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Preface

Therapy in cardiology has advanced enormously in recent years. This has
resulted in the organization of many meetings and the publication of numerous
books dedicated to examining the latest aspects of, for instance, pharmacolog-
ic, electrical and surgical treatment. However, only a few of these meetings
and publications have attempted to present an overall review of all advances
that have taken place in the field of therapy.

In the last years the Spanish Society of Cardiology has shown a great interest
in the continuous medical education in cardiology. The Society has organized
various meetings and has published several books on the above-mentioned
topics. Consequently, the Society has decided to publish this book, an update
of the therapeutics in cardiology, of which a Spanish version is also available.
World renowned experts and outstanding Spanish cardiologists were invited to
review all aspects of therapy in cardiology.

We would like to thank the Spanish Society of Cardiology and the Catalan
Cardiac Society for the generous assistance they have given us during all stages
of book preparation. We also would like to express our appreciation to all the
authors for their valuable contributions. Their combined efforts enable us to
put this volume in the hands of the reader.

The book covers all the advances that have been made in the treatment of
arrhythmias, arterial hypertension, heart failure, including terminal heart
failure with the possibility of heart transplantation, valvular diseases, tetralogy
of Fallot, as a representation of the progress made in the field of congenital
heart disease, and every aspect of ischemic heart disease. We are confident
that this book will help physicians to update their knowledge on therapeutic
aspects of cardiology, in which progress has been both rapid and spectacular.

The editors
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1. Severe Arrhythmias and Sudden Death



1.1 Introduction

PEDRO BRUGADA

Approximately every five minutes one sudden death occurs in the United
States. One sudden death takes place every half-hour in as small a country as
The Netherlands. If this prevalence of sudden death in industrialized countries
holds true as an average, four to five-thousand sudden deaths occur yearly in
the City of Barcelona and its surrounding area. But who are the victims?
Where, how, when and why?

Sudden death is a major plague of our western society. Its incidence is five
times higher than that of another abominable plague of our era: traffic acci-
dents caused directly or indirectly by intoxication with alcoholic beverages.
One person dies every twenty-three minutes under these circumstances in the
United States. The causes here are clear, however, and preventive measures
can be undertaken. But how may we prevent sudden death?

Sudden cardiac death is a multi-factorial problem. Although most sudden
deaths occur in patients with coronary artery disease, it also occurs in patients
with other or no structural heart diseases. Because of the variety of etiologies
and pathophysiologic mechanisms of sudden death, preventive measures will
have to vary accordingly. The most important remaining question is still,
however, how to identify high-risk candidates for sudden cardiac death. Once
identified, of course, adequate therapeutic measures should be undertaken to
prevent sudden death. A very different problem is whether this is justifiable at
a point in time when treatments designed to prevent (the first episode of)
sudden death are still under investigation. One should not forget that screen-
ing of unselected populations is likely to create disease because of the false
positive tests, and to increase patients’ and physicians’ stress if adequate
therapeutic measures cannot be undertaken once a true positive candidate has
been recognized. Also, whether it is financially possible to screen the general
populations is not only a monetary problem. Bayessian analysis has taught us
that most of our current tests will be inadequate in terms of predictive accuracy
when applied to populations with a low prevalence of the disease sought. Any
positive test, whether true of false, is likely to involve the patient in a cycle of
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diagnostic procedures in order to increase the security of the diagnosis. While
this might be adequate in high-risk and symptomatic populations, one wonders
how much disease would be created were the general population to be
screened.

Major questions remain, therefore, about the future steps that society will
have to undertake to have adequate diagnostic and therapeutic procedures to
prevent sudden cardiac death. These and other aspects of sudden cardiac
death will be discussed in this work. While we will be trying to increase our
understanding of this problem, however, by the time the following articles
have been read, thirty-six sudden deaths will have occurred in the United
States, six in the Netherlands and two in the City of Barcelona.



1.2 Influence of Circadian Rhythm on the
Electrophysiological Properties of the Human Heart

J. CINCA, A. MOYA, A. BARDAIJI and J. FIGUERAS

Introduction

Experimental studies in dogs [1-4] have demonstrated that electrical stim-
ulation of the sympathetic fibers of the heart accelerates intranodal conduc-
tion, shortens refractory periods and depresses the threshold for ventricular
fibrillation. Stimulation of the parasympathetic fibers has the opposite effect.
In the human being, few studies of this type are available. In a small series of
patients, lengthening of intranodal conduction after electrical stimulation of
the carotid sinus has been demonstrated [5]. In another series of patients, we
observed variations in the electrical properties of the heart after anesthesia of
the stellate ganglion [6].

Thus, fluctuations in neuro-vegetative tone that normally occur throughout
the day in the human being may be accompanied by parallel changes in the
electrical properties of the heart. The present study was designed to analyze
the variations in electrophysiologic parameters that might occur in a 24-hour
period. In the course of the study we developed a new technique for recording
the His potential at the bedside of the patient during 24 hours.

Method
Patients

The study included 10 patients (7 men and 3 women), aged 17 to 55, in whom
electrophysiologic study was indicated to ascertain the mechanism of tachycar-
dia in six cases and that of syncopal episodes in four cases. All the patients had
normal conduction intervals (AH<110msec and HV<45msec), a sinus re-
cuperation time of less than 1500 msec and no bundle branch block. The
patients presented normal nyctohemeral rhythm prior to the study.



Protocol

Once the basal study was completed according to the usual protocol [7], the

patient was transferred to a room with natural illumination and connected to a

polygraph (6-channel Elema Mingograf) and programmable stimulator (De-

vices LTD) that were located on the other side of a wall. The following
parameters were determined at 1-2 hour intervals:

1. RRinterval,

2. AH and HV intervals using a hexapolar electrocatheter that allowed simul-
taneous ventricular stimulation by the distal electrodes and recording of the
bundle of His potential by a pair of intermediate electrodes,

3. QT interval at a fixed atrial stimulation rate, with a recording speed of
100 mm/sec and double voltage [8],

4. sinus recovery time (SRT) at atrial stimulation (coronary sinus) rates of
100, 120 and 130 beats/min,

5. ventriculo-atrial conduction [9],

6. refractory periods of the atrium, AV node, right ventricle and Kent fibers,
and

7. axillary temperature.

Results are expressed as the percentage of change with respect to the maxi-

mum value of each parameter in the course of the study. The statistical

significance of the results was evaluated with the Student test for paired
samples.

Results

The endocavitary recordings remained stable throughout the study, as shown
in Fig. 1. The patients tolerated well the 10-15 electrophysiologic tests per-
formed in each of them. Body temperature showed a physiologic drop at
dawn.

Sinus function

Sinus rate, expressed as RR interval duration, slowed progressively as the
afternoon advanced, reaching a maximum at dawn (Fig. 2).

SRT at all three atrial stimulation rates was significantly lengthened
(p<0.01) in the period between 12.00 PM and 7.00 AM the next day, inde-
pendent of the sleep-vigil state of the patient (Fig. 1). SRT corrected for heart
rate (SRTc), obtained by subtracting the time length of the RR cycle previous
to stimulation from the SRT, was accompanied by a marked dispersion of the
results, which made the differences not significant.
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Fig. 1. Stability of the endocavitary recordings obtained at the patient’s bedside in 24 hours.
Representation of sinus recovery time (in msec) obtained sequentially at 11.00 AM (patient
awake), 7.00 PM, 12.00 PM (patient asleep) and at 10.00 AM the next day. V6 = V6 lead of the
conventional ECG; HBE = endocavitary lcad in the area of the bundle of His.

AV conduction intervals

The AH and HV intervals showed a mean variation of + 5.2% and + 4.9%,
respectively, in relation to the mean value of the group studied. However,
neither of the two showed a significant tendency in the course of the study.
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Fig. 2. Sequential changes of the sinus cycle (RR interval) in the course of 24 hours expressed as
the percentage of variation with respect to the maximum value obtained during the study. The
squares represent the mean value of all the cases and the bars correspond to the standard
deviation. The time is divided into 3 hour intervals. In the upper part of the figure the statistical
significance of the variations with respect to those obtained in the first study is shown (value 1).

Refractory periods and QT interval

The effective refractory periods of the atrium, AV node and right ventricle
were significantly prolonged between 12.00PM and 7.00 AM the next day
(Figs 3 and 4).

The QT interval measured at a fixed rate showed parallel changes to those of
the right ventricular refractory period, reaching significant lengthening at
dawn (Fig. 5).

Discussion

The most relevant results of our study are:

1. demonstration that at dawn there is a significant lengthening not only of
sinus cycle, but also of SRT, QT interval and the atrial, nodal and right
ventricular refractory periods,

2. quantification of the degree of spontaneous variation in the electrophysi-
ologic parameters, and
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Fig. 3. Sequential changes of the effective refractory period (ERP) of the atrium and right
ventricle (RV). Symbols as in Fig. 2.

3. description of a new technique that facilitates monitoring of the AH and
HV intervals at the patient’s bedside.
The nocturnal lengthening of the refractory periods could be due to an in-
crease in vagal tone, since experiments in animals have shown that selective
electrical stimulation of the vagus produces a slowing of the sinus rate [1, 2],
nodal conduction [2] and the refractory periods of the node [2] and right
ventricle [3]. In the human being, electrical stimulation of the carotid sinus has
similar effects on the sinus rate and nodal conduction [5]. To summarize, our
study would seem to indicate that the autonomic nervous system modulates
not only sinus function but nodal conduction and atrial and ventricular myo-
cardial refractoriness. The fluctuations in the electrical properties of these
structures may have an effect on the characteristics of the reciprocating tachy-
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Fig. 5. Sequential variation of the QT interval measured in leads I and II of the ECG.

cardias, and their electrical inducibility or spontaneous appearance may there-
fore change in the course of the day.

The fact that the variations in nodal refractoriness were more marked than
those observed in the conduction through this node (AH interval) is compara-
ble to the difference that appears in these two parameters after vagal stim-
ulation in dogs [10].

Application of our protocol probably did not significantly affect circadian
pacemakers since body temperature continued to conform to normal circadian
rhythm [11, 12]. Moreover, the sinus rate at night reached values similar to
those of healthy individuals who showed normal nyctehemeral rhythm [13].

The parallel observed between the variations of the QT interval and the
ventricular refractory period indicate that our technique for measurement of
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QT is adequate and that it is useful to detect variations in ventricular refracto-
riness induced by fluctuations in neuro-vegetative tone by conventional ECG.
The use of formulas to correct QT values for heart rate frequently leads to
inexact results [14, 15].

Correction of SRT for heart rate by simple subtraction produces a greater
dispersion of the results and loss of the statistical significance of the variation
of nocturnal SRT lengthening. The relation between SRT and sinus rate is
probably complex and cannot be expressed by a simple mathematical sub-
traction, requiring more complex formulas.

Our recording technique enables 24-hour monitoring of the electrophysi-
ologic parameters at the patient’s bedside and enabling a reduction of the
number of electrocatheters needed for electrophysiologic study since the
bundle of His potential can be recorded with the same catheter that stimulates
the right ventricle.

Summary

To study the variability of the electrophysiologic parameters commonly used
in cardiology, we made sequential determinations of these parameters at 1-2
hour intervals for 24 hours at the bedside of 10 patients with normal AV
conduction intervals and sinus function.

The study showed that the electrophysiologic properties of the human heart
are subject to circadian variations, characterized by significant slowing of the
sinus rate, sinus recuperation time, refractory periods of the atrium, AV node
and right ventricle, and the QT interval in the time period from 12.00 PM to
7.00 AM. The AH and HV conduction intervals can be adequately monitored
at the patient’s bedside.
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1.3 Sudden Arrhythmic Death — Picture of the
Possible Candidate

RONALD W.F. CAMPBELL

Introduction

Sudden arrhythmic death is not restricted to patients with coronary artery
disease. It is variably expressed in other pathological conditions including the
congenital long QT syndromes, aortic stenosis, cadiomyopathies, the pre-
excitation syndromes, and mitral valve prolapse. Moreover, there is a small
but important incidence in apparently normal individuals. Advances in diag-
nostic techniques and improved awareness of the risk of cardiovascular disease
have helped define patient groups who are particularly susceptible to the
complication of sudden arrhythmic death but, despite much effort, individual
risk prediction is poorly developed.

Acute myocardial infarction

The highest risk situation for sudden arrhythmic death is probably in the first
hours of acute myocardial infarction when there is a 20-30% incidence of
ventricular fibrillation. The risk of this complication falls exponentially with
time from the onset of symptoms [1]. Even in this relatively easily identified
and well researched patient group, defining individual susceptibility to ventric-
ular fibrillation has not proved practicable. Investigated factors have included
the size and site of myocardial infarction [2], catecholamine levels [3], the QT
interval [4], ventricular ectopic beat patterns [5-8], electrolyte levels [9] and
QRS features detected by signal averaging techniques [10]. Although many of
these features are associated with a modification of risk, none has proved of
sufficient sensitivity or specificity to identify individuals who will develop
ventricular fibrillation.

