage heart disease, significant hypertension, cerebral 
disorders or chronic obstructive pulmonary disease. Patients who have 
suffered a myocardial infarction carry the highest risk. Of survivors of a 
transmural myocardial infarction, approximately 10% die within one year 
and about half of these die suddenly. However, the presence of a myocardial 
infarction alone does not define the highest risk group. Infarct survivors who 
have depressed left ventricular ejection fraction, frequent and/or complex 
premature ventricular complexes (PVCs), or a prolonged QT interval have a 
two to six times higher risk of sudden death when compared with survivors 
without these risk factors. Current information suggests a common pathophy
siologic process underlying both sudden and non-sudden death in such 
patients. The exact nature of this 'high risk' state continues to elude us 
although recent research into the presence of 'after-potentials' has suggested 
that this may be the common marker. 

Yet today, sudden cardiac death is no longer an unavoidable occurrence 
that strikes like an Act of God. The essential new message is that, although 

A. Bayes de Luna et al. (eds.): Sudden Cardiac Death, 267-284. 
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based on incomplete and often anecdotal evidence, the major efforts world
wide over the past 20 years to achieve adequate reperfusion of human 
myocardium immediately before, during or after an obstructive episode has 
occurred, now indicate that because of such revascularization efforts the 
occurrence of sudden cardiac death in carefully followed series has dramat
ically decreased. 

The purpose of this article is to discuss, on the basis of the available 
evidence, the current management of patients with coronary artery disease, 
which accounts for > 90% of all SCD, an approach which may eventually 
require a large-scale clinical trial to prove that unnecessary cardiac death can 
be avoided altogether, or at least reduced. The hypothesis underlying sudden 
cardiac death in the past three decades has usually been one of an electrical 
derangement of sufficient severity that a fatal cardiac arrhythmia would 
ensue. Thus efforts have largely been directed towards combatting such an 
arrhythmic episode, either in the prevention of their supposed precursors, or 
with long-term therapy aimed at avoiding cardiac arrhythmias altogether or 
by increasing the threshold to ventricular fibrillation, which was usually the 
presumed mechanism. 

Evidence from multiple trials, however, has shown that even with the most 
efficacious anti-arrhythmic agents, capable of suppressing ventricular ar
rhythmias of all types, the occurrence and incidence of subsequent cardiac 
death was not decreased. Also trials with anti-ischemic drug therapy have so 
far failed to make a major impact, although beta-blockers have led to a 
decrease in some series. 

On the other hand, from observations on surgically revascularized patients 
with procedures which have become widespread, such as coronary artery 
bypass grafting (CABG), percutaneous transluminal coronary angioplasty 
(PTCA), or dissolution of coronary artery thrombi by thrombolytic therapy 
(LYSIS), it has become evident that the observation of sudden cardiac death 
has markedly decreased. 

Toward rational prophylactic therapy 

If one takes the position that sudden cardiac death is a definition applicable 
to people dying within one hour, and one accepts the general evidence that 
20% of these show asystole versus 80% ventricular fibrillation or other 
tachycardia, the essence of the approach lies in whether one believes in anti
arrhythmic therapy only or supports the thesis that a myocardial ischemic 
episode actually has preceded the ultimate fatal arrhythmia in up to 80% of 
all cases. 

From the autopsy evidence carefully collected by Davies et al. [2-4], in 
cases of sudden death, confirming the earlier work of Falk [5, 6] and 
supported by von Dantzig and Becker [7], acute myocardial ischemia is 
usually the sequel to sudden plaque fissure and rupture, which, in turn with 
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superimposed mural thrombus formation leads to sudden and complete 
vascular obstruction. Indeed, in nearly 70% of cases of sudden cardiac death, 
the underlying coronary pathology is one of plaque rupture and rapid platelet 
aggregation as demonstrated in Figure 1 [8-10]. 

If this underlying concept is accepted as being the real dominant mecha
nism, with the fatal cardiac arrhythmia only as its consequence, rational 
prophylactic therapy would have to include anti-aggregating substances (say 
aspirin) and mechanical (say PTCA or CABG) or pharmacological (say 
Lysis) measures as means of revascularization. Nowhere is this more clearly 
demonstrated than in the studies by Lewis et al. [11] and by Cairns et al. [12] 
who observed a marked decrease in sudden death rates in patients given 
aspirin after survival from their initial unstable angina episode. Equally, a 
subset in ISIS-II testifies to this concept [13]. Secondly, if established 
ischemia is the cause of the fatal arrhythmia, one might expect beta blockade 
to be useful. These compounds have, in fact, been demonstrated to play a 
beneficial role in sudden cardiac death, either by slowing cardiac frequency 
or by dampening the circadian rhythm with a reduction in early morning 
sudden cardiac deaths. This has been seen after administration of timolol 
[14], propranolol [IS], atenolol [16], and similar non ISA compounds [17]. 
Furthermore, independently of the heart rate effect, beta blockers blunt the 
response of the heart to exercise or stress. This antiischemic protective action 
has been held responsible for the reduced occurrence of sudden death in the 
ISIS I study [16] (where a 15% reduction in initial vascular mortality was 
observed with atenolol, a benefit seen almost entirely during days 0 to 1 with 
a 30% reduction in mortality during that period). Another explanation of that 
beneficial action has been ascribed to a reduced occurrence of cardiac 
rupture [17]. In the MIAMI metoprolol trial a similar reduction in these 
different modes of death was seen [18]. 

"INJURY" ULCERATION 

embol ization plaque rupture 

" rapid / platelet aggregation 

ISUDDEN DEATH I 

spontaneous lysis 

gradual 
occlusive thrombus 

IMYOCARDIAL INFARCTION I 

Figure 1. The ulceration-thrombosis cycle of coronary disease 
(Modified after Falk, Davies, Forrester). 
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Indeed Fitzgerald [19], in reviewing these data, has argued: 'Patients dying 
of sudden ischemic cardiac death are now believed to have characteristic 
pathological abnormalities in their coronary vessels. Such patients have acute 
coronary arterial lesions characterized by: (1) plaque fissure, (2) intra intimal 
thrombus, and (3) intraluminal thrombosis. It is postulated that the throm
botic process is triggered by the fissuring of rupture of an atherosclerotic 
plaque with varying amounts of thrombus formation acompanied by micro
emboli distal to the affected segment [2-10]. The clinical sequelae will 
depend upon the resultant of a number of factors including, the degree of 
fixed stenosis in relation to the ruptured plaque, the degree of endogenous 
fibrinolytic acivity, the responsiveness of the coagulation cascade to throm
bogenic stimulus, the extent of concomitant coronary arterial disease and the 
degree of previous ischemic damage to the ventricle. A frequent outcome 
would be transmural infarction secondary to a large intraluminal thrombus. 
The immediate events preceding plaque rupture are not known but they must 
relate to events that will destabilize the plaque within the vessel associated 
with alterations in the conformation of the heart during the cardiac cycle and 
the 'activity' of the cellular processes associated with plaque progression.' He 
also asked: 'If sudden death or myocardial infarction is preceded by plaque 
rupture and both these are reduced by long term beta blockade, then how 
might beta blockers reduce the incidence of plaque fissure/rupture in 
coronary vessels?' 

He continues: 'It is proposed that beta blockade attenuates or postpones 
plaque rupture by reducing the net wall strain associated with each cardiac 
cycle and also reduces peak wall strain associated with emotion and strenu
ous physical activity. A coronary vessel may be subjected to differing stresses 
including bending, torsional, circumferential as well as shear forces. Stress as 
an expression of force exerted per unit area and strain, within a vessel, is the 
extension of the segment per unit length, this being proportional to the 
tension. A normal vessel has visco-elastic properties and as these are 
uniformly distributed around the circumference of the vessel, then shear 
stress will not arise. If there is inhomogeneity of the elastic properties around 
the circumference of the vessel due to pathological changes, such as eccentric 
atheromatous lesions, then tension applied to the segment may result in 
inequalities in force per unit area [10]. Lesions in coronary vessels tend to be 
distributed along regions of low wall shear which occur in that part of the 
coronary vessel in close contact with the myocardial wall [4, 9]. This 
eccentric distribution of coronary atheromatous lesions is well established 
from histopathological studies [10]. The atherosclerotic vessel, being tethered 
to the wall of the contracting ventricle, undergoes cyclic compression and 
expansion stress. Eccentric subintimal lesions will rupture when the resultant 
between progressive deterioration of the plaque and concomitant mechanical 
strain leads to plaque destabilization.' In fact, Davies has found that the 
majority of plaque fissures occur there where the plaque inserts into the 
normal coronary vascular wall [2-4]. 'Prolonged beta blockade reduces both 
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peak strain and total strain per 24 hour because the heart rate is chronically 
reduced and the maximal strain associated with systolic contraction is 
attenuated because peak systolic pressure is reduced. 

This hypothesis is termed 'gating hypothesis' [19], gating being an 
engineering term used to describe a mechanism that prevents a mechanical 
engine exceeding a certain work performance. If gating reduces wall strain 
then it could also reduce plaque rupture and hence both sudden death and 
myocardial reinfarction. Some evidence to support the gating hypothesis 
comes from the retrospective analysis of the relationship between heart rate 
reduction and cardiac mortality in the Norwegian Timolol Multicenter study 
[14]. In this trial, 945 patients were treated with the beta blocker and 939 
received placebo. Timolol (10 mg bd) was started between days 7 and 28 
and the mean treatment period was 17 months. Logistic regression analysis 
showed that resting heart rate, measured one month after treatment, was the 
predictive variable determining the clinical outcome. A more extensive 
analysis by Kjeksjus [201 suggests that there is a good correlation between the 
reduction in heart rate and the reduction in mortality and infarction in 
several studies (Figure 2). This author again speculates that the mechanism 
may be related to the metabolic protection or antiischemic mechanisms of 
beta blockers. Such an explanation would fit easily into the current under
standing of the pathology of sudden death and reinfarction as described by 
Falk and Davies [2-6]. 'Whilst beta blockers might account for amelioration 
of some of the downstream ischemia secondary to thrombosis and platelet 

50 

45 
o'P 

>-
40 -

I1l 35 .... 
~ 

0 30 
E 
c 25 

c 20 
.2 .... 
u 15 
:J 

"0 
Q) 10 a::: 

5 

• alpreno!ol 

• timolo! 

• metopro!ol 

• propranolol 

• propranolol 

• practolol 

• sotalo! 

• oxpreno!ol 

2 4 6 8 10 12 14 16 18 20 
- 1 

Reduction in hea rt rate (m in ) 

Figure 2. Correlation between reduction in heart rate and the reduction in mortality (Kjekshus 
1201). 



272 P. G. Hugenholtz & 1. R. T. C. Roelandt 

embolization, it is suggested that a more probable explanation which takes all 
the clinical findings into account is prevention or, more probably postpone
ment of rupture of an unstable plaque. A further facet of this hypothesis is 
that prolonged beta blockade might buy time for the plaque to become stable 
if the cellular mechanisms leading to plaque instability are self-limiting.' 

'On the other hand, the gating hypothesis might also explain why beta 
blockers with partial agonist properties appear to be less effective since they 
will have less effect in reducing the net wall strain per 24 hours because they 
do not reduce heart rate so effectively. A similar explanation might explain 
why calcium antagonists appear to be less effective. One of the major 
differences between beta blockers and calcium antagonists is that the latter 
cause little change in resting and exercise heart rate and neither do they 
reduce ventricular contractility at the doses used clinically. Additionally the 
vasodilator action of calcium antagonists may enhance sympathetic reflexes, 
including tachycardia, whose cardiac actions will not be opposed in the 
absence of beta blockade.' 

These opinions are entirely consistent with those expressed in an earlier 
editorial by several experts on Ca2+ antagonists [21]. 

Thus, as is also argued by Clusin [22]: 'A general strategy for prophylaxis 
against sudden death can be discerned. To be effective, prophylactic therapy 
must diminish the electrophysiological consequences of acute ischemia and 
must be directed at the large number of patients at risk for ischemia and not 
at patients with a history of non-fatal arrhythmias. Measures with the clearest 
efficacy in alleviating ischemia have in common their ability to reduce the 
influx and accumulation of calcium within the myocardial cell. Anti-ischemic 
efficacy may correlate directly with the ability of a drug to prevent calcium 
overload during (temporary, ED) coronary artery occlusion. However it is 
important to remember that there are many different pathways for calcium 
handling within the cells and that the ability of a drug to exert calcium 
dependent protective effects cannot be equated with effects of the drug on 
calcium ion channels.' 

Clusin goes on to argue that: 'Several observations suggest that calcium 
channel blockers also exert at least some protective effect in man, in 
particular, diltiazem [22, 23]. However, in large scale trials, a beneficial effect 
of calcium channel blockers on sudden death has not been demonstrated. In 
particular with nifedipine, a drug which has been most extensively studied, if 
anything a slight excess in mortality has occurred in the nifedipine treated 
group [21].' Indeed, recent evident with the SPRINT I, SPRINT II (both with 
nifedipine) and MDPIT (diltiazem) trials have not shown a beneficial overall 
action of either drug. The reasons for the apparent non-efficacy of these 
compounds to influence sudden cardiac death occurrence in contrast to beta 
blockers must be ascribed in large measure to the gating hypothesis alluded 
to earlier by Fitzgerald [19], despite the theoretical advantage of blocking the 
excess calcium influx in ischemic tissues. 

Thus as far as pharmacological therapy is concerned at present, we are 
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forced to conclude that anti-arrhythmic therapy as a general strategy is not 
efficacious (except in a few isolated instances where drug responsiveness has 
been demonstrated), nor is therapy with calcium antagonists (with the 
exception of diltiazem in the retrospective analysis of a subset of the MDPIT 
data). Only aspirin, and to a lesser extent beta blockade, has proven to 
reduce the cardiovascular mortality by a modest 15-20%. Yet the concept 
stays alive. 

Much more enticing therefore is to follow the logic of complete revas
cularization of the coronary artery system on the hypothesis that the reduc
tion of the ischemic episodes can only be achieved by a proper restoration of 
the vascular supply. Indeed from the European Coronary Surgery Study 
(ECSS) [241 as well as from the non-randomized part of the Coronary Artery 
Surgery Study registry (CASS) [251, it appears that the survival benefit of 
early surgery is nearly entirely due to its ability to prevent cardiac death, 
either non-sudden or sudden. As shown in Figure 3, in the ECSS there was a 
marked reduction of sudden cardiac death over the 8-year follow-up period 
that entailed this study design. As this study included men aged under 65 
with angina pectoris of more than 3 months duration, a 50% or greater 
intraluminal diameter narrowing in at least two major coronary arteries, and 
good left ventricular function with an ejection fraction of 50% or more, the 

NON-F'ArAl WI NON-SUDDEN CARDIAC DEATH 
'O~~--~--~~--~~-----

· : ' • • ~GSI 
.0 . ... . ~ . . .. . : .. . . + .... : ...... : .. ... : ...... : .... . ..... _ ..... : ..... .;. ..... ; ..... . · . . . · . . . . . . · . . . . . . · . . . . . . · ... . so ······~ .. · .. ~ · .. ··'f .... ·1 ...... ~· .... 1" .... ! · .. ·· ••...• : •.... '1 ..•. .. :- ..... ~ ..... . · . . . · . . . · .. · . . . . . . · .. . . ... . 

20 ·····7·····:·····~····· ~ ······ 20 . . . . . ~ ... . . ; ..... + ..... : ...... ~ ..... ~ ...... : .... . 
: : : ~. : :':::: 

10 .. ~j?~"':.;:::t .. ~111 10 .... ·t ..... :L·J~·~ ·~~·~ ·~ ·.:~ ·.;·.;·~-.;·.; · • 
"..... I..,..t::· ,-.-.-.-~-~-•• 0 ,. iii; Q . ..--.:r -- , i , , , I 
0123., 0123'S." 

• !!!~J~L. _Ql~R31 

NON-rATA.L "'lOR CARDIAC DUTH SUDDEN CARDIAC DEATH 

· .. .0 ..... ..:. ..... : ..... ~ ..... ! ...... : ..... ~ ...... ; .... . · . . . . . · . . . . . 
• • • • • I • · . . . . . . so ...... : ..... ! ...... : ..... ~ ...... : ..... : ...... : . ... . 
· . . . . . . · . . . . . · . . . . . . 

20 .... ·T .... ·~ ...... r .... ·~ ...... ~· .... ~ ...... ~ · .. · 
· . . .. . , . . . . . 

to · .. · .. ~·· .. ··!· .... ·;· .... ·~ ...... >··~ ·:i::~·~ ·. ·.;·~ · • 
• . . ••• _ "T • 

O .... ,_-t:.;t .. - ------T1 
, I I , I I I 
o I 2 3 • ~ • 1 • 

YEARS 

Figure 3. Non-fatal MI and cardiac death (Yarnauskas, ECSS [24]). 



274 P. G. Hugenholtz & 1. R. T C. Roelandt 

results imply that coronary bypass surgery should be considered - in 
particular when there are ischemic abnormalities in the resting ECG, or 
marked ST -segment depression during exercise testing. Also in the CASS 
study, where the effect of medical versus surgical treatment on subsequent 
sudden cardiac death was assessed in 13,467 patients in the CASS registry, it 
was observed that cardiac death occurred in 452 (3.4%) of patients during a 
mean follow-up of 4.6 years. Of these sudden deaths occurred in 257 (4.9%) 
of 5258 medically treated but in only 101 (1.6%) of 6250 surgically treated 
patients. In a high risk patient subset with 3-vessel disease and a history of 
congestive heart failure 91% of surgically treated patients did survive com
pared to 69% of pharmacologically treated patients. After Cox's analysis was 
employed to correct for baseline variables, it was found that surgical treat
ment had an independent effect on sudden death p < 0.0001 [25]. In a later 
analysis of 13,476 patients with angiographically prove CAD, 323 cases of 
sudden death were found among 6260 patients receiving medical (i.e. drug) 
therapy - 5.2% over 5 years. The corresponding number for those treated 
surgically was 129 of 7216 just (1.8%), giving a highly significant difference 
ofp < 0.001 [26] (Figure 4). 
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Figure 4. Patients with history of CHF (Holmes [25]). 

The 'high risk' state 

In this conceptual paragraph the hypothesis is argued that there must be a 
'high risk state'. Here, the fact that ischemic heart disease exists can be 
defined as an 'ischemic' risk. Similarly, a 'mechanical' risk exists in all other 
forms of heart disease with impaired left ventricular function. Finally, an 
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'electrical' risk occurs when the primary instability is in the conduction 
system. These three different high risk states by themselves already call for a 
different approach, which also applies to the various precipitating events that 
might occur against the background of the three basic different elements 
constituting the 'high risk state' of the substrate. 

In coronary heart disease the 'ischemic risk' is the dominant feature. A 
further precipitating event such as an increase in the extent of the arterial 
occlusion, for example when thrombosis becomes complete after plaque 
rupture, will make a hitherto ischemic myocardium into infarcted myocardium. 
Subsequent ventricular fibrillation on an ischemic basis will then lead to 
sudden death. Conversely in a normally perfused heart with an 'electrical 
risk', such as occurs in patients with repeated ventricular tachycardia or 
ventricular fibrillation triggered by a nonspecific and ubiquitous PVC sudden 
death may not follow. Thus, the latter condition requires a completely 
different therapeutic approach. In Table 2 the various precipitating events 
are further delineated with their recommended intervention(s). 

An integral approach can now be proposed. We would like to conclude 
that recent onset stable as well as the varying forms of unstable angina 
pectoris or prior myocardial infarction, when complicated by left ventricular 
dysfunction and complex PYCs, or prolongation of the QT interval always 
contain an increased risk of SCD. Their combination constitutes truly, thc 
'high risk state'. The ubiquitous PVC is now only a partial indicator of 
increased risk for sudden death. Although ambulatory electrocardiography 
appears to offer a versatile means for demonstrating their presence, as may 
the detection of after-potentials, exercise testing at discharge would at 
present appear to be the best test and, therefore mandatory for all patients 
with an antecedent history of whatever form of coronary artery disease. It 

Table I. Profile of sudden cardiac death (from Oliver [40j). 

Factors more associated with sudden cardiac death than acute myocardial infaction 

Relative youth 
Physical inactivity 
Excessive cigarette smoking 
Ventricular premature heats 
Sustained tachycardia 
QRS conduction defects 
Cardiomegaly 
Triple-vessel disease 

Factors equally associated with sudden cardiac death and acute myocardial infarction 

Hypercholesterolemia 
Hypertension 
Diahetes mellitus 
Ohesity 
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Table 2. Precipitating events leading to sudden cardiac death and possible intervention. 

Event 

Neurophysiologic factors 
Platelet agglutination 
Coronary vasospasm 
Rupture of atheroma 
Metabolic desequilibrium 
Electrolyte abnormalities 
Electrical disarray 
Increased oxygen demand 
Combination of above 

(Roelandt & Hugenholtz [Ii). 

Intervention 

Exercise, attitude manipulation 
Platelet active drugs, aspirin, lysis 
Calcium antagonists 
Manipulation of HDL/LDH transport, beta-blocker 
Diet, ionic supplements 
Diet, pure diuretics 
Pacemaker, antiarrhythmic agents 
Beta-blockers 
PTCA or CABG ('reperfuse') combined therapy 

Table 3. Comparison of incidences of sudden cardiac, non sudden cardiac, and noncardiac 
death in 13,476 medically and surgically treated patients. 

Group 

Medical 

n % 

Sudden death 323 5.2 
Nonsudden cardiac death 598 9.6 
Noncardiac death 122 1.9 
Alive at last follow-up 

~ 5 yr 2709 43.3 
> 5 yr 2508 40.i 

Total 6260 

(Holmes elal. [25]). 

Table 4. Beta-blocker therapy 1985-1987. 