In acute myocardial infarction, the immediate prognosis of primary ventric-
ular fibrillation is good (although may be somewhat poorer than has been
believed in the past [11]) whilst that of secondary ventricular fibrillation is very
bad.
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Post acute myocardial infarction

Survivors of acute myocardial infarction are already a selected patient pop-

ulation. The overall mortality of acute myocardial infarction has remained

little changed by the advent of coronary care units and rescue squads perhaps
because the majority of deaths occur unnoticed or prior to the arrival of
medical help. Following myocardial infarction the average annual mortality is

4-9% [11]. The following features have been observed to be associated with an

increased risk of death:

a) Extensive coronary artery disease, particularly left main and three vessel
disease [12-14]. It is controversial whether proximal left anterior descend-
ing disease has particular significance.

b) Poor left ventricular function (whether global or related to an aneurysm)
and the size of the myocardial infarction [12-14]. These features may be
reflected in the acute phase of infarction by persisting sinus tachycardia or
left ventricular failure.

c¢) Late ventricular arrhythmias [14, 15].

d) Bundle branch block and axis shift particularly complicating anteroseptal
myocardial infarction [16, 17].

The late prognosis for patients who have survived myocardial infarction com-

plicated by primary ventricular fibrillation appears almost as good as that for

patients whose acute event was not so complicated [18] but the outlook

following secondary ventricular fibrillation is bad [19].

The value of antiarrhythmic drug therapy in reducing sudden death in
survivors of acute myocardial infarction has been investigated in detail [20]. To
date, there is no evidence that antiarrhythmic agents of the Vaughan Williams
classes I or IV can improve prognosis by reducing sudden arrhythmic death.
Indeed, it may be that such agents contribute to risk. A recent study has
defined that Class I agents were almost certainly responsible for a proportion
of out of hospital cardiac arrests [21].

B-adrenoreceptor blocking therapy has been shown to reduce mortality in
survivors of acute myocardial infarction [22-24], the effect probably being
applicable to both ‘high’ and ‘low’ risk populations. However, -adrenorecep-
tor blockers may be of restricted application in patients with left ventricular
dysfunction — a group particularly at risk.

Coronary artery disease (excluding AMI)

High risk sub-groups of patients with coronary artery disease can be identified.
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Angina pectoris

Patients with angina who have extensive coronary artery disease, particularly
left main disease [12], or who have impaired left ventricular function [25], or
show frequent ventricular ectopic beats [2], are at increased risk of sudden
death. The presence of these features can be relatively reliably inferred or
confirmed from non-invasive tests — stress testing, dynamic electrocardiogra-
phy, echocardiography and nuclear scintigraphy. At best, their detection
identifies a patient group with a 20-30% annual mortality (that is, seven times
that of unselected patients with angina pectoris).

It is unclear whether the severity of symptoms has any impact on prognosis.
Neither is it known whether the use of -adrenoreceptor blocking drugs in
these patients reduces mortality, as is the case for survivors of acute myocar-
dial infarction.

Survivors of out-of-hospital ventricular fibrillation

Data from out-of-hospital rescue squads has shown that patients surviving an
out-of-hospital cardiac arrest, and who do not suffer an acute myocardial
infarction, have a higher recurrence rate and associated poorer prognosis than
patients who sustain infarction [26-28]. The hypothesis is that in the former,
critical but reversible ischaemia creates the arrhythmia substrate which can be
reproduced in further future ischaemic episodes. Patients whose ischaemia is
sufficiently severe and long-lasting to produce permanent myocardial damage
create the substrate only once.

The optimal method of reducing the substantial one year mortality for these
patients is unknown. High dose antiarrhythmic therapy [29] may help but
surgery and anti-ischaemic medications probably play as important a role.

The congenital long QT syndromes

The congenital long QT syndromes are significantly associated with sudden
death [30]. A history of syncope (particularly at an early age), manifest
ventricular arrhythmias, marked QT prolongation on the Valsalva manoeuvre
and the use of management strategies other than (-blockers and surgery
identify high risk patients. Surgical management (stellate ganglionectomy) or
treatment with 3-blockers improves prognosis.
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Aortic stenosis

Sudden death is a long recognised complication of aortic stenosis [31] but there
has been much debate as to whether this was for mechanical or electrical
reasons. The latter seems most likely and is reflected in the fact that higher risk
sub-groups are those patients with ventricular arrhythmias on their electrocar-
diogram. However, patients with large transvalvular pressure differences are
also at increased risk of sudden death. There is no convincing evidence that
mortality in this condition can be reduced by antiarrhythmic therapy.

Mitral valve prolapse

Mitral valve prolapse is an extremely common cardiac condition. Sudden
arrhythmic death is a well recognised but relatively rare association [32]. The
presence of resting ECG abnormalities — ST and T wave changes and QT
prolongation — identifies a high risk group but this association is based on
investigation of highly selected patients and the finding may not be applicable
in other circumstances. So far, studies have been too small to better character-
ise the natural history of the condition. DCG and exercise stress testing is the
best way to observe the ventricular arrhythmias which probably underlie the
occasional event of sudden death. Antiarrhythmic therapy may be indicated
on an individual basis but there is no evidence to support its more general use
in an attempt to improve prognosis. The relation of the severity of symptoms
to prognosis is unknown.

Cardiomyopathies

Sudden arrhythmic death is an increasingly recognised complication of a
variety of cardiomyopathies, being associated with acute viral myocarditis
[33], hypertrophic cardiomyopathy [34-36] and dilated idiopathic forms [37].
In all types, the presence of ventricular arrhythmias appears to be associated
with an increased risk of sudden death. Very little is known regarding the risk
modification (whether increased or decreased) by the use of antiarrhythmic
therapy, but in patients with hypertrophic cardiomyopathy amiodarone may
reduce risk while other agents do not [36].

Patients on antiarrhythmic therapy

Until recently, sudden death in patients taking antiarrhythmic therapy has
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been viewed as failure of that therapy to control an underlying life-threatening
arrhythmia. Now there is increasing evidence that arrhythmogenesis — the
creation of new arrhythmias or the aggravation of existing arrhythmias by drug
therapy — may play an important part in causing sudden arrhythmic death.
Numerous reports have identified the arrhythmogenic potential of antiar-
rhythmic compounds [38-43], and all such drugs should be considered to have
this potential. Unfortunately, there are no good methods to predict arrhyth-
mogenicity. Invasive electrophysiology studies have helped most to identify
the problem but this time-consuming and resource-demanding technique is
applicable to only highly selected patient groups. It behoves us all to consider
this risk of antiarrhythmic therapy should prompt consideration of the wisdom
of prescribing for the control of relatively trivial arrhythmic events.

Apparently normal individuals

Sudden death in, apparently, normal individuals may be due to a variety of
causes but cardiac arrhythmias are probably responsible for the majority.
Most victims are not free of disease but have sub-clinical forms of coronary
artery disease, hypertrophic cardiomyopathy etc. Identifying those at partic-
ular risk within this population is not easy. The general risk factors for the
development of coronary artery disease — a family history, abnormal lipids,
hypertension etc — are helpful in large populations but are poor individual
predictors. Apparently normal individuals with high frequency ventricular
arrhythmias [44] appear to have an increased risk of cardiovascular events and
of sudden cardiac death. The relative risk ratio may be no more than one and a
half to three times that of truly normal individuals. Whether low frequency
ventricular arrhythmias have a similar but lesser role is unknown and, even if
proven, probably would be of little clinical relevance [45].

Conclusions

Were it available, accurate individual risk prediction of sudden arrhythmic
death would have important consequences for clinical practice. However,
apart from certain unusual circumstances, risk assessment for patients is very
restricted and, for the present, applicable only to patient groups. In most
pathological conditions, the severity of disease correlates well with prognosis
but there remain many incidents of sudden arrhythmic death in patients with
trivial disease. Natural history studies which are difficult to undertake and
have little of the glamour of interventional research, are badly needed if risk
prediction is to be refined. In addition, we must better assess the contribution
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of drug therapy to sudden arrhythmic death; more harm than good may be
done when antiarrhythmic therapy is prescribed.

References

1. Adgey AAJ, Allen JD, Geddes JS, James RGG, Webb SW, Zaida SA, Pantridge JF: Acute
phase of myocardial infarction. Lancet 1971; 2: 501-504.

2. Bigger JT, Dresdale RJ, Heissenbuttal RH, Weld FM, Wit AL: Ventricular arrhythmias in
ischaemic heart disease: Mechanism, prevalence, significance and management. Prog Cardio-
vasc Dis 1977; 4: 255-299.

3. Opie LH: Metabolism of frec fatty acids, glucose and catecholamines in acute myocardial
infarction. Am J Cardiol 1973; 36: 938-953.

4. Ahnve S, Lundman T, Shoaleh-Var M: The relationship between QT interval and ventricular
arrhythmias in acute myocardial infarction. Acta Med Scand 1978; 204: 17-19.

S. Lown B, Fakhro AM, Hood WB, Thorn GW: The coronary care unit. New perspectives and
directions. J Am Med Ass 1967; 199: 188-198.

6. Lie KI, Wellens HJJ, Downar E, Durrer D: Observations on patients with primary ventric-
ular fibrillation complicating acute myocardial infarction. Circulation 1975; 52: 755-759.

7. El-Sherif N, Myerburg PJ, Scherlag BJ, Befeler B, Aranda JM, Castellanos A, Lazzara R:
Electrocardiographic antecedents of primary ventricular fibrillation. Br Heart J 1976; 38:
415-422.

8. Campbell RWF, Murray A, Julian DG: Ventricular arrhythmias in first 12 hours of acute
myocardial infarction. Natural history study. Br Heart J 1981; 46: 351-357.

9. Dyckner T, Helmers C, Lundman T, Webster PO: Initial serum potassium level in relation to
early complications and prognosis in patients with acute myocardial infarction. Acta Med
Scand 1975; 197: 207-210.

10. Kertes PJ, Glabus M, Murray A, Julian DG, Campbell RWF: Delayed ventricular depolar-
isation-correlation with ventricular activation and relevance to ventricular fibrillation in acute
myocardial infarction. Eur Heart J 1984; 5: 974-983.

11. Kertes P, Hunt D: Prophylaxis of primary ventricular fibrillation in acute myocardial in-
farction. The case against lignocaine. Br Heart J 1984; 52: 241-247.

12. Humphries JO: Expected course of patients with coronary artery disease. In Rahimtoola SH
(ed) Coronary artery bypass surgery. Philadelphia. FA Davis Co 1977, pp 340-352.

13. Sanz G, Castaner A, Betriu A, Magrina J, Roig E, Coll S, diol Pare JC, Navarro-Lépez F:
Determinants of prognosis in survivors of myocardial infarction. N Engl J Med 1982; 306:
1065-1070.

14. Multicenter Postinfarction Research Group: Risk stratification and survival after myocardial
infarction. New Engl J Med 1983; 309: 331-336.

15. Moss AJ: Clinical significance of ventricular arrhythmias in patients with and without coro-
nary artery disease. Prog Cardiovasc Dis 1980; 23: 33-52.

16. 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 Cardiol 1978; 41: 674-677.

17. 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; 49: 1581-1585.

18. Geddes JS, Adgey AAJ, Pantridge JF: Prognosis after recovery from ventricular fibrillation
complicating ischaemic heart disease. Lancet 1969; 2: 273-275.

19. Goldberg R, Szklo M, Kennedy H, Tonascia J: Short and long-term prognosis of myocardial



20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

33.

34.

35.

36.

37.
38.

39.

40.

19

infarction complicated by ventricular fibrillation or cardiac arrest (Abstract). Circulation
1978; 58 (Suppl 2): 89.

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:
331-352.

Ruskin JN, McGovern B, Garan H, DiMarco JP, Kelly E: Antiarrhythmic drugs: a possible
cause of out-of-hospital cardiac arrest. N Engl Med J 1983; 309: 1302-1306.

The Norwegian Multicenter Study Group: Timolol-induced reduction in mortality and rein-
farction in patients surviving acute myocardial infarction. New Engl J Med 1981; 304:
801-807.

B-Blocker Heart Attack Trial Research Group: A randomized trial of propranalol in patients
with acute myocardial infarction. JAMA 1982; 247: 1707-1714.

Hjalmarson A, Herlitz J, Malek I, Ryden L, Vedin A, Waldenstrom A, Wedel H, Elmfeldt
D, Holmberg S, Nyberg G, Swedberg K, Waagstecin F, Waldenstrom J, Wilhelmsen L,
Wilhelmsson C: Effect on mortality of metropolol in acute myocardial infarction. A double
blind randomized trial. Lancet 1981; 2: 823-827.

Kannel WB, Feinleib M: Natural history of angina pectoris in the Framingham study.
Prognosis and survival. Am J Cardiol 1972; 29: 154.

Ruskin JN, DiMarco JP, Garan H: Out-of-hospital cardiac arrest. N Engl J] Med 1980; 30:
607-613.