Number Drugs 

Surgical Total 

n 

129 
380 
173 

3054 
3480 

7216 

% n % 

1.8 452 3.4 
5.3 978 7.3 
2.4 295 2.2 

42.3 5763 42.8 
48.2 5988 44.4 

13476 

Cardiac events Diastolic pressure 
(mmHg) 

MRC trial (P 1) 17354 Propranolol bendrofluaride No reduction 98 
Elderley (60-79) 855 Atenolol ± diuretic No difference 99.7 
IPPSH (PI) 6357 Oxprenolol ± No reduction 108 

other drugs 
HAPPY 6569 Atenolol/metoproloi No difference 107 

vs. diuretic 

(Fitzgerald 1987 [191). 
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will remain a matter of extensive debate to what extent the complex PVCs 
represent an independent risk factor particularly when the extent of left 
ventricular dysfunction is minimal. This opinion is further supported by 
Hammermeister et al. [27] who used a detailed statistical analysis in 733 
medically treated and 1870 surgically treated patients with coronary artery 
disease in order to identify the variables most predictive of survival. Of 46 
variables, again the left ventricular ejection fraction was most predictive of 
survival in the medically treated patients, followed by age, degree of coronary 
artery disease and presence or absence on the ST segment depression on the 
ECG. Unfortunately they did not use exercise testing as advocated and 
practiced by us. This would, in our view, have facilitated the stratification 
process. For the surgically treated patients, the absence of PVCs proved to 
be the best further predictor of non-sudden death. Also, as is evident from all 
the cited literature, when exercise is neither feasible nor practiced, the resting 
LV ejection fraction supersedes PVCs in its predictive capacity. In the setting 
of depressed LV function, however, PVCs retain their significance [1, 
28-32]. 

The value of exercise testing 

In fact, these findings led us to investigate our own patients in detail with 
systematic exercise testing just prior to discharge after surviving their 
infarction [28]. We summarized this recently as follows: 'The relative merits 
of resting ejection fraction measured by radionuclide angiography and 
predischarge exercise stress testing were compared for predicting prognosis 
in hospital survivors of myocardial infarction. Two hundred and fourteen 
survivors of myocardial infarction out of 338 consecutive patients with acute 
myocardial infarction were studied over a 14 month period. Hospital 
mortality was 13% (45 of 338) whereas 19 additional patients out of 214 
died in the subsequent year (9%). High, intermediate and low risk groups 
could be identified by resting left ventricular ejection fraction measurement. 
Mortality was 33% for nine patients with an ejection fraction less than 20%, 
19% for 58 patients with an ejection fraction between 20 and 39%, and 3% 
for 147 patients with ejection fraction higher than 40%. Mortality was high 
(23%) in 47 patients who were unable to perform the stress test because of 
heart failure or other limitations. The patients could be stratified further into 
intermediate and low risk groups according to the increase in systolic blood 
pressure during exercise: six deaths occurred in 46 patients with a blood 
pressure increase of ~ 30 mmHg while only two deaths occurred in 121 
patients with an increase of ~ 30 mmHg. Maximum workload, angina, ST 
segment changes, and ventricular arrhythmias were less predictive than were 
blood pressure changes. It was concluded that the prognostic value of 
radionuclide angiography at rest and of symptom limited exercise testing is 
similar. The latter investigation should be the method of choice since it 
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provides more specific information for patient management and is the 
cheaper test to execute. 

Patients with prolonged Q-T interval 

The relationship of a prolonged Q-T interval to SCD is well established in 
several clinical settings including the primary (idiopathic) types. Secondary 
types can be associated with coronary artery disease or may be drug-induced 
of which antiarrhythmic agents lead the list. In a group of myocardial 
infarction survivors, the incidence of a prolonged Q-T interval was 18%. Of 
all sudden deaths during the first 1 + years, 57% occurred in the myocardial 
infarction survivors, and their risk was twice that of patients with a normal 
Q-T interval [29]. The interpretation of these data is somewhat confounded 
by the fact that some patients received antiarrhythmic drugs. Nonetheless, the 
statistical relevance of the prolonged QT interval as a predictor of sudden 
death seems a valid one, albeit often difficult to detect in practice. 

Patients with exercise-induced ventricular arrhythmias 

The general relationship between the presence of coronary artery disease and 
exercise induced ventricular ectopy has been recognized for many years. The 
fact that increases in sympathetic neural tone may provoke PYCs even in 
structurally 'normal' hearts, has been demonstrated, yet complex arrhythmias 
are more frequently documented during 24-hour ambulatory monitoring as 
compared to exercise testing [30]. A small subset of malignant ventricular 
arrhythmias can be provoked only by exercise testing. Thus, exercise testing 
may complement ambulatory monitoring as was shown by Ivanova et al. [31]. 

Management steps in avoidance of SeD 

Thus, in terms of therapy and in keeping with Goldstein [32], we would 
recommend that the following steps be undertaken to reduce unnecessary 
(sudden) deaths after myocardial infarction. 

General measures 

Reduction in weight to ± 10% of ideal, sufficient energetic and regular 
exercise as is commensurate with age and personality, complete cessation of 
all forms of smoking and reduction of total fat and the fraction of animal fats 
in the diet to the extent that serum cholesterol remains below 220 mg% with 
a favourable HDL/LDL fraction. These are the recommendations made by 



Can sudden death be avoided by therapy? 279 

the WHO Task Force in 1983, concepts which we recommend to our 
patients upon discharge after acute myocardial infarction. Their modification 
was shown in a recent Finnish study to reduce SCD [331 (Figure 6). 

Reduction of 'electrical risk' 

Extensive short and long term trials with a wide range of antiarrhythmic 
agents, while demonstrating significant reductions in PVCs as well as in more 
severe forms of ventricular arrhythmia, have failed to reduce the incidence of 
sudden death. Accordingly we would limit the use of such modern agents as 
mexiletine, flecainide, sotalol, amiodarone and propafenone (to name but a 
few of the more effective ones) to those patients in whom the high electrical 
risk has been verified by electro-physiological testing and in whom the 
efficacy of the specific drug in suppressing induced ventricular arrhythmias 
has been proved. In certain specific cases, implantable devices, such as 
programmable pacemakers and defibrillators, can be considered. They are 
very promising in carefully selected circumstances and may ultimately well 
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prove more effective in these relatively rare numbers of patients than drugs. 
General treatment of all patients will PVCs is certainly not indicated. 

Reduction of 'mechanical risk' 

Generally little is to be offered to those who have severely impaired 
mechanical function of the heart. Primarily correctable lesions such as 
valvular insufficiency, aneurysm, etc., present themselves logically for surgical 
therapy. For the remainder with very poor ejection fractions, little can be 
offered other than eventually cardiac transplantation, which currently is 
enjoying a second vogue. Even so, one year survival rates of 80% declining 
to 70% over 5 years are a considerable step forward compare with the 
natural history which would indicate death within a few months. Even 
temporary mechanical devices now appear on the horizon. For the interim, 
such patients should be treated with vasodilating agents, whose efficacy is, at 
best, short term and for which no long term results have yet been reported. 

Reduction of'ischemic risk' 

This is the category where currently most hope can be offered. Of course, it 
depends on the extent to which the myocardium has previously been 
damaged and the size of the area under ischemic risk. The approaches 
separate themselves into three categories: reperfusion of the ischemic heart, 
protection against subsequent ischemic episodes, and avoidance of sub
sequent coronary obstruction. 

Reperfusion of ischemic heart: of the three approaches against further 
ischemic risk, the most appealing is that of reperfusion with O2 rich blood. 
After all, that is what the myocardial cell needs most to survive. Reperfusion 
can be achieved, classically by CABG, but recently it has been proved that 
the combination of intravenous and intracoronary administration of strepto
kinase (or other thrombolytic agents) followed by balloon dilatation of the 
underlying atheromatous lesion can reduce mortality after acute myocardial 
infarction by reperfusion of the infarct related vessel [34, 351. The same 
message follows from CABG with or without a previous acute event from the 
data from the CASS and ECSS studies earlier alluded to. Our own experi
ence in Rotterdam has shown an annual mortality of only 1 % over 10 years 
following CABG, which by itself carried an operative mortality of approxi
mately 1% [361. Since 50% of the 1041 patients reported in that study had a 
previous infarction, these non-randomized data show, like those from other 
centers, that timely reperfusion by whatever route will reduce unnecessary 
(sudden) death. Certainly, when 'ischemic risk' is evident and the patient's 
coronary anatomy allows this type of intervention, this is the route to follow. 
Similar non-randomized data are now becoming available in follow-up 
studies after PTCA. 
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Protection against subsequent ischemic episodes, other than by reperfu
sion, can be carried out by several pharmacological approaches. These are 
indicated when the 'ischemic risk' is less or not obviously evident and yet the 
suspicion of future ischemic episodes remains. Here, the best evidence has 
been supplied by the beta-blockade trials (propranolol, timolol, metoprolol, 
atenolol) probably via the earlier discussed gating hypothesis. These should 
be given early after the survival of myocardial infarction to avoid a second 
episode. Such therapy would exclude those who have had an uncomplicated 
recovery after myocardial infarction (that is to say no complications of any 
kind, such as no arrhythmia, no signs of failure and no angina upon reactiva
tion), as well as those with contraindications (hypotension, A V-block, 
bronchial asthma, etc.) and leave this therapy to those in whom ischemia is 
suspected in the near future although perhaps not evident at the time of 
discharge. This leaves beta-blockade for a relatively small group indeed, but 
at least for one in which the physician suspects, but cannot yet prove, a 
subsequent event (Figure 5). The same line of reasoning applies to calcium 
antagonists, the major benefit of which is to increase coronary blood flow by 
reducing vascular resistance in the coronary system in particular and in the 
arterial system in general, whilst also reducing cardiac oxygen consumption. 
Here, nifedipine, particularly in combination with a beta-blocker such as 
propranolol or acebutolol, has proved to be of particular benefit [37-39], 
against subsequent ischemic episodes although long term efficacy in terms of 
reduction in SCD is lacking. 

It is clear that large scale investigations with combination therapy of 
calcium blockers and beta-blocker, to prove reduced post-myocardial infarc
tion and eventually SCD, have yet to be carried out. 

A voidance of subsequent coronary obstruction 

Since the mechanism of subsequent 'ischemic', 'mechanical' or 'electrical' 
instability is most likely related to new obstruction in a suspected semi
obstructed artery, or more likely yet, in a hitherto unsuspected or undetected 
vessel or capillary bed, any approach which could stop subsequent arterial or 
capillary thrombosis would seem more ideal. Since anticoagulants of the 
classical types have yet to be shown to have a real prophylactic value, 
attention has been devoted to anti-aggregatory agents of which aspirin in the 
latest large studies [11-13] has shown much more promise than had earlier 
trials with the same agent. 

Summary 

In conclusion it would seem that no method at present can predictably detect 
every individual at increased risk after myocardial infarction. However, a 
stratification procedure can be followed which should allow proper pro-
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phylactic therapy for most individual patients who manifest themselves to the 
medical community, be it after stable or unstable angina pectoris or after 
myocardial infarction. As Oliver has pointed out already in 1981, the time 
has long ceased that we can proceed with therapy in a random fashion [40]. 
The moment is here to use the proper stratification scheme with the specific 
therapy for the specific problem [28]. Of all the current options, those which 
properly restore coronary blood supply (CABG [25], PTCA [35] and timely 
Lysis [13, 34]) at present offer the best chance of a good outcome, supported 
by agents which reduce (re)ocC\usion [11-131 and reduce the net wall strain 
on the heart [16-20]. 
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24. Sudden cardiac death: A multifactorial problem 

REIN J. J. WELLENS and PEDRO BRUGADA 

Introduction 

In the USA 400,000 people die suddenly each year or one person every 
minute! In an important number of them, the sudden demise is the first 
presentation of cardiovascular disease. Although, as discussed by Roberts [1], 
many different causes can lead to sudden death; in the majority of victims, 
coronary artery disease is the culprit. In this article we will therefore 
concentrate on the role of coronary artery disease and its consequences. 

What do we know about sudden cardiac death in 1989 and what can we 
possibly do to prevent this dramatic and unwanted event from occurring? 

Recognition of high risk groups 

Although (as shown in Table 1) sudden death can be the first manifestation 
of coronary disease, sudden death victims are frequently known as cardiac 
patients [2-4]. They should be the group of patients therefore to whom our 
efforts should be primarily directed especially because in recent years it has 
become clear that among these patients, risk stratification in predicting those 
who may die suddenly is possible. 

Table 1. Background of patients with sudden cardiac death and possibility of identifying high 
risk patients. 

1. Not preceded by symptoms 
2. Short-lasting premonitory symptoms (hours to weeks, 

specific, unspecific) 
3. Longer lasting angina pectoris 
4. Myocardial infarction survivor 

A. Bay~s de Luna et aI. (eds.): Sudden Cardiac Death, 285-296. 
© 1991 K1uwer Academic Publishers, Dordrecht. 

Incidence 

45% 
20% 

15% 
20% 

Recognition 

not possible 
partially 

possible 
possible 
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The patient with known coronary artery disease 

The literature on sudden death in the patient with coronary artery disease 
points to the importance of myocardial ischemia, left ventricular function, 
and ventricular arrhythmias. As shown in Figure 1 these three factors
ischemia, hemodynamic dysfunction, and electrical instability are closely 
interrelated. Each of these three main factors is affected by dynamic changes 
such as changes in degree of ischemia, triggers, blood platelet function, 
influence of the autonomic nervous system (ANS), etc. The importance of all 
these different contributing factors may vary, depending upon the stage of 
coronary artery disease. For example, sudden death in the previously 
asymptomatic patient is frequently the result of acute myocardial ischemia 
leading to the lethal cardiac arrhythmia. The mechanism of sudden death can 
be totally different in the patient with an old myocardial infarction and a 
large scar. Our knowledge of all the factors contributing to sudden death is 
far from complete. We believe that in this multifactorial complex situation, a 
practical approach to the problem requires the analysis of the contributing 
factors, which are known and can be recognized. 

The easiest group to start with are patients who have suffered from a 
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TRIGGERS SUDDEN SIZE OF SCAR 

ELECTRICAL HEMODYNAMIC 

SIZE 
INSTABILITY DYSFUNCTION 
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Figure 1. Model showing the factors that playa role in sudden cardiac death in the patient 
with coronary artery disease. As shown, ischemia, hymodynamic dysfunction, and electrical 
instability are the three components closely interrelated in producing sudden cardiac death. 
Several known (and probably other unknown) factors playa role in each of the three main 
components of the model. Not shown in this figure is the role of time, for example, the age of 
a myocardial infarction or the duration of ischemia. ANS = autonomic nervous system. 
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myocardial infarction in the past. In these patients, the degree of impairment 
of left ventricular function has emerged as the most important factor 
determining prognosis. 

The patient with a left ventricular ejection fraction of 20-30% has a 30% 
I-year mortality rate as compared to a 5% value in patients with a left 
ventricular ejection fraction of 50% or more [5]. A critical analysis of the 
independent value of left ventricular ejection fraction has been published [6]. 
Patients requiring treatment for congestive failure after myocardial infarction 
have a particular ominous prognosis [7, 8]. It is of interest that about half of 
the patients with symptomatic pump failure after myocardial infarction die 
suddenly [7]. 

Residual ischemia outside the infarcted area is also of prognostic signif
icance. Painful and silent ischemia in rest or during exercise are markers for 
an increased risk of dying suddenly. Several methods have been advanced to 
obtain information about the presence or absence of residual ischemia, such 
as the resting ECG, 24-hour Holter recordings, exercise ECG testing alone 
or combined with radionuclide techniques, and recently also dobutamine 
infusion [9]. 

Within the residual ischemia group, risk is inversely related to duration of 
exercise before the onset of complaints or ST segment depression and also 
inversely related to the rise in blood presue during exercise [10, II]. The 
high risk post-MI patient can therefore be recognized by performing an 
exercise test. 

An important area of discussion is the significance of ventricular 
arrhythmias. There is no question that the occurrence of spontaneous 
sustained ventricular tachycardia after the acute phase of myocardial infarc
tion worsens prognosis [12]. Discussion centers around the independent 
prognostic significance of other expressions of ectopic ventricular activity, 
including frequency of ventricular premature beats, couplets, and nonsus
tained ventricular tachycardia. While on one hand investigators such as 
Bigger [13] found prognostic significance of nonsustained ventricular 
tachycardia independent from left ventricular function, other investigators 
could not come to the same conclusion [6, 14, 15]. Studies in which 
incidence, time of occurrence, and characteristics of ventricular ectopy are 
carefully related to site and size of infaction and extent of the residual 
ischemic area are required to give a more definite answer to this question. 

The information obtained in patients who have suffered from a myocardial 
infarction that extent of muscle loss is the prime determinant of the future 
indicates the extreme importance of reducing infarct size as much as possible 
when the patient presents with impending or early myocardial infarction. 
Recent data have shown that infarct size can be reduced by early administra
tion of thrombolytic therapy [16], indicating the importance of the shortest 
possible time interval between onset of complaints and treatment. Reduction 
in infarct size is not only of importance for left ventricular function, but also 
reduced the substrate for malignant ventricular arrhythmias [17]. 
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The patient unknown to have coronary heart disease 

As described, many sudden cardiac death victims have no previous cardiac 
history [2, 18-20J, although somewhat different conclusions were recently 
reported [20J. In that study it was found that in only a minority of patients 
resuscitated out of hospital no previous cardiac history was present [21 J. 

The asymptomatic patient 

It is possible to recognize groups at higher risk for sudden death in the 
asymptomatic population. Although risk factors can be identified as smoking, 
high blood pressure, lipid abnormalities, a familial history of coronary artery 
disease, and an abnormal rest or exercise electrocardiogram, the predictive 
value of these abnormalities is too low to justify large scale expensive 
investigations such as thallium stress testing studies or coronary angiography 
in the asymptomatic population. It remains to be shown what impact 
lowering of the cholesterol value will have on the incidence of sudden death. 
Until that information is available wide spread prescription of cholesterol 
lowering drugs should be discouraged. 

Present therapeutic strategies 

Depending on the setting and background, different steps have to be taken to 
reduce sudden death in patients with coronary heart disease. 

Sudden death outside the hospital 

As indicated in Table 2, in the patient dying suddenly outside the hospital, 
resuscitation has to be started immediately followed by rapid admission to 
hospital. Resuscitation outside the hospital can be very effective. In areas 
such as Seattle where a well-organized resuscitation system incorporating 
citizen-initiated rescue efforts is operative, approximately 1/3 of patients 
who are resuscitated outside the hospital are discharged alive from hospital 
[221. Prehospital resuscitation can therefore lead to a sizable reduction in the 
number of sudden death victims. This becomes even more important, when 
one realizes that the outlook for the successfully resuscitated patient has 
improved considerably in recent years. Risk statification in these patients is 
possible [231. 

The coronary heart disease patient reaching hospital 

In the patient reaching the hospital with chest pain and developing 
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Table 2. Steps in reducing sudden cardiac death. 

Known CAD population 

Early phase (out of hospital): Resuscitation 
Required: Personnel and facilities for resuscitation followed by rapid transportation to 

hospital. 
Early phase (in hospital): Aggressive treatment of impending and early myocardial infarction. 

Required: Awareness by laymen and first line physician of the importance of the shortest 
possible hospital delay. In hospital knowledge and facilities to recognize high risk subsets. 

Late phase (in hospital): Risk stratification 
Required: Information about pump function, residual ischemia, and spontaneous ventri
cular tachycardia. This should be followed by appropriate therapy (if possible!). 

Late phase (out hospital): Recognition of changes in previously stable condition followed by 
appropriate action. 

Required: Education of patient and first line physician. 

Unknown CAD population 
Identification of high risk groups (smokers, hypertension, hyperlipemia, familial incidence 
CAD) followed by counseling. 
General advise on diet (fat, salt, etc.) and exercise. 

myocardial infarction, evidence has been presented that infarct size is the 
most important prognostic predictor in the myocardial infarction survivor [5]. 
Measures to prevent myocardial infarction or interventions as early as 
possible after myocardial infarction to reduce infarct size are therefore an 
important target to reduce sudden death later. Recently much emphasis has 
been placed on early risk stratification in patients with unstable angina. 
Questions involving the proper determination of the size of the area at risk 
[24], possible profits of thrombolytic therapy, PTCA, or early surgery have 
only partially been answered. As shown in the study of the Interuniversity 
Cardiology Institute of the Netherlands (ICIN), 20% of patients admitted 
with unstable angina develop a myocardial infarction with 48 hours [25]. 
Regarding the patients admitted to the hospital with an acute myocardial 
infarction, another study from ICIN demostrated that thrombolytic therapy is 
especially useful when electrocardiographic evidence is present of an 
extensive anterior or inferior wall infarction and the patient is treated within 
4 hours after onset of chest pain [26, 27]. 

If the damage is done, our presently available therapeutic measures for the 
patient left with limited left ventricular function are disappointing. Approxi
mately 15% of myocardial infarction survivors fall into that category. No 
randomized studies are available on the effects of inotropic durgs or 
vasodilators in patients with poor pump function after myocardial infarction, 
nor are data known on the effect of reconstructive surgery of the left 
ventricle. 

If the combination of poor left ventricular function and residual ischemia 
is present, revascularization procedures improve prognosis and reduce the 
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incidence of sudden cardiac death [28, 29]. It is essential therefore to 
determine residual ischemia in the myocardial infarction survivor with poor 
pump function. 

Much controversy exists about the value of treating ventricular arrhytmias 
after myocardial infarction. Secondary prevention trials of antiarrhythmic 
therapy have thus far been unable to demonstrate a beneficial effect [30]. The 
problems with these studies include: (1) the absence of stratification accord
ing to risk, (2) the absence of individualization of antiarrhythmic drug dose, 
and (3) the absence of knowledge of the true value of tests used to determine 
drug efficacy. The CAST study, presently in progress, in which about 4500 
survivors of myocardial infarction will be enrolled, will hopefully answer the 
question of whether effective control of potentially malignant ventricular 
arrhythmias will improve survival. 