Liberthson RR, Nagel EL, Hirschman JC, Nussenfeld SR, Blackbourne BD, Davis JH:
Pathophysiologic observations in prehospital ventricular fibrillation and sudden cardiac
death. Circulation 1974; 49: 790-798.

Cobb LA, Werner JA, Trobaugh GB: Sudden cardiac death. Mod Con Cardiovasc Dis 1980;
49: 37-42.

Castellanos A: Antitthythmic drug therapy in survivors of pre-hospital cardiac arrest: com-
parison of effects on chronic ventricular arrhythmias and recurrent cardiac arrest. Circulation
1979; 59: 855-863.

Schwartz PJ: The idiopathic long QT syndrome. The need for a prospective registry. Eur
Heart J 1983; 4: 529-531.

Chizner MA, Pearle DL, DeLeon AC: The natural history of aortic stenosis in adults. Am
Heart J 1980: 99: 419424,

Campbell RWF, Godman MJ, Fiddler GI, Marquis RMM, Julian DG: Ventricular arrhyth-
mias in syndrome of balloon deformity of mitral valve. Definition of possible high risk group.
Br Heart J 1976; 38: 1053-1057.

Fiddler GI, Campbell RWF, Pottage A, Godman MJ: Varicella myocarditis presenting with
unusual ventricular arrhythmias. Br Heart J 1977; 39: 1150-1153.

Maron BJ, Savage DD, Wolfson JK, Epstein SE: Prognostic significance of 24 hour ambula-
tory electrocardiographic monitoring in patients with hypertrophic cardiomyopathy: a pro-
spective study. Am J Cardiol 1981; 48: 252-257.

McKenna W, England D, Doi YL, Deanfield JE, Oakley CM, Goodwin JF: Arrhythmia in
hypertrophic cardiomyopathy: I Influence on prognosis. Br Heart J 1981; 46: 168-172.
McKenna WJ: Arrhythmia and prognosis in hypertrophic cardiomyopathy. Eur Heart J 1983;
4 (Suppl F): 225-234.

Webb Peploe M: Dilated cardiomyopathy. Eur Heart J 1984; 5 (Suppl A): 161-164.
Winkle RA, Mason JW, Griffin JC, Ross D: Malignant ventricular tachyarrhythmias associ-
ated with the use of encainide. Am Heart J 1981; 102: 854-864.

Nicholson MR, Campbell RWF, Julian DG: Ventricular tachycardia-management with
encainide (Abstract). Circulation 1981; 64: 37.

Kenelly BM: Comparison of lidoflazine and quinidine in prophylactic treatment of arrhyth-
mia. Br Heart J 1977; 39: 540-546.



20

41.

42.

43.

44.

45.

Denes P, Gabster A, Huang SK: Clinical, electrocardiographic and follow-up observations in
patients having ventricular fibrillation during Holter monitoring. Role of quinidine therapy.
Am J Cardiol 1981, 48: 9-16.

McGovern B, Garan H, Kelly, Ruskin JN: Adverse reactions during treatment with amioda-
rone hydrochloride. Br Med J 1983; 287: 175-180.

Nathan AW, Hellestrand KJ, Bexton RS, Banim SO, Spurrell RAJ, Camm AJ: Proarrhyth-
mic effect of the new antiarrhythmic agent flecainide acetate. Am Heart J 1984;107: 222-228.
Cullen K, Stenhouse NS, Wearne KL, Cumpston GN: Electrocardiographic and 13 year
cardiovascular mortality in Bussleton study. Br Heart J 1982; 47: 209-212.

Campbell RWF: Ventricular ectopic activity and its relevance to aircrew licencing. Eur Heart
J 1984; 5 (Suppl A): 95-98.



1.4 Sudden Death in Cardiomyopathies

F. GARCIA COSIO and J. PALACIOS MARTINEZ

Introduction

Sudden death has traditionally been considered a sign of fury of the gods and a
reason for meditation, although, in another light, it could also be seen as the
death for the virtuous. It is a tragic and final event that, like many other
biological phenomena, modern medicine has not ceased to analyze with the
curious and bold gaze that has paved the way for so many therapeutic ad-
vances. Nowadays, sudden death (SD) translates in the mind of the physician
into an abrupt cessation of cardiac function, generally due to arrhythmia.

Inrecent years, the instruments that the engineers have placed at the service
of cardiology have permitted an increasingly more extensive study of the
mechanisms involved in the cardiac arrhythmias and SD. First, the mecha-
nisms of cardiac arrest were studied in patients in coronary units, resulting in
their successful treatment. The next step was the creation of mobile ther-
apeutic units, that take the reanimation measures used in the hospital to the
patients out of hospital, thus enabling recovery of considerable number of
patients with cardiac arrest [1, 2].

However, the most important efforts have been directed toward prevention.
The means to detect patients likely to suffer fatal arrhythmia are being sought,
mainly by prolonged ambulatory monitoring of the cardiac rhythm [3] and
electrophysiologic study of how the arrhythmias are precipitated by pro-
grammed cardiac stimulation [4, 5]. The most common cause of SD in the
industrialized countries is undoubtedly coronary disease, and most of the data
accumulated are from this selected group of patients. It is therefore important
toremember that there are certain circumstances peculiar to coronary disease,
such as the complication of stable causes of arrhythmia, scar tissue or transito-
ry ischemic phenomena that make such observations on SD in coronary
disease not necessarily applicable to patients with cardiomyopathies.

Most cases of SD recorded with the Holter method [6-9] or by mobile units
[2] show ventricular fibrillation; nonetheless, some patients display asystolia,
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which seems to have a worse prognosis [2]. In coronary atherosclerosis, a large
amount of data have been accumulated that relate SD with repetitive ventric-
ular arrhythmias detected by the Holter system. Most of the information on
the problem of SD in the cardiomyopathies is in this line of possibilities.

The cardiomyopathies have recently been reclassified [10], but the existence
of such a structured classification should not cause us to forget that there are
still many unanswered questions in this field. For instance, an apparently well
defined group, such as that of the dilated cardiomyopathies (DCM), probably
includes a variety of processes with similar functional repercussions on the
myocardium. Nonetheless, since the concept of DCM has evidently been
accepted, we will limit ourselves to reviewing the available information on
factors predisposing to SD in this syndrome.

Hypertrophic cardiomyopathy (HCM) has been extensively studied, prob-
ably because definition of its hemodynamic and echocardiographic features
has made its detection and the compilation of numerous experiences easier.
We will analyze HCM separately because its peculiarities make it difficult to
compare with other types of cardiomyopathy.

The data available on other types of cardiomyopathy and specific myocar-
dial diseases are not sufficient for an accurate analysis to be made as in DCM
and HCM, and will not be considered.

Sudden death in dilated cardiomyopathy

Fifty per cent of the deaths that occur in this syndrome are sudden [11],
presumably arrhythmic. We know of no studies that offer an anatomo-
electrophysiologic correlation to explain the pathogenesis of arrhythmias in
DCM, but it seems theoretically acceptable that the diseased myocardial fibers
would have abnormal electrophysiologic properties which may include in-
creased dispersion of the refractory periods, slow conduction of early impuls-
es, or abnormal automaticity. Moreover, the dilated myocardium may be
subject to abnormal pressures and, possibly, an inadequate blood supply
[12-14] that could contribute to the appearance of electrophysiologic ab-
normalities. In fact, an association between the degree of impairment of left
ventricular mechanical function and the incidence of ventricular arrhythmias
has been observed in DCM [15, 16].

Three recent studies have analyzed the relationship between chronic repeti-
tive ventricular arrhythmias and SD in DCM. The studies of Von Olhausen et
al. [15] and Huang et al. [17] could not establish a correlation, but in that of
Meinertz et al. [16] this relation was evident. Methodologic analysis of these
communications clarifies the possible causes of the discrepancy. In the first
two studies, the number of sudden deaths registered is small, making detection
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of the possible relation difficult. Moreover, the patients with severe ventric-
ular arrhythmias received antiarrhythmic treatment, thus modifying the nat-
ural history of the group. On the contrary, the study by Meinertz et al. [16]
included a larger number of patients who were followed up clinically and there
was no pharmacologic intervention in the arrhythmias recorded. In this group,
it was observed that 75% of the cases of SD had had 20 episodes or more of
paired extrasystoles or of ventricular tachycardia runs daily, a figure not
reached by any who died from heart failure. The presence of serious impair-
ment of the mechanical function was also a significant factor, since only
patients with a left ventricular ejection fraction of less than 40% died, and in
83% of cases only repetitive ventricular arrhythmias with important hemody-
namic depression was predictive of sudden death.

The presence of chronic ventricular arrhythmias therefore seems to be an
indicator of cardiac rhythm instability, but it is evident that an important
number of SD are not predictable on the basis of this single datum. Does this
mean that Holter studies should be repeated more frequently? In principle, it
would seem advisable to study patients with serious hemodynamic involve-
ment several times a year. However, it should be kept in mind that SD may be
due to asystolia, atrioventricular block (AV) or rapid supraventricular ar-
rhythmias, without disregard to the emboligenic potential of DCM, especially
in the presence of atrial fibrillation [11, 18].

Can the natural course of the disease be altered by suppresion of these
arrhythmias? There is no definite answer to this question, but we follow the
recommendations of Graboys et al. [19], who apparently have managed to
prevent sudden death by pharmacologic suppression of repetitive ventricular
arrhythmias with aggressive treatment.

With what periodicity should Holter study be repeated in these patients?
Studies should undoubtedly be weekly or biweekly when drugs or dosages are
being changed in order to help find the ideal regimen. However, we do not
have precise information on the evolution of arrhythmias with treatment
which would allow us to establish specific recommendations for follow-up.
Probably, control every three or six months would be sufficient if the patient’s
clinical course remains stable.

When a patient with DCM has sustained ventricular tachycardia, or it is
demonstrated in a pharmacologic study after cardiac arrest, drug treatment
should rely on chronic suppression tests of tachycardia induced by pro-
grammed cardiac stimulation [20].

Sudden death in hypertrophic cardiomyopathy

In HCM 60% or more of deaths are sudden. The intrinsic drama of the event is
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compounded by the fact that many patients are young and asymptomatic, and
some are even athletes [21]. The natural history of this disease has been
thoroughly studied by the groups of Bethesda and London [22, 23], and even
before studies had been made of the incidence of arrhythmias family groups
with special malignancy and a greater tendency to SD were defined [23, 24].

Obstruction of the left ventricular outflow tract was initially considered a
key factor in the disease and it was thought that changes in the degree of
obstruction could account for syncope and SD. At the end of the 70s, Holter
studies demonstrated that there is a high incidence of arrhythmias in HCM,
unrelated to the degree of obstruction [25-27]. Finally, a relation between
repetitive ventricular arrhythmias and sudden death was demonstrated
[28, 29].

The mechanism implicated in the ventricular arrhythmias may be related to
the anatomic disposition of the muscle fibers or to the presence of macroscopic
cracks in muscular masses [30], but there could also be electrophysiologic
abnormalities peculiar to the myocardium of these hearts [31, 32]. On the
other hand, myocardial blood flow is deficient in HCM, and ischemia may be
another cause of ventricular arrhythmias [14, 33]. Some patients show areas of
myocardial infarction where ventricular arrhythmias might originate [34].

Then again, not all cases of SD in HCM can be predicted from the presence
of ventricular arrhythmia. Other arrhythmias are frequent, such as sinus
bradycardia, atrial fibrillation and AV reentrant tachycardia [25-27]. Given
the abnormal characteristics of the myocardium, with its impaired distensibil-
ity that makes ventricular filling difficult, it is possible that arrhythmias that in
other circumstances would be well tolerated could have serious or fatal conse-
quences in HCM [35].

For this reason, it is interesting to reconsider a study by James that describes
the state of the cardiac conduction tissue in 22 patients with HCM who died
suddenly [30]. In 12 cases there were sinus node lesions consistent in fibrosis,
fatty degeneration or vascular obstruction, in 7 of them severe or massive. The
AV node was abnormal in most cases, with predominance of a pattern of
fragmentation and dispersion of the nodal tissue similar to the fetal structure.
In 3 cases there were cysts or lacunae. The bundle of His was abnormal in more
than half of the cases, with conspicuous focal fibrosis in the trunk or branches
in 6, reduced trunk diameter in 3, a disperse, fetal type structure in 3 and cysts
in 2 patients. Anomalous connections were also found between AV node and
septal myocardium. Confronted with this accumulation of abnormalities,
James theorized that the arrhythmia mechanism in HCM may be varied and
that electrophysiologic studies of these patients should reveal frequent ab-
normalities.

In our laboratory, we studied 12 patients with HCM using clinical electro-
physiology techniques for evaluation of AV conduction and sinus automaticity
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(the findings in the first 10 cases were the object of a previous publication [36]).
The patients were part of a prospective HCM study and were not selected on
the basis of the incidence of arrhythmia or arrhythmia-related symptoms
(Table 1). We only excluded patients with serious hemodynamic impairment
which could have been associated to poor tolerance to programmed cardiac
stimulation.