In contrast to antiarrhyhtmic drug therapy, treatment with a beta-blocking 
agent has been shown to reduce sudden cardiac death [31]. A 25% reduction 
in sudden death has been demonstrated in the first 2 years after myocardial 
infarction. The beneficial action seems to be based upon amelioration of 
ischemia and elimination or blunting or sympathetically mediated modulation 
in heterogeneity of myocardial repolarization and refractoriness. Presence of 
cardioselectivity, intrinsic sympathomimetic activity, or membrane depres
sant action do not seem to play an important role in the protective action of 
the beta-blocking agent. Since beta-blocking agents after myocardial infarc
tion have been used primarily in patients with reasonable left ventricular 
function, 100 patients of that type have to be treated for 2 years in order to 
prevent death in two of them. This suggests that better selection of patients 
likely to benefit from beta-blocking therapy is necessary. Patients with overt 
and silent ischemia and/or hypertension seem to be prone candidates for 
treatment with a beta-blocking drug. An important question is the value of 
beta-blocking therapy in the patient with mechanical and electrical complica
tions. Furberg et al. [321 suggest beneficial action but more work is needed to 
define the exact value of beta-blocking therapy in these patients. 

While in the whole group of myocardial infarction surviviors, antiar
rhythmic drug therapy so far has not been shown to be beneficial, antiar
rhythmic drug therapy does save lives in patients with spontaneously 
occurring ventricular tachycardia or ventricular fibrillation. Also the experi
ence with the implantable defibrillator indicates that subgroups with life
threatening ventricular arrhythmias can be recognized who will profit from 
that device. 

A special group at high risk of dying suddenly are those patients, having 
ventricular tachycardia or ventricular fibrillation following myocardial infarc
tion. 

In a recent prospective study we have evaluated the predictive value of 
different parameters for cardiac events in these patients. Seventy parameters 
from the clinical history, the electrocardiogram, exercise testing, 24 hour 
ECG recording, hemodynamic and angiographic findings and results of 
programmed electrical stimulation of the heart were studied in 200 patients 
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with an old myocardial infarction developing ventricular tachycardia or 
ventricular fibrillation thereafter. All patients were followed for two years as 
to the incidence of sudden and non-sudden cardiac death while they were 
treated with antiarrhythmic drugs. 

We found that four clinical questions can be of help in assessing risk for 
non sudden and sudden cardiac death in patients with documented ventricu
lar tachycardia or ventricular fibrillation having one or more episodes of a 
myocardial infarction. These questions are: 
1) What is the New York Heart Association classification outside the 

arrhythmia? 
2) Did the patient loose consciousness during the arrhythmia? 
3) Did ventricular tachycardia or ventricular fibrillation occur in between 

day 3 to day 60 after myocardial infarction or later? 
4) Did the patient have more than one myocardial infarction in the past? 

As shown in Figure 2 presence or absence of a positive answer to 1 or 

a) NYHA CLASS ~ 3 

80 
b) SYNCOPE DURING VTIVF 

c) VTIVF < DAY 3-60 AFTER MI 

dl MULTIPLE Ml 

60 

40 ~ SUDDEN DEATH 

• TOTAL CARDIAC DEATH 

20 

______ ______________________________ ___ 

PTS; 55 

o 
86 40 

2 

13 

3 

NUMBER OF VARIABLES PRESENT 

6 
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Figure 2. Incidence of total cardiac death (e) and sudden cardiac death (~) in relation to 
presence or absence of 4 clinical variables (listed in upper right hand corner) during a 2 year 
follow-up in 200 patients with YT (169 patients) or YF (31 patients) after myocardial 
infarction. As shown, information from the clinical history can be very helpful in risk stratifi
cation after YT / YF. 
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more of these 4 questions allows differentiation between patients having a 
very small chance of dying a cardiac death and patients having a very poor 
change to survive the 2 year period. 

In evaluating the value of other non-invasive parameters we found that a 
VT rate (on the electrocardiogram) above 200/min was a poor prognostic 
sign. When the value of 24 hour ECG recordings and exercise testing was 
studied we found like others [33] that patients showing persistence of Lown 
4b (non sustained ventricular tachycardia) during antiarrhythmic drug treat
ment did less well as compared to those showing disappearance of ventricu
lar ectopic activity. Occurrence of appearance of sustained ventricular 
arrhythmias during exercise predicted a greater chance of a poor outcome. 

Presence of three vessel disease and a left ventricular ejection fraction of 
30% or less was (not surprisingly) a predictor of a poor survival chance. 
Programmed electrical stimulation gave helpful information when, as 
reported previously by other group [34-36] induction of ventricular 
tachycardia was still possible during antiarrhythmic drug therapy. This 
indicates poor prognosis especially in terms of recurrences of sustained 
ventricular arrhythmias. 

The coronary heart disease patient after discharge from hospital 

As pointed out, risk stratification and appropriate therapeutic measures 
should take place before discharge. In the post-hospital phase, attention 
should be focused on changes in the stability of the condition. Coronary 
artery disease is usually a progressive disease and patient and first line 
physician should be knowledgeable about the necessity of seeking cardiologi
cal advice when changes in condition occur. The cardiologist will then 
perform the necessary investigation to establish its significance and take 
appropriate action. 

The unknown coronary artery disease population 

In several countries including the USA and the Netherlands, mortality figures 
for coronary heart disease are decreasing. It is not quiet clear which factors 
are responsible: changes in diet, smoking, or exercise habits, treatment of 
high blood pressure or the advent of coronary care, bypass surgery, and 
medication such as beta-blocking and calcium antagonists. 

In a large epidemiologic study of employees of the DuPont Company, Pell 
and Fayerweather reported a fall in incidence of myocardial infarction, 
sudden death, and total mumber of cardiac deaths over a 26-year period 
(1957-1983) [37]. The authors conclude that general measures like diet, 
discontinuation of smoking, etc. contributed more to the decreasing mortality 
than medication or interventions in the known coronary heart dieasse 
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Table 3. Evaluation of value of therapeutic and preventive measures in reducing sudden death 
in known and unknown CAD population. 

I. Determine incidence of sudden death in 
A) Known CAD population 
B) Unknown CAD population 

2. Repeat the study 10 years later 
3. Draw conclusions: 

A) Reduction in sudden death incidence in group A suggests effect of therapy of CAD. 
B) Reduction in sudden death incidence in group B suggests effect of preventive measures. 

Table 4. Guidelines of deciding on community screening programs in coronary heart disease 
according to Cadman et al. [38]. 

1. Has the program's effectiveness been demonstrated in a randomized trial? 
2. Are efficacious treatments available and financially affordable? 
3. Is there a good screening test? 
4. Does the program reach those who could profit from it? 
5. Can the health system cope and financially afford the screening program? 
6. Will those with positive screening comply with subsequent advice and interventions? 
7. Are psychological and socio-economic consequences of positive screening overcome by 

efficacious treatment? 

patient. For future planning, it seems to be important to be better informed 
about the role of general versus more specific measures. This could be 
studied in the following way (fable 3). Determine the number of sudden 
deaths in the population and divide them into those occurring in known 
cardiac patients (group A) and those in whom suddem death was the first 
manifestation of cardiac disease (group B). If the same is repeated 10 years 
later, a decrease in the size of group B will indicate effectiveness of general 
measures. A decrease in size of group A points to a beneficial effect of 
specific measures related to individualized information of the cardiac status 
of the patient. 

Epidemiologic studies indicate that in the Western world, 60% of patients 
suffering from a myocardial infarction fall in 20% of the population, having 
one or more risk factors including smoking, elevated cholesterol level, or 
elevated blood pressure. Therefore, 40% of myocardial infarction patients 
come from 80% of our population without any high risk factor. But even in 
the asymptomatic patient high risk group, techniques such as exercise testing 
do not fulfill the requirements for community screening programs discussed 
by Cadman et at. [38] shown in Table 4. 

Conclusion 

Sudden cardiac death is a multifactorial problem. At the present time, only 
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one-third of patients dying suddenly can be identified as likely candidates 
prior to the event. In patients with known coronary artery disease, every 
possible effort should be made to reduce myocardial damage during acute 
ischemia. In the patient who has suffered from myocardial damage, appro
priate risk stratification should be performed and therapeutic measures 
taken. So far, only beta-blocking agents have been shown to be effective in 
preventing sudden death after survival from a myocardial infarction. Studies 
are urgently needed to establish the value of antiarrhythmic drugs in relation 
to risk. In those studies, value of the presently available tests to predict 
success or failure of drug therapy should be critically evaluated. 
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25. Final conclusions 

P.PUECH 

Sudden death is presently one of the greatest challenges facing public health 
and international cardiology due to its high incidence and dramatic appear
ance, particularly because it is often totally unpredictable and affects individ
uals who appear to be not only active community members but also in good 
health. 

However, in many cases, the sudden death candidate has some potentially 
dangerous heart disease which should be evaluated and treated. 

As the pathogenesis of sudden death is plurifactorial. A unilateral 
approach to prevention it is insufficient. 

From the patients who have presented sudden death during Holter 
monitorization we have learnt that sudden death is usually due to ventricular 
fibrillation, often preceded by ventricular tachycardia. The pro arrhythmic 
effect of antiarrhythmic drugs, particularly 'torsades de pointe' ventricular 
tachycardia, contributes considerably to death in subjects on antiarrhythmic 
treatment, and could annul the expected beneficial effect of this treatment in 
individuals at risk. On the other hand, deaths due to bradyarrhythmia have 
become more rare since the development of pacemakers. 

The factors implied in sudden death (less than one hour after the appear
ance of the first symptoms) appear to vary in order of importance. 

The significance of vulnerable myocardium and impact of left ventricular 
function on global mortality and sudden death has been clearly demon
strated. The role of ischemia is controversial and the circumstances preced
ing sudden death are considered as most important, while Holter findings 
(seen by the ischemic modifications of repolarization before the final 
arrhythmic event) tend to minimize its influence. 

The elements which intervene in the final arrhythmia are grouped into a 
trilogy which includes the arrhythmogenic substrate, the trigger factor and 
modulating factors. The arrhythmic substrate is a reentry circuit, in most 
cases, due to a defined anatomic lesion (e.g. myocardial scar) or local 
electrophysiologic disorders which favour anisotropy. The most frequent 
trigger factor is the presence of premature ventricular contraction which may, 
in several circumstances increase the danger of unbalancing the substrate, 

A. Bayes de Luna et a1. (eds.): Sudden Cardiac Death, 297-298. 
© 1991 Kluwer Academic Publishers, Dordrecht. 



298 P. Puech 

penetrating the critical zone of the circuit. However, the extrasystole is not 
the only trigger factor, and acceleration of heart rate, long cycle-short cycle 
sequences, are also trigger factors which Holter recordings have revealed. 

Among the modulating factors we find that variations in the neurovegeta
tive tone appear to play an important role. These include variations in heart 
rate (absolute or relative tachycardia, reduction of circadian variability of 
heart rhythm) without forgetting the variations in ionic balance (K and Mg), 
and the role of psychological stress or physical stress, QT interval modifica
tions and the therapeutic influences. 

Evaluation of risk factors should encompass both invasive and non-inva
sive approach. Holter recordings allow the study of the trigger factor (PVC), 
of the autonomous nervous system (variations in heart rate) and ischemia 
(ST-T). 

Effort tests occasionally associated to examination with radioisotops 
explore the ischemia and the presence of arrhythmias due to effort. The 
electrocardiogram of high amplification and signal averaging study the 
presence of late potentials, non-invasive markers of a reentry substrate. The 
invasive approach, using programs of ventricular stimulation, studies the 
arrhythmogenic substrate and is useful to select the subjects who respond to 
antiarrhythmic treatment. 

Although all methods of evaluation are limited, it is possible to define the 
individual at risk of sudden death, particularly after myocardial infarction. 
Such a person may present: 

poor ventricular function with an ejection fraction < 40% 
frequent or complex premature ventricular contractions m the Holter 
tapes 
poorly tolerated, recidivant spontaneous ventricular tachycardia 
late potentials with a duration of over 40 ms in the signal averaging ECG 
sustained ventricular tachycardias reproducible by programmed stimula
tion which remain inducible after antiarrhythmic therapy. 

The inefficacy of antiarrhythmic treatment (including amiodarone) on 
ventricular extrasystoles and/or ventricular tachycardias of patients with 
these characteristics or antecedents of one or multiple cardiac arrests, shows 
the need for non-pharmacologic options such as surgery, catheter ablation 
techniques and implantable electrical device. 

The highly recurrent character of malignant ventricular arrhythmias may, 
in a few well-selected cases, include the therapeutic possibility of heart 
transplant, particularly if there is a severe myocardic alteration limiting life 
expectancy. 
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Cardiac transplantation 280 
Cardiogenic shock 153 
Cardiomegaly 

-sudden death 15 
- ventricular fulguration 172 

Cardiomyopathy 
- automatic implantable cardioverter 

defibrillator 156 
- malignant ventricular arrhythmias 43, 137, 

164 
- sudden cardiac death 113 
- sudden death in athletes 88 

Cardiovascular collapse 46 
Cardiovascular disease and sudden death in 

children 14 
Cardioversion 164 
Catecholamines 205 
Catheter ablation techniques 298 
Cerebral vascular disease 33 
Chemical ablation. See Transcoronary chemical 

ablation 
Cholesterol 288 
Circadian behavior 196 
Congenital 

- cardiac disorders 13 
- heart disease operated 14 
- long QT syndrome 117 

Congestive heart failure. See Heart failure 
Converting enzyme inhibitors 257 
Coronary anatomy in ventricular arrhythmias 42 
Coronary angiography 

- non-Q wave myocardial infarction 246 
- transcoronary chemical ablation 182 

Coronary anomaly 14 

Coronary arterial spasm 212 
Coronary artery 121 
Coronary artery bypass grafting 

- myocardial ischemia 45 
- sudden death 268 

Coronary artery disease. See Coronary beart 
disease 

Coronary artery occlusion 
- ischemia 85 
- non-Q wave MI 240 
- sudden death 32 
- therapy 72, 272 
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Coronary artery revascularization and. sudden 
death 267-284 

- and therapy 274 
- in ventricular electrical instability 213 
- triple-vessel 213 

Coronary artery spasm 85 
Coronary atheroma 116 
Coronary atherosclerosis 84 
Coronary blood flow 

- calcium-channel blockers 247 
- ischemia 84 

Coronary care unit 250 
Coronary circulation 84 
Coronary collateral system 32 
Coronary constriction 85 
Coronary heart disease 

- acute coronary syndrome 31 
- ambulatory sudden death 100 
- autonomic nervous system 204 
- intraventricular conduction disturbances 

123 
- malignant ventricular arrhythmias 137 
- myocardial ischemia 228 
- non-Q wave myocardial infarction 239 
- secondary prevention 16 
- sports activity-related 94 
- sudden cardiac death 15,31,88, 113, 116, 

147,267,285 
- sudden death and chronic 37 
- ventricular electrical instability 209 
- ventricular fulguration 172 

Coronary lesions 227 
Coronary obstruction. See Coronary artery 

occlusion 
Coronary oxygen supply 84 
Coronary re-occlusion 34 
Coronary risk factors 78 
Coronary spasm 

- myocardial ischemia 231 
- transcoronary chemical ablation 186 

Coronary thrombosis 
- myocardial ischemia 85 
- sudden death 33 
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Coronary vessels 270 
Creatine kinase 

- isoenzymes and ventricular fulguration 175, 
176 

- non-Q wave myocardial infarction 244 
- ventricular fulguration 176 

Cyanotic congenital heart disease 15 
Cycle length of ventricular tachycardia 43 

Defibrillation threshold 156 
Defibrillators 279 
Diabetes 23 
Diazepam 72 
Digital angiographic and myocardial ischemia 

230 
Digitalis 

- arrhythmogenesis 117 
- heart failure 256 
- intoxication 64 
- mortality 227 

Dilated cardiomyopathy 113 
Diltiazem 

- non-Q wave myocardial infarction 246 
- Reinfarction Study 241 
- sudden death 272 

Disopyrarnide 
- side effect 261 
- ventricular arrhythmias 67 

Diuretics 
- heart failure 256 
- hypokaliemia 108 
-loop in heart failure 257 

Drugs. See also Specific agents 
- heart failure 255 
- malignant ventricular arrhythmias 44, 49 

Dynamic 7 
Dyslipemia 23 
Dyspnea 183 

ECG. See Electrocardiography 
Ectopic ventricular activity 287 
Effort test. See Exercise testing 
Ejection fraction 

- heart failure 172, 257 
- sudden death 5 
- thrombolytic therapy 34 
- ventricular arrhythmias 141, 218 

Electrical instability 
- athletes 95 
- psychological stress 75 
- sudden cardiac death 16, 32, 107, 286 

Electrical risk 275 
Electrical stability 34 
Electrocardiographic abnormalities 122 
Electrocardiographic changes 230 

Electrocardiographic monitoring 48 
Electrocardiography 

- antiarrhythmic drug efficacy 41 
Electrolytic alterations 256 
Electromechanical dissociation 100 
Electrophysiologic 16 

- catheter mapping 152 
- response 140 
- study 42, 48 

Electrophysiological 
- features 116 
- markers 113 
- repetitive responses 116 
-study 168 
-testing 279 

Electrophysiological Endocavitary Studies 
(EES)90 

Empiric method 135 
Empirical treatment 45 
Enalapril 257 
Encainide 56, 131 
Endocardial 

- activation in ventricular tachycardia 149 
- catheter ablation 147, 163 
- catheter fulguration. See Endocardial 

catheter ablation 
- mapping 176 
- resection 152 
- ventriculotomy 152 

End-systolic volume 225 
Epicardial mapping 168 
Ergometric test. See Exercise testing 
Ethanol182 
Exercise testing 

- acute drug test 128 
- antiarrbythmic drug efficacy 41 
- arrhythmias 9 
- arrhythmogenic right ventricular dysplasia 

92 
- cardiac arrest 87 
- fulguration of VT 169 
- myocardial ischemia 9 
-positive 8 
- prognosis after myocardial infarction 8, 

230,275 
- sudden death 9 

Extrasystole 100 

Fibrillation threshold 4 
F1ecainide 

- acute drug test 131 
- Cardiac Arrhythmia Pilot Study (CAPS) 56 
- heart failure 261 
- intraventricular conduction and sudden 

death 102 



Fourier analysis 202 
Framingham study 31 
Fulguration 

-equipment 164 
- ventricular tachycardia 163 

Fulguration and chronic ventricular tachycardia 
163-178 

Functional class 
- sudden death 141 
- transcoronary chemical ablation 185 

Gating hypothesis 168 

Heart disease 
- athletes 89 
- cardiac arrest exertion-related 87 
- epidemiology 13 
- intraventricular conduction disturbances 

121 
- sudden death 89,101,297 
- ventricular premature beats 63 
- ventricular tachycardia 147 
- Wolff-Parkinson-White 5 

Heart failure 
- antiarrhythmic drugs 55 
- autonomic nervous system 204 
- cardiac arrest 29 
- congestive 
- coronary artery disease 257 
- myocardial infarction and 226, 287 
- non-Q wave myocardial infarction 241 
- prognosis 255 
- sudden death 113, 255-266 
- surgery of ventricular tachycardia 153 
- treatment of 255-266 
- ventricular fulguration 172 

Heart rate 
- autonomic nervous system 191, 192 
- oscillatory changes 194 
- ventricular fibrillation 103 

Heart transplant in ventricular arrhythmias 298 
Hemodynamic dysfunction 286 
Heparin 35 
High-frequency peak 202 
Holter monitoring 

- acute drug test 128 
- arrhythmogenic right ventricular dysplasia 

92 
- autonomic nervous system 192 
- electrical instability 214 
- in malignant cardiac arrhythmias 41 
- intraventricular conduction disturbances in 

athletes 88 
- sudden cardiac death and 99-112, 6, 9, 99, 

292 
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- ventricular fibrillation and 209 
- ventricular fulguration 169 
- ventricular premature contractions in 275 

HV interval 122 
Hyaluronidase 51 
Hydralazine 257 
Hydrochlorotiazide 257 
Hypertension 

- cardiac surgery 65 
- intraventricular conduction disturbances 

121 
- sudden death 23 

Hypertrophic cardiomyopathy 
- sudden death 5, 14, 113 

Hypokaliemia 108 

Iatrogenic torsades de pointe 106 
Iced isotonic saline in chemical ablation 182 
Imipramine 56 
Implantable cardioverter defibrillator 

- malignant ventricular arrhythmias 143, 175 
- sudden death 298 

Implanted VVI pacemaker 102 
Incessant ventricular tachycardia 182 
Inducibility 136 
Inducible 43 
Infarct old 32 
Infarct -related artery 34 
Infarct size 

- coronary reperfusion 34 
- mortality 124 
- sudden death 287 
- ventricular arrhythmias 228 

In-hospital cardiac mortality 35 
Inotropic drugs 256 
Inotropic effect 261 
Intracardiac electrophysiological studies 130 
Intracoronary streptukinase 34 
Intra intimal thrombosis 270 
Intraluminal thrombosis 270 
Intraventricular blocks 173 
Intraventricular conduction 102 
Intrinsic sympathetic activity 63 
Ionic 9 
Ischemia 

- acute ischemic syndromes 83 
- coronary revascularization 45 
- malignant ventricular arrhythmias 7 
- myocardial infarction and acute 289 
- myocardial infarction and chronic 287 
- recurrent 213, 240 
- residual in non-Q wave MI 246 
-silent 8 
- sudden arrhythmic death 116 
- sudden death 7,32,286 
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- thrombosis 31 
- ventricular tachyarrhythmias 210, 211 