The findings were surprising (Table 2). There were signs of sinus dys-
function in 3 cases, double nodal pathways in 3 and bifascicular block in 3
patients (2 of whom developed progressive prolongation of the HV interval
with atrial stimulation, culminating in second degree block at high frequen-
cies). Three patients showed an increase in AV node conduction that, although
limited by HV block in 2 cases, produced a 1:1 AV conduction with an atrial
rate of 250/min in the third. One patient had an anomalous left AV connection
that only conducted retrogradely and which was responsible for the AV
reentrant tachycardias. The study was completely normal in one case. Al-
though some of the anomalies detected undoubtedly have little significance as
isolated findings, in the group considered as a whole they are striking and
suggest the existence of a correlation with James’ [30, 36] anatomic findings.

A reexamination of the arrhythmias detected in HCM confirms the supposi-
tion that the arrhythmogenic mechanisms involved in this disease are complex.
In 33 cases studied in our service, for which we had at least one 24-hour Holter

Table 1. Clinical data of 12 patients with hypertrophic cardiomyopathy and results of electrophysi-
ologic studies.

Casc Age Sex Angina Palpitation  Syncope Obstruction Clinical
arrhythmias

1 18 M - - + - Atrial fib.

2 30 M + - - - -

3 25 M + - - - -

4 31 F - - - P -

S 9 F + - + P -

6 51 M + - - B -

7 30 M + + + P Sustained
ventr. tachy.

8 30 M + + + P Reentrant AV
tachycardia

9 23 F + + - B -

10 33 M - - - B -

11 35 F - - - - -

12 63 F + - - B -

P: on provocation.
B: basal.
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recording in 30, aside from the increased incidence of repetitive ventricular
arrhythmias (Table 3), we found noteworthy that of the atrial arrhythmias.
Although it has been reported by other authors [25-27], the fact generally
receives less comment than the ventricular arrhythmias. The presence of high
ventricular rates during atrial tachyarrhythmia would be poorly tolerated in
HCM, and these rates could become very high if atrial fibrillation, which is
frequent, were to be associated with a superconductive AV node, a fetal
feature commonly observed in our electrophysiologic studies. In cases of
superconductive AV node, not only does poor hemodynamic tolerance have to
be considered, but also the possible production of serious ventricular arrhyth-
mias [37]. If we also take into account the increased incidence of embolism in

Table 2. Electrophysiologic findings related to sinus function and AV conduction in 12 cases of
hypertrophic cardiomyopathy.

Secondary pauses in SRT 3

Double antegrade nodal pathway

Basal HV of more than 55 msec

Progressive prolongation of HV and second degree
HV block with atrial stimulation

Superconductive AV node

o wave and short PR

o wave and normal PR

Antegrade preexcitation

Exclusively retrograde Kent bundle (QRS if & wave)

No anomaly

W

—_ = O N = W N

Table 3. Incidence of arrhythmia in 33 cases of hypertrophic cardiomyopathy (clinical manifes-
tations and Holter recordings).

Bradycardia or sinus pauses 2
Nonsustained atrial tachycardia 12
Paroxysmal atrial fibrillation
Sustained atrial fibrillation
Ventricular extrasystoles
Monomorphic, less than 30/hour
Monomorphic, more than 30/hour
Multiform
Paired
Runs of 3 or more
Sustained ventricular tachycardia
Sustained AV reentrant tachycardia

[= 3]

e LY I~V S o)

Systemic embolism in patients with paroxysmal
or sustained atrial fibrillation S
Fatal embolisms 2
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HCM with atrial fibrillation [21-23], confirmed in our cases, we must inevi-
tably consider that atrial fibrillation may have a role in the incidence of SD in
HCM.

In the experience of some authors [26, 38|, sinus bradycardia has important
consequences, requiring pacemaker implantation in some patients. We had
this experience in one case. It should also be considered that sinus bradycardia
with AV dissociation is a common cause of intolerance to verapamil treatment
in HCM [39], which may be related to the prevalence of subclinical sinus
dysfunction we detected. Finally, the potential that bradycardia has for facil-
itating ventricular arrhythmias in predisposed subjects is well known [40]. This
effect may have appeared in one of our patients (case 1, Table 1) who had
subclinical sinus dysfunction and suffered an episode of ventricular fibrilla-
tion.

Although the incidence of heart block in HCM does not seem to be very
high, bundle branch block patterns are often observed and advanced AV block
has been reported [38, 41]. AV block is likely to be a potential cause of SD, but
the arrhythmic associations can be complex. In one of our cases (case 7, Table
1), the patient had bifascicular block and developed second degree HV block
during atrial stimulation; however, the patient’s syncopal episodes were due to
sustained ventricular tachycardia that was controlled for 8 years by anti-
arrhythmic treatment.

Reentrant AV tachycardias are common in HCM and their origin may be
intranodal or due to anomalous AV fibers [35, 36, 38, 42]. The resulting rapid
rates may cause syncope (case 8, Table 1), and, possibly, SD [35]. In this
respect, it is interesting to remember that ventricular preexcitation is impos-
sible to diagnose unequivocally in HCM using only the electrocardiogram
because these patients can have 8 waves, with or without short PR, in the
absence of antegrade preexcitation [35, 38, 43]. These & waves would be due to
the intraventricular conduction disorders characteristic of this disease.

In summary, the ventricular arrhythmias are common in HCM, and the
repetitive forms are associated with an increased incidence of SD, but there
may be other arrhythmogenic mechanisms that contribute to the production of
fatal arrhythmias. The treatment of arrhythmias in HCM should always be
based on Holter recordings, not only to detect repetitive ventricular arrhyth-
mias, but also atrial and atrioventricular arrhythmias, bradycardia and AV
block. In particular, bradycardia can be precipitated by treatment with beta-
blocking agents or verapamil and may require implantation of a pacemaker.

Nonsustained ventricular arrhythmias detected by Holter ECG should be
treated with antiarrhythmic drugs, following the indications of Graboys et al.
[19] and lending due attention to the possible appearance of bradyarrhythmia
as a side effect. In cases of sustained ventricular tachycardia, the best tactic is
probably to characterize the arrhythmia by means of programmed cardiac
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stimulation and serial pharmacologic suppression tests of the arrhythmia [20].
Another alternative may be treatment with high doses of amiodarone, without
considering its effects on the precipitability of the arrhythmia, which does not
seem to have any relationship with the drug’s prophylactic effectiveness
[44, 45]).

A recently published study by McKenna et al. [46] poses new questions: one
of the authors’” HCM patients had an episode of syncope with undetectable
arterial pulse, but the electrocardiogram disclosed simple sinus tachycardia.
With this in mind, we should not overlook the possible role of hemodynamic
factors (abrupt increase in obstruction, sudden decline in distensibility or
contractility) in the pathogenesis of SD in HCM.
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1.5 Sudden Death in the Wolff-Parkinson-White
Syndrome

HEIN J.J. WELLENS and PEDRO BRUGADA

Sudden death may occur in the young patient with the Wolff-Parkinson-White
syndrome [1-16]. The purpose of this article is to discuss the mode of sudden
death, the recognition of the possible candidate and the prevention of such an
event.

Mode of sudden death

In the human heart the refractory period of the AV node protects the ventricle
against very high rate supraventricular rhythms. In the presence of an accesso-
ry atrio-ventricular (AV) pathway the ventricular rate during supraventricular
rhythms not only depends on the refractory period of the AV node but also on
the refractory period of the accessory AV pathway. If the refractory period of
the latter is very short atrial flutter and atrial fibrillation can become life-
threatening arrhythmias. Indeed, in patients with the Wolff-Parkinson-White
syndrome deterioration of atrial fibrillation to ventricular fibrillation has been
reported [1, 8, 10, 12, 16]. As shown in Table 1 several factors determine the
ventricular rate during atrial fibrillation.

An important role is played by the duration of the refractory period of the
accessory AV pathway. Three groups of investigators [17-19] found a correla-
tion between the duration of the refractory period of the accessory AV path-
way and the ventricular rate during atrial fibrillation. There was an excellent
correlation between the shortest R-R interval during atrial fibrillation and the
duration of the refractory period of the accessory pathway [18, 19]. Theoret-
ically therefore the most dependable way to identify the high risk patient with
the WPW-syndrome would be the determination of the duration of the an-
tegrade refractory period of the accessory pathway during programmed elec-
trical stimulation of the heart. Because the duration of the refractory period of
the accessory pathway might shorten on increasing heart rate several atrial
pacing rates should be used during the study. This should preferable be
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followed by the induction of atrial fibrillation to ascertain the ventricular rate
during this arrhythmia. Also, because the refractory period of the accessory
pathway may shorten by sympathomimetic stimulation as occurs during exer-
cise or isoprenaline administration [20] the antegrade refractory period of the
accessory pathway should be determined under these circumstances. While
the determination of the antegrade refractory period of the accessory pathway
during programmed stimulation of the heart is an excellent method to recog-
nize the high risk patient there are exceptions to this rule. As recently reported
by our group [21] in the patient with atrial fibrillation and a relatively long
antegrade refractory period of the accessory pathway the ventricular rate may
be much higher than expected because of re-entry in the bundle branch system
following ventricular activation over the accessory pathway. This reentry
mechanism may result in a new QRS-complex with a short coupling interval. If
this occurs frequently the ventricular rate during atrial fibrillation may be
much higher than suspected from atrio-ventricular conduction over the acces-
sory pathway alone.

It should be stressed however, that in general a good correlation exists be-
tween the antegrade refractory period of the accessory pathway and the
ventricular rate during atrial fibrillation. As pointed out by Klein et al. [10] all
25 patients developing ventricular fibrillation during atrial fibrillation showed
the shortest R-R interval to be 250 msec or less. The same authors showed that
apart from a very short R-R interval during atrial fibrillation, a history of both
atrial fibrillation and reciprocal tachycardia and the presence of multiple

Table 1. Factors determining ventricular rate during atrial fibrillation in Wolff-Parkinson-White
syndrome.

Accessory pathway

1. Refractory period.

2. Input, transmission and output characteristics which are influenced by the width, length and
type of tissue of the accessory pathway.

3. Concealed conduction:
— in atrio-ventricular direction,
- in ventriculo-atrial direction.

4. Reentry.

Atrio-ventricular nodal pathway

1. Refractory period.

2. Input, transmission and output characteristics.
3. Concealed conduction.

4. Reentry.

Ventricle.
1. Refractory period.
2. Intramural or bundle branch reentry.
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accessory pathways were helpful in identifying the patient prone to the devel-
opment of ventricular fibrillation. It is of importance that several of them were
receiving digitalis at the time of occurrence of their ominous arrhythmia. In
our own experience ventricular fibrillation usually develops during exercise or
anxiety, indicating that additional sympathomimetically-induced shortening
of the antegrade refractory period of the accessory pathway leads to very high
ventricular rates during atrial fibrillation resulting in ventricular fibrillation.

Recognition of the high risk patient

Because sudden death can be the first manifestation of the WPW syndrome [7,

9] information as to the duration of the antegrade refractory period of the

accessory pathway is of importance in the asymptomatic patient. The follow-

ing three findings point to a relatively long refractory period:

1. Intermittent preexcitation: in our experience patients showing intermittent
AV conduction over their accessory pathway never have a short refractory
period of this structure in antegrade direction.

2. The ajmaline or procainamide test: we have demonstrated that failure to
produce complete block in the accessory pathway in antegrade direction by
the intravenous injection of 50 mg ajmaline given over a three minute
period indicates as antegrade refractory period of the accessory pathway of
270 msec or less [22] (see Table 2). The same was found after the in-
travenous administration of procainamide [23] when 10 mg/kg bodyweight
was injected over a S minute period. Complete antegrade block occurred in
the accessory pathway when the refractory period was 270 msec or longer.

3. The effect of exercise: Levy et al. [24] showed that the development of
complete block in the accessory pathway during exercise corresponded to a
relatively long antegrade refractory period of the accessory pathway. On
using this test, however, one should realize that exercise shortens conduc-
tion time through the AV node thereby increasing the degree of ventricular

Table 2. Effect of 50 mg ajmaline given intravenously in relation to the length of the antegrade
refractory period of the accessory pathway in 100 consecutive patients with the WPW-syndrome.

Antegrade block in AP

+ p—
ERP AP>270 msec 43/47 4/47
ERP AP=270msec 8/53 45/53

Abbreviations: ERP = effective refractory period; AP = accessory pathway.
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Fig. 1. Atrialfibrillation in a patient with a left-sided accessory pathway. The rapid ventricular rate
is the consequence of the short antegrade refractory period of the accessory pathway.

Fig. 2. The same patient duringsinus rhythm. Note that little contribution to ventricular activation
occurs from atrio-ventricular conduction over this left-sided accessory pathway.
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excitation over the AV node-His axis. Especially in left laterally located
accessory pathways this may falsely give the impression of antegrade block
in the accessory pathway.
The degree of preexcitation during sinus rhythm has no predictive value as to
the length of the refractory period of the accessory pathway. This is an
important point because as shown in Figs 1 and 2 patients with little evidence of
preexcitation during sinus rhythm may have life-threatening ventricular rates
during atrial fibrillation.