Ischemic cardiac event 241 
Ischemic cardiopathy 25 
Ischemic episode 45 
Ischemic event 67 
Ischemic heart disease 

- beta-blockers 63 
- high-risk state 274 
- intraventricular conduction disturbances 

123 
- thrombosis 83 
- ventricular fibrillation 66 

Ischemic risk 274 
Ischemic syndromes 83 
Isosorbide dinitrate 257 
Isotopic studies 9 

Jogging 94 

Killip class 243 

Late potentials 
- sudden death 9, 113 

Left axis deviation 122 
Left bundle branch block 

- myocardial infarction and sudden death 116 
- sudden death 121 

Left main coronary artery 182 
Left main coronary artery disease 116 
Left stellate ganglionectomy 117 
Left ventricular aneurysm 

-left ventricular dysfunction 226 
- ventricular arrhythmias 45 

Left ventricular dilatation 
- coronary reperfusion 34 
- left ventricular dysfunction 225 

Left ventricular dysfunction 
- antiarrhythmic drugs 44 
- non-Q wave myocardial infarction 251 
- sudden death 16, 32, 107,223, 275 
- ventricular tachyarrhythmias 210 

Left ventricular ejection fraction 
- antiarrhythmic drugs 47 
- coronary artery disease 287 
- sudden death 9,191,225,277 
- transcoronary chemical ablation 183 

Left ventricular enlargement 5 
Left ventricular function 

- antiarrhythmic drugs 45 
- coronary artery disease 286 
- intraventricular conduction disturbances 

124 
- malignant ventricular arrhythmias 42 
- myocardial infarction 116 

- propapenone 262 
- sudden death 5, 33, 159, 297 

Left ventricular hypertrophy 
- intraventricular conduction disturbances 

122 
- myocardial infarction 239, 243 
- sudden death 15 

Left ventricular myocardium 239 
Left ventricular systolic function 51 
Lidocaine 114 
Life-threatening 3 
Localized ischemia 107 
Long QT syndrome 

- psychological stress 74 
- silent arrhythmogenic cardiopathy 88 
- sudden death 5, 14 

Long-short RR sequence 106 
Long-term ECG recording. See Holter 

monitoring 
Lown 

- acute drug test 127 
- psychological stress 75 
- sudden death 3 

Malignant arrhythmias 
- acute drug test 127 
- antiarrhythmic drugs 41 
- automatic implantable cardioverter 

defibrillator 155 
- myocardial infarction 287 
- non pharmacological treatment 147 
- non-Q wave myocardial infarction 243 
- sudden death I, 16 

Malignant ventricular arrhythmias 
- AAD after myocardial infarction in 52-55, 

58 
- Cardiac Arrhythmias Pilot Study (CAPS) 

55-58 
-mortality 50-51 
- Multicenter Investigation of the Limitation 

of Infarct Size (MILlS) 51-52. 
- prediction of AAD efficacy 41-50 
- serial electrophysiologic testing 135-143 

Mapping guided surgery in VT 147, 151 
Mechanical risk 274 
Mechanism of sudden death 32 
Medical therapy 248 
Mental stress 128 
Metabolic alterations 9 
Metoprolol 

- ischemic heart disease 66 
- sudden death 269 
- ventricular arrhythmias 63 
- ventricular premature beat 64 

Mexiletine 



- acute drug test 131 
- sudden death 193 
- ventricular arrhythmias 67 

Milrinone 256 
Mitral valve prolapse 

- beta-blockers 64 
- silent arrhythmogenic cardiopathy 88 
- sudden death 14, 113 

Modulating factors and sudden death 2, 5, 297 
Moricizine 56 
Mortality 

- heart failure 255 
- intraventricular conduction disturbances 

124 
- intraventricular conduction disturbances 

and late 124 
-rate 

+ inducibility of VT 44 
+ Multicenter Investigation of the 

Limitation of Infarct Size (MIllS) 52 
+ non-Q wave myocardial infarction 240 
+ out-of-hospital sudden death 

- thrombolytic therapy 34 
- ventricular fulguration and late 172 
- vulnerable myocardium 297 

Multicenter Investigation of the Limitation of 
Infarct Size (MIllS) 51 

Multicenter Post Infarction Program (MPIP) 51 
Multi-vessel disease 86 
Mural thrombi 33 
Mustard operation 15 
Myocardial damage 294 
Myocardial infarction 

- acute ischemia in 33 
- acute non-Q wave 239-254 

+ clinical implications 250--251 
+ left ventricular hypertrophy 244-245 
+ medical management 247-250 
+ pathogenetic mechanisms 239-240 
+ postinfarction angina 240--241 
+ reinfarction and recurrent ischemia 240 
+ risk assessment after 245-246 
+ ST segment depression 241-243 

- AICD and multiple 155 
- anterior 34,76,115,116,124 
- antiarrhythmic drugs 45 
- autonomic nervous system 191 
- beta-blockers and 66 
- Cardiac Arrhythmia Pilot Study (CAPS) 55 
- coronary revascularization 267 
- exercise testing in 277 
- heart failure and 256, 259 
- intraventricular conduction disturbances 

122 
- ischemia 85 
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- malignant ventricular arrhythmias and 138, 
219 

- psychological stress 73 
- risk factors of sudden cardiac death after 

acute 223- 238 
- size 225 
- sudden death 7, 31, 113, 223, 287 
- thrombolytic therapy in acute 85 
- transcoronary chemical ablation 183 
- ventricular electrical instability and 209, 

212 
- ventricular fibrillation in acute 15 
- ventricular tachycardia treatment after 147, 

164 
Myocardial ischemia 

- acute ischemic syndromes in acute and 
chronic 33, 83-86 

- asystole 100 
- coronary artery disease 84, 228, 286 
- coronary spasm and acute 85 
-mortality 51 
- Multicenter Post Infarction Program 

(MPIP) 51 
- plaque fissure and acute 268 
- recurrent 240 
- silent 231 
- sudden cardiac death 223 
- ventricular arrhythmias 7 

Myocardial necrosis 51 
Myocardial oxygen consumption 84 
Myocardial reinfarction 271 
Myocardial revascularization 240 
Myocardial substrate 38 
Myocardial vulnerability 96 
Myocarditis 

- silent arrhythmogenic cardiopathy in 
athletes 88 

- sudden death in children and acute 14 

Nervous cryoblockade 71 
Neurovegetative tone 95. See also Autonomic 

nervous system 
New York Heart Association classification 291 
Nifedipine 

- myocardial infarction 248 
- sudden death 272 

Nitroglycerin 248 
Non-arrhythmic death 51 
Non cardiac deaths 171 
Non coronary disease 155 
Non fatal myocardial infarction 33 
Non fatal recurrences 155 
Non-invasive methods 46 
Non-invasive parameters 292 
Non-malignant ventricular arrhythmias 128 
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Non phannacologic options 298 
Non phannacological VT treatment 147 
Non-Q wave myocardial infarction. See also 

Myocardial infarction 
- cardiac events 239 
- ischemia 231 

Nonselective beta-blockers 65 
Non sudden cardiac death 76 
Non sudden death 19 
Nonsustained tachycardia 136 
Noradrenaline 63 

Obstructive coronary artery disease 94 
Out-of-hospital 

- cardiac arrest 8, 87, 138 
- sudden death 19 

Oxalactic transaminase 185 

Pacemaker dysfunction 108 
Pace-mapping 182 
Pathogenesis 83 
Pathogenic 

- factors 33 
- mechanisms 38 

Percutaneous 
- transcoronary electrical ablation 179, 188 
- transluminal coronary angioplasty 45, 268 

Phannacologic response 136 
Phosphodiesterase inhibitors 256 
Physical effort 7 
Physical exertion 94 
Placebo 

- beta-blockers on reinfarction 247 
- Cardiac Arrhythmia Pilot Study (CAPS) 56 
- coronary reperfusion 34 
- heart failure 257 

Plaque fissure 270 
Plaque rupture 

- sudden death 32, 269 
Plasma concentration 

- antiarrhythmic drugs 50 
- catecholamines and heart failure 261 

Platelet activation 35 
Platelet aggregation 269 
Platelet inhibitors 36 
Platelet microemboli 212 
Post-extrasystolic pause 

- torsades de pointe 101 
- ventricular fibrillation 103 

Postinfarction 
-angina 240 
- beta-blockers 63 
- scars 4 
- sudden death 7 

Postinfarction angina 231 

Potentially malignant ventricular arrhythmias 
- acute drug test 127 
- antiarrhythmic drugs 41 

Power spectral analysis 
- heart rate variability 192, 202 

Prazosin 257 
Prehospital emergency medical systems 41 
Premature beat 

- initiating and ventricular arrhythmias 102 
Premature death 21 
Premature ventricular beat. See Ventricular 

premature beat 
Prematurity index 100 
Presyncope 92 
Primary 

- arrhythmia 13 
- arrhythmic event 87 
-conduction disease 122 
- conduction disorder 100 
- conduction disturbance 106 
- electrical disorders 87 
- electrophysiological phenomenon 107 
- ventricular fibrillation 102, 114 

Proarrhythmia 55 
Proarrhythmic effect 

- acute drug test 131 
- inotropic drugs 256 
- sudden death 16, 297 

Procainamide 
- acute drug test 131 
- ventricular premature beats 63 

Programmable pacemakers 279 
Programmed electrical stimulation 

- acute drug test 130 
- antiarrhythmic drugs 41 
- catheter ablation of ventricular tachycardia 

148 
- malignant ventricular arrhythmias 135, 292 
- sudden death 113 
- transcoronary chemical ablation 182 
- ventricular electrical instability 210, 217 

Propafenone 
- acute drug test 131 
- heart failure 262 

Propranolol 
- infarct size (MILlS) 51 
- ischemic heart disease and VF 66 
- sudden death 269 

Psychic stress 7 
Psychological stress 

- acute emotional disturbances in 76 
- automatic implantable cardioverter 

defibrillator 175 
-physiopathological implications 76-77 
- preventive implications 77-78 
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+ in animals 71-72 
+ in humans 72-76 

- sudden death 71 
Psychosocial determinant 73 
PTCA289 
Pulmonary congestion 249 
Pulmonary edema 

- myocardial infarction 226 
- ventricular fulguration 172 

Pulmonary wedge pressure 168 

QRS duration 123 
QTinterval 

- psychological stress 75 
- sudden death 7 
- torsades de pointe 101 

QT prolongation 113 
Quinidine 

- acute drug test 131 
- malignant ventricular arrhythmias 44, 67 

Quinidine-like drugs 108 
Q-wave24O 

Radioisotops 298 
Radionuclide angiography 277 
Radionuclide ventriculogram 

- left ventricular dysfunction 225 
- ventricular arrhythmias 47 

Reentry 
- infarct size 228 
- ventricular tachycardia 16, 210 
- vulnerable myocardium and 4 