Prevention of sudden death

Since the mode of death unique to the WPW-patient is based on the presence
of an accessory pathway with a short refractory period, the most logical form of
therapy would be the administration of an agent that would lengthen the
duration of the refractory period of the accessory pathway. Previously we have
reported on the relation between the initial length of the refractory period of
the accessory pathway and the effect of drugs [25]. It was found that patients
with an antegrade refractory period equal to or more than 270 msec responded
to administration of quinidine, procainamide, ajmaline and amiodarone by
marked prolongation of the antegrade refractory period of their accessory
pathway. Of importance, however, in relation to the treatment of the WPW-
patient at risk was the observation of no or only slight lengthening of the
antegrade refractory period of the accessory pathway following the adminis-
tration of these drugs when the duration of the antegrade refractory period of
the accessory pathway was less than 270 msec. In the latter group of patients,
of the drugs investigated, amiodarone gave the greatest amount of lengthening
of the duration of the antegrade refractory period of the accessory pathway.
We also found that the effect of chronic oral amiodarone administration could
be predicted from the results of the ajmaline or procainamide test [26]. Those
data indicate that the effect of most antiarrhythmic drugs on the duration of
the antegrade refractory period of the accessory pathway is least in patients
who are most in need of prolongation of the refractory period of that structure.
With some of the newer drugs like lorcainide and encainide the relation
between the initial duration of the antegrade refractory period of the accessory
pathway and the effect of the drug is however less clear [27, 28].

The symptomatic patient
In the WPW-patient with documented ventricular fibrillation or atrial fibrilla-

tion with high ventricular rates surgical interruption of the accessory pathway
should be considered. As pointed out by Gallagher et al. [29] this can be done
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with excellent results. We study the effect of Amiodarone on the antegrade
refractory period of the accessory pathway only in the patient with a septal
location of the bypass. The duration of the refractory period of the accessory
pathway and the ventricular response to electrically induced atrial fibrillation
are determined before and after at least 28 days of chronic oral administration
of amiodarone. Since the effect of amiodarone on the duration of the refracto-
ry period of the accessory pathway may be individually different, we insist
upon a study with and without amiodarone in the symptomatic patient. If in
the patient with a septally located bypass the results of amiodarone therapy are
unsatisfactory we refer the patient for surgical interruption of the accessory
pathway.

The asymptomatic patient

As described, intermittent preexcitation, the production of AV block in the
accessory pathway by ajmaline or procainamide and possibly the disappear-
ance of preexcitation on exercise identify the patient with WPW not at risk for
sudden death in case of atrial fibrillation. If the WPW electrocardiogram is
repeatedly present and antegrade conduction over the accessory pathway
cannot be blocked by ajmaline, we determine the duration of the refractory
period of the accessory pathway during a programmed stimulation study. In
the asymptomatic patient with a short refractory period of the accessory
pathway we do not routinely prescribe amiodarone because of the side effects
of the drug. These patients are being followed to get better knowledge about
the natural history of this subgroup of patients. Such knowledge should inform
on the real danger of sudden death in the patient with an accessory pathway
and a short refractory period, and thus provide a more realistic basis for
treatment.
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1.6 Conclusions

C. RIBEIRD

The study and treatment of the arrhythmias has grown to include diverse
fields. Clinical, electrophysiologic and pharmacologic studies have enabled us
to specify the place the arrhythmias occupy in clinical practice.

In most cases of sudden death, there are few doubts that the terminal event
is a phenomenon of lethal cardiac electrical instability. However, this phenom-
enon is always surrounded by an aura of mystery and apprehension.

The authors of this chapter have commented on a large variety of factors
that contribute to the pathogenesis of sudden death. It has been demonstrated
that the subject is not static, but instead offers a dynamic substrate that can
suffer modifications due to changes in autonomic nervous tone, blood flow,
basal heart rate, pH, electrolyte balance, tissue oxygenation and humoral
mediators.

As a contribution, Dr Cinca has published a report on ‘Circadian influences
on the electrophysiologic properties of the human heart’. The objective of his
study was to investigate whether there are circadian alterations in the electro-
physiologic cardiac parameters, that is AV conduction time, and the refractory
periods of the atrium, AV node and right ventricle. Dr Cinca found that there
is a nocturnal prolongation in cardiac refractory periods and the QT interval,
reduction in the repetitive ventricular responses and difficulty in inducing
reciprocating tachycardia at this time of the day.

Dr Campbell did not reach optimistic conclusions: although the population
groups at risk can be identified, the prediction of individual risk is imperfect.
Likewise, factors that modify the risk are poorly understood, and Dr Campbell
concluded that to reduce the risk of sudden death a better knowledge of the
physiopathology of ventricular tachycardia and fibrillation is needed.

However, Dr Campbell thought that it was important to define two groups:
apparently normal individuals and patients with clinical problems. When
commenting on the apparently normal individuals, Dr Campbell insisted on
the following points:

— elevated rate of ventricular arrhythmias,
— occult coronary heart disease,

— family history of sudden death,

— hyperlipidemia,
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— important tobacco abuse.
When we consider these points, we become aware of the difficulties involved
in determining the degree of individual risk.

In the terrain of individuals with clinical problems and a propensity to
sudden death, Dr Campbell emphasized the fact that the majority of the
victims of sudden death have coronary heart disease, although sudden death
can appear in small children, young athletes, persons with a prolonged QT
interval, mitral prolapse, etc.

The most conspicuous factors modifying risk are, among others:

— P-blocking treatment in chronic ischemic heart disease,

— surgical treatment of left main coronary artery disease,

— surgical treatment of some ventricular aneurysms.

However, attention must be given to some medical acts that are antagonistic,
such as the proarrhythmic effect of the antiarrhythmic drugs.

Considering the clinical situations that might lead to sudden arrhythmic
death, aside from those already mentioned, two fundamental diseases appear:
— cardiomyopathies,

— preexcitation syndromes.

It is known that hypertrophic cardiomyopathy often produces ventricular
tachyarrhythmias that, if malignant, can be an important cause of sudden
death. Dr Garcia Cosio has defined various subgroups at risk for sudden
death.

Dr Wellens and Dr Brugada have reported new findings that should be
added to the already numerous contributions they have made to cardiology in
relation to a classic problem: Wolff-Parkinson-White syndrome.



2. The Pharmacological Treatment of Severe
Arrhythmias



2.1 Introduction

A. BAYES DE LUNA

If there were no danger of sudden death (SD), ventricular arrhythmias (VA)
would have little importance in practice. If we consider SD to be death that
presents within an hour of the onset of the first symptoms, there is one SD per
minute in the United States [1, 2]. Although in Spain there are no exact
statistics on the number of SD, the estimation in that there are more than
30,000 per year. Eighty to ninety per cent of the SD are of cardiac origin and of
these 80-90% are due to ventricular fibrillation precipitated by premature
ventricular complexes (PVC). For this reason, anything related to PVC treat-
ment is important. No study [3] has demonstrated that empirical adminis-
tration of an antiarrhythmic drug reduces the risk of SD.

On the other hand, most of the antiarrhythmic drugs can aggravate an
already existent arrhythmia or induce the appearance of a new one (e.g.
torsade de pointe) [4]. This is another important issue that has led us to believe
[5] that it is inopportune to empirically treat patients for PVC. At least the
effect of the different drugs must be controlled with repeat Holter recordings.

It is thus important to consider whether all patients with PVC should be
treated. Approximately 3% of patients who have suffered an acute myocardial
infarction die of SD within the first year after the event. In view of the fact that
in the United States there are one million new infarctions each year, theoret-
ically up to 30,000 people could be saved. However, to do so, one million
patients would have to be treated, possibly aggravating already existent ar-
rhythmias or provoking the appearance of new ones in a number of cases. As
there is no antiarrhythmic drug that is highly effective and innocuous, we
should only treat postinfarction patients or those who have other heart dis-
eases with a risk of SD [5].

Recent epidemiologic studies [5-7] have demonstrated that the two param-
eters that most affect the mortality of postinfarction patients are: complex type
PVC (types 3 to 5 of Lown’s classification) and heart failure. It thus seems
appropriate to treat PVC of types 3 to 5 of the Lown classification and those of
type 2 (more than 30 per hour) in postinfarction patients. Treatment is prob-



44

ably also indicated in patients with other heart diseases, especially if they have
poor ventricular function, uncreated sympathetic tone, ischemic episodes or
long QT. On the other hand ventricular arrhythmias that occur in apparently
healthy individuals should be considered to be benign.

Symptomatic ventricular tachycardia and ventricular fibrillation outside the
acute phase of infarction are considered as a malignant ventricular arrhythmia
(MVA). This affects a limited number of patients, probably no more than
2-3% of the postinfarction cases, some instances of dilated cardiomyopathy
and other forms of severe heart diseases. Those patients who present with
these arrhythmias and do not die as a consequence of them have a 30%
mortality rate within the first year [8]. These cases must be adequately, not
empirically, treated to avoid recurrence of the arrhythmia. Itis mandatory that
an individualized and controlled therapy be undertaken.

There are three approaches to monitoring treatment. Myerburg and Castel-
lanos recommend determining plasma concentrations [9]; this serves to obtain
a therapeutic level that, independent of the presence or not of extrasystoles,
has been demonstrated to be effective in the reduction of the incidence of SD.
The other two approaches, acute testing (AT) [8], introduced by Lown and his
team, and intracavitary electrophysiologic studies (1ES) [10], defended funda-
mentally by Josephson, have also demonstrated their usefulness, although
there are more studies corroborating the efficacy of IES than of AT.

AT can only be performed if the Holter recording evidences frequent and
reproducible PVC, and it is considered the most appropriate means of choos-
ing a treatment. If the Holter ECG shows few PVC or they are not reproduc-
ible, treatment can rely on IES or plasma concentrations. These two proce-
dures are used by some groups unguided by the Holter results.

These aspects will be dealt with in this chapter. Dr P. Puech will treat the
aspects related to a special type of malignant ventricular arrhythmia defined by
the French school, the ‘torsades de pointe’. Drs Almendral, Graboys and
Myerburg, of the groups of Philadelphia (Josephson), Boston (Lown) and
Miami (Castellanos), pioneers in the use of electrophysiologic studies, acute
testing and plasma concentrations in the control of antiarrhythmic therapy,
will describe their experiences in these fields.

We think that the future of the Mirowski technique and the catheter proce-
dures is very promising, considering that the ideal antiarrhythmic has yet to be
found. These techniques will probably soon be of daily use in the treatment of
the malignant arrhythmias.

Lastly Dr Dominguez de Rozas will discuss the value of empirical treatment
with amiodarone in patients with malignant ventricular arrhythmias.
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2.2 Torsades de Pointe

P. PUECH and P. GALLAY

Torsades de pointe were described by Dessertenne as a variety of non-sus-
tained polymorphous ventricular tachycardia in subjects presenting bradycar-
dia due to atrio-ventricular block [1]. The name ‘torsades de pointe’ is now
universally accepted and is preferred to other synonyms referring to the same
aspect of the waves in the ectopic ventricular complexes: ventricular pseudo-
fibrillation [2], transitory ventriculation [3], transitory recurrent ventricular
fibrillation [4], paroxistic ventricular fibrillation [5], cardiac ballet [6], ventric-
ular fibrilloflutter [7], polymorphious ventricular tachycardia [8], multiform
ventricular tachycardia [9] and helicoidal tachycardia [10].

Considering only the morphology of ventricular complexes in tachycardia,
torsade de pointe may belong to either of two groups:

1. The usual type which corresponds to the torsade de pointe ‘stricto sensu’
according to the original French description appearing on a lengthened QT
and induced by a ventricular extrasystole with late coupling (on the peak of
the T or U wave) and generally permanent.

2. The ventricular tachycardias with morphology of torsade usually with a
normal QT between crises and with slightly early coupling of the initial
extrasystole. This difference is not purely academic, but corresponds to
different therapeutic etiologies and therapeutics.

The general characteristics of torsade de pointe are electrical, clinical and

evolutive. Electrically, the torsade are seen as a succession of ectopic complex-

es of long amplitude and variable polarity, with progressive and cyclic rotation

(in general from 5 to 10 complexes) and rapid complexes (points) in relation to

the isoelectric line. The characteristic appearance of waves in the tracing is not

always evident in a single lead; therefore, simultaneous recording of various
leads, especially in the frontal plane, show the helicoidal aspect of the tracing.

In contrast to ventricular fibrillation, the depolarization and repolarization

phases are clearly individualized. The P waves, usually visible in the surface

tracings, appear to be dissociated and slower in selective atrial recordings. The
mean ventricular frequency is of 220/min, but there are important variations,



47

as the torsade may be relatively slow (160/min) or very fast (280/min) and
present with an irregular rhythm. The duration of each torsade is of some
seconds and it is usually necessary to have a minimum of 6 ventricular com-
plexes in succession to identify the characteristic aspect of the torsade. Isolated
or grouped ventricular extrasystoles, frequently forming aborted torsade of
3-5 polymorphic complexes, are recorded in the interval between torsade.

Clinically, the torsade which is prolonged provoke a cardio-circulatory
failure generating syncope, specially if the torsade is produced in a standing
position.

Their evolution is characterized by the spontaneous resolution with fre-
quent recurrent crisis. If left untreated, torsade de pointe may degenerate into
ventricular fibrillation.

Premonitory appearances of torsade de pointe are sometimes seen, espe-
cially in the usual type with inter-critical long QT. The appearance of a
ventricular bigeminism with prolonged QT in the basal rhythm is a frequent
forerunner of torsade; thus, lengthening of diastole associated to a post-
extrasystolic pause prolongs the repolarization of the following complex which
is demonstrated by exaggerated deformation of the final part of the Y wave on
which the triggering ventricular extrasystole will fall [11]. The inscription of
giant T waves (in AV blocks in particular) and above all the alternance of the T
wave (especially in the syndromes of congenital long QT) are also frequent
forerunners of torsade.

Torsades de pointe and long QT
Etiology

The principal causes of torsade are extreme bradycardias, hypokalemia and
IA type antiarrhythmic drugs. Torsade de pointe represents between 10 and
15% of the causes of Adams-Stokes crisis in the course of atrio-ventricular
blocks. The block is usually advanced and permanent, but the torsade may
appear in the course of a paroxysmal AV block or during the temporal
accentuation of the bradycardia, for example, after the administration of
atropine [12] or anticholinergic substances [13] in case of infrahisian block.
Torsades de pointe in the course of sinusal bradycardias are much more rare
[14].

Hypokalemia is the most frequent cause of the torsade de pointe seen in
clinical practice [4, 14, 15] with numerous causes for the loss of potassium
(laxatives, diuretics, chronic diarrheas, primary or secondary hyperaldostero-
nism. Certain (-lactam antibiotics used in high dosis for severe infection
(carboxipenicillin) provoke marked hypokalemia-producing torsades de
pointe [16]. Figure 1 is an example of this.
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Fig. 1. Female of 71-years-old. Hypokalemia of 2.7 mE/L is due to carboxipenicillin treatment.
Above: couplets of premature ventricular contraction with coupling interval of 680 msec, the
basical rhythm is junctional escape rhythm. Below: torsades de pointe.

Quinidine has long been recognized as a triggering factor in torsade de
pointe [5]. The ‘quinidine syncopes’ are always in linear relationship with the
dosis, and the plasmatic concentration during the torsades is frequently within
therapeutic limits, thus suggesting an idiosyncratic phenomenon [17] or pre-
disposing factors [11]. Other class IA antiarrhythmic drugs (disopyramide,
procainamide) may be responsible for the torsades de pointe [18, 24], some
being fatal [25].

The causes of torsade de pointe are multiple. Hypomagnesemia has been
included among the metabolic factors, especially in chronic alcoholics [26, 27].
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Fig. 2. Female of 80-years-old. Prenilamine provokes marked hypokalemia (2.9 mEq/L) produc-
ing torsades de pointe.

Hypokalemia is an exceptional cause and rarely isolated [28, 29].

Within the group of drugs that can trigger torsades de pointe, IB or IC type
antiarrthythmic drugs are rarely found (lidocaine, aprindine [30]) which affect
ventricular repolarization (JR interval) only slightly if at all. The lengthening
of repolarization under sotalol explains the appearance of torsade with this
B-blocker [31, 32] with a greater frequency than with amiodarone [18, 33-37].
It is also frequently associated with other factors, particularly bradycardia
and/or hypokalemia. Other drugs in use in cardiology such as prenilamine
[38—41], lidoflacine [42, 43] or bepridil [44] provoke torsades de pointe as do
other vasodilators for cerebrovascular use such as vincamine [45, 46] and
phenoedil [47, 48]. Of the psychotropic drugs, phenotiacin [22, 49], tricyclic
antidepressives [50, 51] and tetracyclines [52] may provoke torsade de pointe.
Quinidine torsades may be related to those observed with the use of chloro-
quine [53]. Very fast slimming drugs may alter the QT and give rise to
sometimes fatal arrhythmias among which torsades de pointe can be seen.
From among the exogenic intoxications, poisoning by organophosphorate
insecticides is the most well-known [54, 55] with arsenic poisoning being rare.

Acute encephalic accidents and especially encephalomeningeal hemorrhage
are often accompanied by severe disturbances of ventricular repolarization,
although the torsade-type arrhythmias appear to be infrequent 8, 26, 56]. In
mitral valve prolapse the QT interval is sometimes lengthened, favouring the
appearance of torsades [57). The frequence of associated factors favouring the
appearance of the torsades de pointe stands out. The predominance of these,
brought about by drugs in the female sex, is notable [28, 38, 44] (personal
observations), with perhaps the statistically longer QT interval being a pre-
disposing factor as well as the frequent use of laxatives. The existence of a
hypokalemia in the course of the antiarrhythmic-antianginal treatment (Fig. 2)
and the bradycardia caused by certain antiarrhythmic drugs may precipitate
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the torsades de pointe. The existence of a cardiomegaly is a factor favouring
quinidine torsades [11, 58]. Digital drugs which alone do not provoke torsade
de pointe, might facilitate the appearance of these in subjects treated with
antiarrhythmic drugs of the TA type [11], perhaps secondary to the cellular
depletion of potassium, therefore shortening the potential of subendocardic
action and also increasing the dispersion of repolarization among the sub-
endocardic and subepicardic layers.

The congenital syndromes of long QT (Jerwell-Lange-Nielson and Roma-
no-Ward) are complicated by severe arrhythmias with torsade de pointes
possibly degenerating into ventricular fibrillation [59].

Mechanism

There is an experimental model of arrhythmia which is similar to torsade de
pointe as seen in clinical practice. On preparations of endocardic fibres isolat-
ed from the ventricle of the dog, cesium (5 mM) lengthens the duration of the
action potential of the Purkinje fibres and provokes the appearance of early
post-potentials by the slow rhythm [60]. When the postpotentials appear in
phase 3 for a relatively high potential level (between —65 and —80 mV) these
may produce a sustained activity [60] as a result of the low concentration of
potassium [61]. This abnormal activity in phase 3 is abolished by the low
concentration of TTX suggesting the intervention of an entry current of
sodium in these postpolarizations. In the animal model, the intravenous
injection of cesium chloride (1 to 1.5 mg/kg) lengthens the QT interval (QU)
and produces ventricular arrhythmias, including torsade de pointe-type poly-
morphous tachycardias.

Electrophysiological studies in man

The recording of monphasic action potentials (MAP) on different zones of the
right ventricle in subjects with long QT [62] shows that ventricular repolar-
ization is of variable duration according to the topography of MAP. In the
zones in which the MAP is very long, there is a hump in the late part of phase 3,
so that when there is an arrhythmia the initial extrasystole arises from this
abnormal portion of action potential. The delay in repolarization and the
arrhythmia which reprocedes for this motive disappear with ventricular stim-
ulation.

Programmed ventricular stimulation gives different results depending on
whether it is carried out some time after an episode of torsade or in the
evolutive period. Except during crisis, torsades are not reproducible [68]
although it seems possible to trigger them at times in the critical phase [64-66].
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Magnesiotherapy

A deficit of magnesium is rarely seen. The supply of magnesium, which was
recently described [66], undoubtedly has its own electrophysiological effect
through the ATP-ase dependent Mg pump which acts on the active trans-
membrane Na-K exchange (K penetration in the cell).

The emergency treatment, an intravenous bolus of 1-2g of magnesium
sulphate, often has a spectacular effect on the torsade (personal observation).
In case of necessity this may be continued by a perfusion of 1 mg/min/24 hours
of MgSO,.

Further experimentation will allow to determine to what degree magne-
siotherapy could prevent cardiac stimulation from being used for the emergen-
cy treatment of torsades de pointe.

Cardiac acceleration

The well-known effect of shortening of the action potential by accelerating the
stimulation frequency and the improved resynchronization this implies, with
the refractory periods being less disperse, explains the beneficial action of the
tachycardiac procedures in the treatment of the torsade de pointe with long
QT.

Perfusion of isoprenaline is only of minor help, and its action is demon-
strated above all in the torsade de pointe in severe bradycardias. The poten-
tially beneficial effect of isoprenaline runs the risk of being lessened by
facilitating the production of extrasystoles and by reducing the arrhythmic
cycle and leading to ventricular fibrillation.

For these reasons, transitory electrical stimulation is the treatment of
choice, adjusting the stimulation frequency to the threshold of disappearance
of the arrhythmia [14]. Theoretically, atrial stimulation is preferable, as it
provides good ventricular synchronization, but in reality, in a context of
emergency and keeping in mind the risk of displacement of the atrial elec-
trode, ventricular stimulation is usually used.

In conclusion, torsades de pointe with long basal QT appear when the
repolarization is prolonged in an asynchronic manner. It is possible that the
rarity of the torsade in patients treated with amiodarone is related to the fact
that the repolarization is delayed in a uniform way, thus preventing ventricular
desynchronization. The appearance of postpotentials in phase 3, for a rela-
tively high level of repolarization of membrane, reflects an abnormal automa-
tism, a factor that triggers the arrhythmia. This initial event is followed by a
polymorphic tachycardia. The focal origin of this self-maintained tachycardia
from two opposite focii of very similar frequencies or reincorporation with the
variable circuit and slow conduction can not at present be evaluated [67].
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Treatment
Antiarrhythmic drugs

Antiarrhythmic drugs which prolong the repolarization (class 1A and III) are
accepted as being contra-indicated. It is preferible to avoid all types of anti-
arrhythmic drugs, although isolated successes with substances with little or
practically no effect on repolarization have been published, as in case of the
antiarrhythmic drugs of group IB (lidocaine, diphenylhydantoin), IC (pro-
paphenon) [9], or verapamil [53]. The non-constant positive results may be
explained by the reduction or supression of inductor extrasystoles, without
aggravating the lengthening of the QT.

Action of the causal factor

Suppression of the substance or substances which may influence ventricular
repolarization could be sufficient to make the torsade disappear, if the elim-
ination of the incriminating product is rapid and if there is no associated
metabolic factor, in particular hypokalemia.

Correction of the metabolic disturbances is imperative. In the case of
hypokalemia, either demonstrated or simply suspected, it is necessary to
administrate intravenous potassium in high dosis (12 to 20 g/24 hours) under
electrocardiographic control.

Definitive cardiac stimulation completely prevents the risk of recurrent
torsades de pointe in permanent or paroxysmal atrio-ventricular blocks.

Congenital long QT syndrome

The imbalance in the sympathetic innervation of the heart explains the length-
ening of the QT and the factors frequently observed to precipitate the syn-
copes by torsades de pointe (effort, emotion, stress). Treatment with (3-
blockers, with the exclusion of sotalol, constitutes the most appropriate long-
term treatment. Left-sympathectomy has given variable results.

Torsades de pointe and normal QT
Acute ischaemic torsades de pointe
A ventricular tachycardia with the aspect of torsades in the course of acute

myocardial infarction is rare [9, 68]. In a recent study, Vidal et al. [69]
calculated 2.2% within the first 72 hours of myocardial infarction. Prinzmetal
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Fig. 3. Male of 58-years-old. Torsades in the course of the acute myocardial infarction. In-
termittent bygeminal premature ventricular contraction leading to torsades de pointe with rela-
tively low coupling interval. QT interval variations (normal or mildly prolonged).

angina, which may be accompanied by alternans in repolarization, has on
occasion been found to be the origin of the torsades, with ischaemia very rarely
being the only inducing factor [70].

The QT interval is usually normal. It is sometimes transiently or permanent-
ly lengthened [71, 72]. The triggering extrasytole has an early coupling (Fig. 3),
and the cycle of the tachycardia is generally short (fast torsades). The trans-
formation of torsades into authentic ventricular fibrillation is particularly
frequent.

The treatment of ischaemic torsades is frequently difficult. Isoprenaline is
formally contra-indicated. Antiarrhythmic IA and IB drugs are usually not
effective. Propaphenon gave a high percentage of success in the series of
Zilcher et al. [9]. Amiodarone or tosilate of bretilium perfusions are some-
times efficient. Calcium antagonists are indicated in the case of Prinzmetal
angina. Endocavitary stimulation presents unconstant results and the often
high frequency of stimulation required may be poorly tolerated from a hemo-
dynamic point of view. Stimulation is sometimes even dangerous, precipitat-
ing the appearance of ventricular fibrillation. No study on the effects of
intravenous magnesiotherapy for this indication have yet been published.
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Recurrent torsade de pointe

Tachycardias with morphology of torsade with normal or somewhat prolonged
QT have been observed, with relatively early coupling of the initial extrasys-
tole, usually in patients with chronic coronary heart disease and also in several
cardiomyopathies [73].