Reinfarction 
-late 241 
- recurrent ischemia 240 
- sudden death 35, 36 

Renin-angiotensin system 192 
Reperfusion infarct-related vessel 280 
Resuscitation maneuvers 27 
Rethrombosis 35 
Revascularization 268 
Right bundle branch block 

- athletes 96 
- fulguration of VT 173 
- sudden death 121 
- ventricular fibrillation 115 

Right coronary artery 182 
Risk factors 

- non sudden death 291 
- sudden death 291, 298 

+ acute myocardial infarction 223 
+ asymptomatic patient 288 
+ coronary artery disease 267 
+ out-of-hospital 23 

Risk stratification 285 
R-on-T phenomenon 129,232 
R-R interval 7 
Ruptured plaques 212 

Schedule of recent events (SRE) scale 75 
Secondary 

- prevention 16 
- ventricular fibrillation 115 

Segmental wall motion 230 
Serial electrophysiologic testing 135 
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- inducibility of clinical arrhythmia 137-138 
- PES response and clinical outcome 

138-142 
Serum cholesterol 278 
Signal averaging 

- reentry 298 
- ventricular tachycardia 219 

Silent ischemia. See Ischemia 
Silent myocardial ischemia. See Ischemia 
Single vessel disease 

- catheter ablation of VT 160 
- myocardial infarction 86 

Sinoatrial block 100 
Sinus heart rate 6 
Sinus tachycardia 193 
Smoking 

- sudden death 23, 278 
Sotalol 

- malignant ventricular arrhythmias 44, 63 
Spanish sudden death trial 58 
ST depression 

- changes 118 
- myocardial infarction 229 
- non-Q wave myocardial infarction 241 
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- sudden death 287 

STelevation 
- non-Q wave myocardial infarction 241 
- sudden death 8 
- ventricular tachycardia 231 

Streptokinase 280 
Stress radionuclide imaging 246 
Stress testing. See Exercise testing 
Structural heart disease. See Heart disease 
STsegment 

- fulguration of VT 173 
- sudden death 99 

ST-T wave changes 
- intraventricular conduction disturbances 

122 
- postinfarction angina 240 

Subendocardial necrosis 240 
Sudden arrhythmic death 

- acute myocardial infarction 116, 227 
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Sudden cardiac death I 13 
-adults 15-16 
- antiarrhythmic drugs 41-62 
- arrhythmic 87 
- autonomic nervous system 5-7 
- children 14- 15 
- definition 13 
- epidemiology 13-18 
- exercise and sports activity 87-98 

+ athlete population 88-97 
- high-risk candidate for 113-119 
- infarction size 52 
- markers and trigger mechanisms: exercise 
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- modulating factors 5-9 
- out-of-hospital in Spain 19-30 
- profile of the candidate for I 13-120 
- psychological stress 71- 82 
- risk factors after acute MI 223-238 

+ CAD and ischemia 228-231 
+ left ventricular dysfunction 224-228 
+ ventricular arrhythmias and ventricular 

function 231-235 
- update 1-12 
- ventricular arrhythmias 209 
- ventricular premature beats 3-4 
- vulnerable myocardium 4-5 

Sudden death 285, 297 
- aborted sudden death 

+ and coronary artery disease 107 
+ in athletes 89, 92 

- acute ischemia 294 
- acute myocardial infarction in 33 
- antiarrhythmic drugs to reduce mortality 

41-62 
- antithrombotic therapy 37-38 
- autonomic nervous system and 191-208 
- beta-blockers 63 
- coronary revascularization 267-284 
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+ high-risk state 274-277 
+ management steps to avoid 278-281 
+ prophylactic therapy 268-274 

-epidemiology 13-18 
- exercise-related 87 
- global in PVC 4 
- Holter monitoring 99-112 

+ asystoles 100 
+ torsades de pointe 100-101 
+ ventricular fibrillation 102-106 

- intraventricular conduction disturbances 
and 121-126 
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+ cardiovascular disease 123-124 

- ischemic 270 

- multifactorial problem 285-296 
+ asymptomatic patient 288 
+ coronary artery disease patient 286-287 
+ high-risk groups 285 
+ unknown coronary artery disease 

population 292-293 
-place 26 
- possible as definition 20 
- psychological stress and 71-82 
- risk factors 113-120 
- Spanish study 19 
- stages 31-37 
- thrombosis, antithrombotic therapy 31-40 
- unexpected 32 
- update 19901-12 
- ventricular arrhythmias 141 
- ventricular arrhythmias and ambulatory 1 
- victims 19,20,22 
- witnesses 27 

Supraventricular arrhythmia 6 
Supraventricular tachycardia 163 
Sure sudden death 20 
Surgery 

- coronary artery disease 289 
- myocardial infarction and 228 
- sudden death 273 
- ventricular arrhythmias 298 

Surgical 
- ablation44 
- subendocardial resection 143 
- techniques 179 
- therapy 280 

Survival 261 
Swan-Ganz catheter 168 
Sympathetic 

- activity 231 
- adrenal-medullary system 76 
- tone 107, 192 

Syncope 
- antiarrhythmic drugs 57 
-longQT 117 

Systemic arterial pressure 230 
Systolic blood pressure 

- myocardial infarction 230 
- sudden death 277 

T wave changes 118 
Tachyarrhythmia 99 
Tachycardia-related coronary artery 180 
Tachycardia zone 136 
Technetium pyrophosphate 185 
Tetralogy of fallot 15 
Thallium-201 exercise test 230 
Thermodilution technique 168 
Three vessel coronary artery disease 116 



Three vessel disease 160, 292 
Thrombolysis 239 
Thrombolytic therapy 

- coronary artery disease 287, 289 
- ischemia 85 
- non-Q wave MI 228, 250 
- survival 34 
- ventricular fibrillation 115, 268 

Thrombosis 
- myocardial infarction 239 
- myocardial ischemia 83 
- sudden death 31 

Thrombotic episode 33 
Thrombus 269 
Timolol 

- reinfarction 247 
- sudden death 269 
- ventricular arrhythmias 66 

Tocainide 67 
Torsades de pointe 

- Holter monitoring sudden death 100 
- ventricular fibrillation 1 

Total mortality 
- antiarrhythmic drugs 48, 53 
- non pharmacologic treatment of VT 153 
- ventricular arrhythmias 141 

Transcoronary alcohols 179 
Transcoronary chemical ablation of tachycardias 

179-190 
- arrhythmogenic area 188 
- atrioventricular node 186-187 
- technique 180-182 
- ventricular tachycardia 183-185 

Transesophageal atrial pacing 96 
Transesophageal electrophysiological study 90 
Tricyclic antidepressants 76 
Trigger arrhythmias 95 
Trigger factor 

- reentry 210 
- sudden death 297 

Triple vessel disease 
- myocardial infarction 228 
- sudden death 33 

Type A behavior pattern 75 

Uninducible 43 
Unoperated 14 
Unstable angina 

- non-Q wave MI 240 
- sudden death 31, 117, 289 
- therapy 269 

Vagal drive 192 
Vagal tone 67 
Vago-sympathetic drive 108 

Valsalva maneuver 117 
Valvular heart disease 

- sudden death 113 
- torsades de pointe 10 I 

Variant angina 8 
Vascular death 35 
Vasodilating agents 280 
Vasodilators 257 
Vaughan Williams Classification 63 
Ventricular arrhythmias 

- acute drug test 127 
- acute myocardial infarction 223 
- antiarrhythmias drugs 53 
- athletes 96 
- beta-blockers 63-70 
- coronary artery disease 286 
- exercise testing 
- psychological arrhythmias 71 
- repetitive 51, 210 
- serial electrophysiologic testing in 

malignant 135-146 
- sudden death 32 
- surgery for 152 
- symptomatic 41 
- torsades de pointe 10 I 
- transcoronary chemical ablation 179 
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- value of beta-blockers in the treatment of 
63-70 

- ventricular fulguration 163 
Ventricular dysfunction 

- non pharmacological treatment of VT 159 
- sudden death 213 

Ventricular ectopic activity 
- antiarrhythmic drugs 42 
- myocardial infarction 233 

Ventricular ectopic beat. See Ventricular 
premature beats 

Ventricular electrical instability 209-222 
- arrhythmogenic substrate 210-213 
- myocardial infarction patients 218-219 
-parameters to assess 214-218 

Ventricular extrasystoles. See Ventricular 
premature beats 

Ventricular failure 172 
Ventricular fibrillation 

- antiarrhythmic drugs 41 
- beta-blockers 66 
- coronary revascularization 268 
- Holter monitoring 100 
- intraventricular conduction disturbances 

124 
- markers and trigger mechanisms 209 
- myocardial infarction 223 
- out-of-hospital cardiac arrest 138 
- psychological stress 71 
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- reentry 16 
- sports activity 87 
- sudden death I, 13, IS, 113, 147,297 
- thrombolytic therapy 34 

Ventricular function 31 
Ventricular late potentials 

- thrombolysis 34 
- ventricular arrhythmias 2 I I 

Ventricular premature beats 
- acute drug test 127, 128 
- acute myocardial infarction I 14 
- angina pectoris 275 
- antiarrhythmic drugs 42 
- autonomic nervous system 191 
- beta-blockers 63 
- coupling interval 100 
- intraventricular conduction disturbances 

122 
- multiform 63 
- myocardial infarction and sudden death 23 I 
-paired 50 
- psychological stress 75 
-repetitive 5 
- sudden death 1,3,5, 113,297 
- ventricular fibrillation 103 
- ventricular tachyarrhythmias 210 

Ventricular premature depolarizations. See 
Ventricular premature beats 

Ventricular refractory period 106 
Ventricular repolarization 103 
Ventricular stimulation 298 
Ventricular tachyarrhythmia. See Ventricular 

tachycardia 
Ventricular tachycardia 

- acute drug test 129 
- antiarrhythmic drugs 41-43, 50 
- area of slow conduction in 149 
- arrhythmogenic substrate 213 
- athletes 89 

- beta-blockers 65 
- cycle length 44 
- fulguration of chronic 163-178 
- Holter monitoring 100 
- markers and trigger mechanisms 209 
- monomorphic 102,213 
- multiform 89 
- myocardial infarction and sustained 116, 

223 
- non pharmacological treatment of 147-162 

+ AICD 155-158 
+ catheter ablation ofVT 147-151 
+ surgery ofVT foci 151-155 

- polymorphic 102 
- programmed electrical stimulation 140 
- rate 292 
- recurrences 44, 48 
-reentry 16 
- runs 42, 50, 102 
- serial electrophysiologic testing 135, 137 
- sudden death 1,4,102,209,297 
- sustained 287 
- transcoronary ablation 179 

Verapamil64 
Vulnerable myocardium 

- heart failure and antiarrhythmic treatment 
261 

- ventricular arrhythmias 4 
- ventricular fibrillation 2 

Vulm:rable period 71 

Weight 278 
Widening of QRS 102 
Wolff-Parkinson-White syndrome 

- athletes 88 
- sports-related cardiac arrest 95 
- sudden death 14 
- transcoronary chemical ablation 182 
- vulnerable myocardium 5 
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