These tachycardias can generally be reproduced by means of ventricular
stimulation [64, 68, 73] and can be transformed into monomorphic ventricular
tachycardias either spontaneously or under stimulation, or using class IA
(quinidine or procainamide) antiarrhythmic drugs. Therefore, this type of
torsade may be considered as a variety of polymorphous ventricular tachycar-
dia, much more similar in its mechanism to common ventricular tachycardia
than to the torsade de pointe with long QT. This relationship with the recurrent
ventricular tachycardias is reinforced by the usual efficacy of class IA anti-
arrhythmic drugs in this type of torsade. The role of other antiarrhythmic
drugs in the long-term treatment of the recurrent ventricular tachycardias also
stands out.

Catecholaminic torsades de pointe

Disturbances of the polymorphous ventricular rhythm comparable to torsade
de pointes have been seen in young individuals {74]. In this population, 7 to 13
year old, the circumstances of appearance of the polymorphous tachycardia
are very particular, suggesting the influence of a catecholaminic discharge:
stress, emotion or effort. The tachycardias may be reproduced by an exercise
test or perfusion of isoprenaline. Keeping these elements in mind, treatment
with (-blocking agents is particularly indicated.

Idiopathic torsades de pointe

Torsade de pointe are occasionally seen in subjects whose intercritical ECG
was normal and with absent heart disease or evident triggering circumstances.

In some observations, the torsade de pointe has a familial character. Some
of these observations are similar to the Romano-Ward syndrome to an extent
that a familial investigation often reveals a long QT in other members of the
family. On the other hand, a normal QT at rest may be prolonged on carrying
out an exercise test. However, the QT may be permanently normalin very rare
cases of familial torsade de pointe, the peculiarity of which is derived from the
fact that they may be induced by programmed ventricular stimulation [75].
Very little is yet known regarding isolated idiopathic torsade de pointe.

In two personal recent observations, these idiopathic torsades were trig-
gered by the endocavitary stimulation (recurrent crisis leading to ventricular
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fibrillation), were refractory to the administration of potassium and responded
well to high dosis of intravenous magnesium. This type of torsade is possibly
responsible for certain sudden deaths in subjects without apparent heart
disease.
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2.3 Non-invasive Assessment of Antiarrhythmic
Drugs

THOMAS B. GRABOYS

Definition of efficacy of antiarrhythmic agents presents a complex manage-
ment problem. If the aim of the antiarrhythmic therapy is suppression of
malignant dysrhythmic events, then the process would understandably be
much different if medication is being used to suppress a sporadic though
non-threatening episode. While one may choose a drug for a given patient
based upon reported effectiveness among groups of individuals with similar
problems, it is at the present time impossible to predict whether that patient
will respond favorably or adversely to the agent. Because arrhythmias are
sporadic, the selection process must address the issue of a therapeutic ob-
jective, i.e., what is the endpoint which defines drug efficacy. A final consid-
eration relates to whether there is an inherent advantage to a non-invasive
approach to drug selection which can be applied by the clinician without the
need to resort to invasive testing. The purpose of this chapter will be to address
these issues.

For the physician confronted with an individual who is experiencing trouble-
some palpitations or non-sustained episodes of tachyarrhythmia, whether it be
ventricular or supraventricular, the major clinical consideration is whether
those dysrhythmias are manifestations of significant underlying structural
heart disease and whether they are potentially compromising for the patient. If
there is no evidence of associated heart disease, and these are merely sporadic
symptoms that seem to be causally related to dysrhythmia, chronic daily
therapy is rarely necessary. If the events are infrequent, selection of an
antiarrhythmic drug becomes an empiric matter based upon certain ‘historical
precents’. One approach is to have the patient self administer a group of
medications (so-called therapeutic ‘cocktail’) during an episode of dysrhyth-
mia [1]. Table 1 lists several typical ‘cocktails’ we have utilized for sustained
arrhythmia.

1f the frequency of these events is such that chronic therapy is indicated, but
yet they are not felt to be threatening, or the patient has not experienced
pre-syncope or frank loss of consciousness, the approach may also be an
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empirical trial of antiarrhythmic drugs which have historically been effective
for that particular dysrhythmia. However, among individuals who have had
so-called malignant ventricular arrhythmia, defined as hemodynamically com-
promising ventricular tachycardia or non-infarction-related ventricular fibril-
lation, or for individuals who have a high density of repetitive and complex
ventricular premature beats in the setting of a recent acute myocardial in-
farction, our approach has been to hospitalize such patients and undertake a
systematic management approach as defined in this chapter.

Non-invasive selection of antiarrhythmic drugs for patients having experienced
malignant ventricular arrhythmia

The essentials of this approach have been detailed elsewhere [2] and are based

upon

1. the relationship of advanced or complex forms of ventricular premature
beats (VPBs) to recurrent arrhythmia and

2. that the suppression of such forms is associated with improved survival and
freedom from recurrent arrhythmia.

We employ four phases which begin with a 48 hour observation period (Con-

trol; Phase 0) during which the patient undergoes continuous ambulatory

ECG monitoring, maximal Bruce protocol exercise treadmill testing, and

evaluation of left ventricular function after cessation of antiarrhythmic drugs.

Table 1. Oral single dose antiarrhythmic combination therapy to treat sustained tachyarrhyth-
mias.*

Dysrrhythmia Drug combination
Atrial fibrillation Quinidine (600 mg)
B-blocker
Sedative
Atrial flutter Digoxin (0.5-0.75 mg)
B-blocker
Supraventricular tachycardia Verapamil (160 mg)
or

Digoxin (0.75-1.0 mg)

Ventricular tachycardia Procainamide (1.5g)
or
Quinidine (600 mg)
or
Mexiletine (400 mg)

* Non-hemodynamically compromising in otherwise healthy persons.
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Approximately 75% of patients who have a history of recurrent malignant
arrhythmia will demonstrate a sufficient density and reproducibility of ventric-
ular premature beats to qualify for antiarrhythmic drug testing utilizing their
level of ambient ventricular ectopic activity as a standard against which to
assess drug efficacy. Several features of this so-called Control or Phase 0 time
frame are worthy of note. First it allows the physician an opportunity to
determine whether exercise provokes, suppresses, or has no effect on ambient
ventricular ectopy. This is of practical import because a number of anti-
arrhythmic agents may paradoxically aggravate arrhythmia only during exer-
cise. The basis of this may be enhanced reentry occasioned by drug-induced
intraventricular conduction disturbance or a direct negative inotropic effect on
the heart. The advantage of having a baseline ventricular function study
provides an opportunity to assess whether a given antiarrhythmic drug or
group of drugs adversely affects ventricular function.

Phase 1: acute drug testing

The aim of this phase is to screen available antiarrhythmic drugs to determine
which agents are seemingly effective, ineffective or perhaps adversely affect
the patient’s arrhythmia [4]. Rapid assessment of drug efficacy can be achieved
by administering a large single oral dose of a given antiarrhythmic, e.g.
quinidine 600 mg, procainamide 1.5 g or metoprolol 100 mg. The patient un-
dergoes programmed monitoring of the heart rhythm over a 3-5 hour period
with hourly bicycle exercise and serum blood determinations of the tested
drug. A drug is deemed effective if there is a 50% reduction in total VPBs or a
90% reduction in repetitive forms including total ablation of salvos of ventric-
ular tachycardia (Fig. 1). One distinct advantage of Phase 1 testing is that after
a 24 hour washout period we can then proceed to a second acute drug test and
hence rapidly screen five or six drugs in one week’s time.

A legitimate concern is whether there is concordancy between an acute drug
test and more chronic drug administration. In general, for those drugs which
have suitable pharmacokinetics to allow for acute testing, there is approxi-
mately an 85% concordancy-discordancy rate between the results of Phase 1
and 2 testing [5]. Selection of a suitable oral dose was initially an arbitrary one
of fifty percent of the usual 24 hour total dose. If a drug is seemingly ineffective
during acute oral administration and yet the serum drug level does not reach
so-called therapeutic levels, we would proceed to Phase 2 testing, assuming
that the drug had not been given an adequate trial. However, if therapeutic
levels were achieved after the acute oral dose and the drug was ineffective,
then it is a reasonable conclusion that chronic administration will not be
effective in suppressing arrhythmia. These considerations notwithstanding,
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Fig. 1. Example of acute drug study (Phase 1). After administration of 1.5 gm of procainamide,
trendscription monitoring demonstrates abolition of ventricular arrhythmia correlating with peak
serum drug level.

we feel confident that the value of acute drug testing at a minimum resides in
the finding of either drug intolerance or an aggravation of arrhythmia during
this important observation period.

Phase 2: short-term drug maintenance

After a number of drugs have been tested and several have been found to be
effective, the patient then enters Phase 2 studies. The aim of this phase is to
assess efficacy of a given drug with a dosing program that would simulate
chronic drug administration. A further aim is to determine patient tolerance of
the antiarrhythmic agent during longer drug exposure. This phase may require
48-96 hours of drug administration or perhaps longer if there appears to be an
active metabolite (e.g. lorcainide-norlorcainide) or the need to attain ade-
quate serum levels which have been shown to suppress repetitive forms (e.g.
procainamide). Drug efficacy is then determined by means of 24 hour ambula-
tory electrocardiographic monitoring as well as maximal exercise stress testing
(Fig. 2). Typically a patient will undergo 3 chronic drug trials in hopes that we
can find two agents which are independently effective.
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Fig. 2. Example of control exercisc study (left panel) and Phase 2 administration of antiarrhythmic
drug demonstrating successful ablation of exercisc-induced ventricular tachycardia.

Phase 3: long-term antiarrhythmic drug maintenance

This is the outpatient phase of the drug trial during which time we define
long-term drug efficacy and safety. Again, ambulatory ECG monitoring and
maximal treadmill testing are carried out approximately every 6 months for the
first year and then yearly thereafter depending on the particular drug or group
of drugs being administered.

Other considerations in the selection of an effective antiarrhythmic
drug program

Among patients who have experienced malignant ventricular arrhythmia, it
has been our practice to administer two or more antiarrhythmic drugs in a
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so-called ‘fail safe’ fashion. Thus, if one medication is not absorbed or a dose is
missed, protection is still accomplished by the other antiarrhythmic drug. We
have found that a membrane-active drug in combination with a §-blocker has
much to offer in terms of therapeutic synergism and in addition, such combina-
tions may allow the use of lower and hence, better tolerated dosages of the
membrane-active drug, yet still achieving a particular therapeutic objective
[6,7].

Successful long-term management requires important attention to the de-
tails of precise recordkeeping, potential drug-drug interactions, particularly
involving diuretics; maintenance of serum potassium in excess of 4.0 and
preferably closer to 4.5 mEq/L; and an attempt to decompress the complex
psychosocial issues which may serve as a potential trigger for recurrent ar-
rhythmia among these patients. Obviously in those individuals with coronary
heart disease, definition of an aggressive anti-ischemic program will work in
concert to provide more effective antiarrhythmic control.

It is important to emphasize the combined utility of exercise testing to
ambulatory ECG monitoring for exposure of arrhythmia in these patients. We
recently reported our experience among 263 patients who underwent 1377
maximal treadmill tests [8]. Complications of the testing occurred in 24 pa-
tients (9.1%) during 32 tests (2.3%). These complications included cardiac
arrest, precipitation of intervention-required ventricular tachycardia or brady-
cardic mediated cardiac arrest. This low incidence of serious complications
underscores the safety of the technique in a high risk population.

Final comments

Approximately 30% of patients referred to us will have insufficient ambient
ventricular arrhythmia or non-reproducibility of ventricular premature beats
such that monitoring-exercise testing cannot be used to select or gauge anti-
arrhythmic drug efficacy. In such patients we proceed to electrophysiologic
study, but it is our view that this avenue should be reserved for a minority of
patients, particularly if he or she exhibits a high density of spontaneous
arrhythmia. Invasive electrophysiologic studies have a number of method-
ologic problems which include: lack of standardized protocols, reproducibility
and difficulty in defining a given endpoint; lack of consensus as to the number
of pulses or currents delivered; pacing rate or site of stimulation necessary to
evoke a given response. Perhaps most important is consideration of how to
assess ongoing protection from recurrent arrhythmia if adjustment of the drug
dose or discontinuation of the drug is required. It is simply not practical to
rehospitalize patients for repeat electrophysiologic study. However, if mon-
itoring and exercise testing are utilized, then such methods provide a basis for
ongoing assessment of drug efficacy.
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2.4 An Electrophysiological Approach to Drug
Therapy of Ventricular Arrhythmias

JESUS M. ALMENDRAL and MARK E. JOSEPHSON

The rationale for using invasive electrophysiologic studies to guide drug ther-

apy in tachyarrhythmias includes the accomplishment of 3 steps:

1. Ability to reproduce the clinical arrhythmia in the laboratory by pro-
grammed electrical stimulation.

2. Assessment of drug responses in the individual patient.

3. Ability to predict outcome in relation to both inducibility and drug re-
sponse.

In this chapter we will review the application of this method to ventricular

arrhythmias. They will be divided in 3 categories according to the clinical

presentation: recurrent sustained ventricular tachycardia (VT), cardiac arrest

and nonsustained VT.

Inducibility of the clinical arrhythmia
In the sustained ventricular tachycardia group

In 85 to 100% of patients presenting clinically with recurrent sustained VT, a
uniform, sustained, morphologically similar arrhythmia can be induced by
programmed electrical stimulation (Table 1) [1-6]. The incidence appears to
be higher when the stimulation protocol includes a third extrastimuli [7],
multiple right ventricular sites [8] and eventually the left ventricle [9]. Al-
though 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 [10]. In patients with cardiomyopathy, the results are
more discordant, the inducibility rate ranging from 52 [10] to 100% [11, 12].

In the cardiac arrest group

In patients presenting clinically with out-of-hospital cardiac arrest, the initial
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arrhythmia causing the episode is usually unknown. However, in 60 to 90% a
fast ventricular arrhythmia, that could have been the cause of the arrest, can be
induced by programmed electrical stimulation (Table 2) [13-18]. The induced
arrhythmia is sustained VT in the majority of cases, ventricular fibrillation in
some 15% and VT degenerating to ventricular fibrillation in about 10% [14]. 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 [19]. On the contrary, in patients with inducible arrhythmias, similar
incidence of inducible ventricular fibrillation and VT was found whether the
initial documented rhythm was ventricular fibrillation or VT [14]. This may be
semantics, however, since VT which degenerates to ventricular fibrillation is
often classified as VT.

Table 1. Inducibility by PES in sustained VT.

Author No patients Inducible by PES
No %
Fisher et al. [4] 19 18 95
Ruskin et al. [6] 22 22 100
Horowitz et al. 28] 20 20 100
Naccarelli et al. [10] 39 27 69
Mason et al. [26] 186° 165 89
Buxton et al. [3] 102 101 99
Total 388 353 91

2 Patients without coronary artery disease.
® Includes 38 patients with nonsustained VT (23 cases) or ventricular fibrillation (15 cases).
Abbreviations: PES: programmed electrical stimulation; VT: ventricular tachycardia.

Table 2. Inducibility by PES in cardiac arrest patients.

Author No patients Inducible by PES
No %
Ruskin et al. [15] 60 45 75
Kehoe et al. [16] 44 28 64
Benditt et al. [17] 34 30 88
Morady et al. [18] 45 34 76
Roy et al. [14] 119 72 61
Total 302 209 69

Abbreviation: PES: programmed electrical stimulation.
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Fig. 1. This figure reflects our present experience regarding inducibility of ventricular arrhyth-
mias. Note that the incidence of inducible ventricular tachycardia (VT) - either nonsustained (NS)
or sustained (S) - is highest in patients presenting with sustained ventricular tachycardia, as
compared to patients presenting with cardiac arrest (CA) or nonsustained ventricular tachycardia.
n = number of patients.

In the nonsustained VT group

In patients presenting clinically with nonsustained VT, the chances of repro-
ducing the clinical arrhythmia by programmed electrical stimulation are 63%
[20]. This incidence seems to be related to the underlying heart disease: 75% in
coronary patients, between 30 and 50% in patients with cardiomyopathy,
mitral valve prolapse or no heart disease [10, 21]. Fig. 1 updates our present
experience with these 3 groups of ventricular arrhythmias.

Assessment of drug responses

This is carried out by a programmed ventricular stimulation protocol, similar
to that performed on the baseline study. However, there has been some
controversy as to what can be considered a satisfactory drug response [22]. We
consider satisfactory the absence of any inducible sustained tachyarrhythmia
[23] in response to the complete electrical stimulationn protocol, provided a
sustained tachyarrhythmia was induced in the baseline study. However, it has
been suggested that a mere narrowing of the tachycardia zone or an increase in
the number of extrastimuli required for the initiation of the tachyarrhythmia
are indicators of a good drug response [4]. In contrast, other authors consider a
drug prophylactic only if nonsustained tachycardia, longer than 3 to 6 beats,
was also abolished [24, 29].
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In the sustained VT group

The incidence of a satisfactory drug response, as judged by electrophysiologic
testing, varies in different reported series (Table 3), ranging from 20 to 80%.
There seems to be a tendency towards a lower incidence of drug-responders in
the more recent series as compared to older ones. This has previously been
pointed out [26] and attributed to the addition of a third extrastimulus to the
stimulation protocol. In fact, a retrospective study found that, in patients with
sustained VT inducible with single or double ventricular extrastimuli in the
baseline state, the addition of a third extrastimulus during serial drug testing
will reduce to less than half the number of patients considered drug-responders
[27]. However this study included both sustained VT and nonsustained VT and
did not take into consideration clinical outcome. We have not found the
number of ventricular extrastimuli to be a major problem since recurrences are
noted even if VT induction changed from 2 to 3 ventricular extrastimuli. We
believe the major change is patient selection. Now we are getting drug refrac-
tory patients — earlier studies often were dose failures.

The above mentioned studies only include drugs considered conventional in
the U.S.A.; that excludes amiodarone, which will be discussed separately.
Procainamide is the single most effective drug in preventing the initiation of
sustained VT [28], provided high doses are used [29]. Quinidine and dis-
opyramide have also been reported to have a reasonable likelihood of success
[30, 31], whereas lidocaine, diphenylhydantoin and mexiletine are only occa-
sionally effective [28, 32]. Recent studies from our group show that sustained
VT in the setting of idiopathic dilated cardiomyopathy is inducible but the
likelihood of drug responsiveness rather low (Fig. 2) [12].

It would be valuable if drug response to electrophysiologic testing could be
predicted by clinical and/or electrocardiographic variables. If so, serial drug

Table 3. Drug responses in sustained VT, as judged by PES.

Author No inducible by PES Drug responders
No %
Ruskin et al. [6] 22 17 77
Naccarelli et al. [10] 242 9 37
Mason et al. {26] 129° 50 39
Waxman et al. [36] 126 51 40
Total 301 127 42

2 Patients without coronary artery discase.
® Includes 38 patients with nonsustained VT (23) or ventricular fibrillation.
Abbreviations: PES: programmed electrical stimulation; VT: ventricular tachycardia.
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VT-S IN DILATED CARDIOMYOPATHY

Fig. 2. This figure compares inducibility, drug responsiveness and clinical recurrences in our
patients with idiopathic dilated cardiomyopathy and sustained ventricular tachycardia. Note the
low incidence of drug responders (2/11 patients) and the high incidence of clinical recurrence (6/11
over a mean follow-up period of 21 months). It is of interest that all patients that recurred were
receiving amiodarone.

testing could be avoided in patients unlikely to be drug-responders. However,
one study found no single variable independently predictive of responsiveness
[33]. In another study, univariate analysis disclosed 4 factors, age less than 45
years, ejection fraction greater than 50%, hypokinesia as the only contraction
abnormality, and absence of organic heart disease, associated with successful
medical treatment [34]. However, in this and in another study [35], only when
constructing a function incorporating multiple variables, the majority of pa-
tients were correctly classified [34, 35]. Even these latter studies are biased by
patient selection.

Trying to avoid multiple serial drug testing, another issue has been raised,
whether the electrophysiologic response to one antiarrhythmic agent is pre-
dictive to that of the others. It has been found that the response to procaina-
mide predicted the response to other class IA agents, since only 7% of 145 drug
regimens tested in patients inducible on procainamide, had prevented in-
ducibility [36]. Another study found concordant responses for quinidine and
procainamide but not for either of these drugs and disopyramide [33].

In the cardiac arrest group

Disparate incidences of drug responsiveness have been reported in different
cardiac arrest series studied with serial electrophysiologic testing (Table 4).
Interestingly enough, when pooling those series together the incidence of drug
responsiveness is similar to the reported sustained VT studies (Table 3).
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Fig. 3. The incidence of drug responders as assessed by electrophysiologic studies (EPS) in the 3
clinical subgroups is summarized. Note that there are no substantial differences among these 3
groups. Abbreviations as in previous figures.

In the nonsustained VT group

Only 2 reported series have focused on the electrophysiologic evaluation of
drugs in this group of patients [10, 37]. The incidence of drug responders in the
laboratory was 71% (5/7) in one series [10] and 49% (18/37) in the other [37].
However, the results in these 2 studies are probably consistent since coronary
patients were excluded in the first series [10] and the incidence of drug
responders found to be significantly higher in patients without underlying
heart disease (7/8, 88%) in the latter study [37]. Moreover, the predictive

Table 4. Drug responses in cardiac arrest patients as judged by PES.

Author No inducible by PES Drug responders
No %
Ruskin et al. [15] 45 34 76
Kehoe et al. [16] 28 5 18
Benditt et al. [17] 30 9 30
Morady et al. [18] 34 9 26
Roy et al. [14] 72 24 33
Total 209 81 39

Abbreviation: PES: programmed electrical stimulation.
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accuracy of drug failure by programmed electrical stimulation was not ad-
dressed.

Fig. 3 summarizes the incidence of drug responders in our laboratory for all
3 groups of ventricular arrhythmias. Note that it is similar regardless of clinical
presentation.

Electrophysiologic predictability of outcome
In the sustained VT group

The crucial step to the electrophysiologic approach is the correlation between
drug response in the laboratory and clinical outcome. Unfortunately, there are
no controlled studies addressing this issue. However, several non-controlled
studies have been reported (Table 5), involving small number of patients with
rather short follow-ups, and using mainly type IA antiarrhythmics [6, 10, 25,
28, 34, 38]. It has to be realized that the results could be partially biased
because some of the non-responders to conventional antiarrhythmics were
operated on or received experimental drugs.

These studies consistently found a significantly lower incidence of both
recurrence [6, 10, 25, 28, 34] and sudden death [38] in the patients whose
arrhythmias were rendered noninducible by drugs than in the ones treated
with drugs on which they were still inducible. One study performed an actua-
rial analysis and found a significantly lower percentage of patients free of

Table 5. Outcome in relation to drug response to PES: patients with recurrent sustained VT.

Author Drug responders Non-responders®

No Follow-up* Recurrence No Follow-up Recurrence

(months) ____ (months)
No % No %
Ruskin et al. [6] 17 8 2 12 S 3 4 80
Mason et al. [25] 26 g° 8 31 16 8° 13 81
Naccarelli et al. [10] 9 12° 0 0 15 12° 6 40
Horowitz et al. [28] 13 3-27 0 0 7 <1 7 100
Spielman et al. [34] 29 18 4 15 14 11 9 64
Total 94 14 15 57 39 68

* Excluding surgery or drugs considered experimental in U.S.A.

® Mean follow-up of the series.

¢ This study excludes patients with coronary disease.

Abbreviations: PES: programmed electrical stimulation; VT: ventricular tachycardia.
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recurrences in the ‘non-responders’ [25]. The difference persisted significant
for more than 2 years of follow-up [25]. When pooled them together (Table 5)
the recurrence rates were 15% and 68% for ‘responders’ and ‘non-responders’
respectively.

In the cardiac arrest group

The results tend to be similar in the cardiac arrest group. Table 6 reflects the
data from 5 previously reported series. Again, just the number of patients on
each category suggests some bias on the results: while more than half of the
inducible patients are ‘non-responders’ (Table 4), the number of ‘non-respon-
ders’ drops to half of that of the responders when considering patients treated
with conventional agents (Table 6). The introduction of alternate modes of
therapy, mainly surgery, experimental drugs and, in recent years, implantable
electronic devices, probably accounts for these findings, and reflects the
resistance of physicians to discharge patients with a history of cardiac arrest on
regimens that do not prevent inducibility. However, this undoubtedly repre-
sents an uncontrolled variable and a potential bias on the results and conclu-
sions.

In the nonsustained VT group

Few data are available on this group of patients. In a series excluding coronary
patients, no symptomatic events occurred during a 12 month follow-up on 5

Table 5. Outcome in relation to drug response to PES: patients with cardiac arrest.

Author Drug responders Non-responders®

No Follow-up* Recurrence No Follow-up Recurrence

(months) (months)

No % No %o
Ruskin et al. [15] 34 18 2 5 11 15 4 36
Kehoe et al. [16] 5 14 0 0 9 9 7 78
Benditt et al. [17] 9 18 111 518 2 40
Morady et al. [18] 9 20 3033 L - - -
Roy et al. [14] 24 4 17 9 = 3 33
Total 81 10 12 34 26 47

 Excluding surgery or drugs considered experimental in U.S.A.

® Most patients received amiodarone.

¢ Not specifically stated for these patients; 18 months for the whole series.
Abbreviation: PES: programmed electrical stimulation.
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Fig. 4. In this figure the incidence of sudden cardiac death (SCD) in patients with nonsustained
ventricular tachycardia is represented. Two factors, an ejection fraction (EF) of less than 40%,
and the presence of an inducible sustained (I) sustained ventricular tachycardia (VT-S) were
independent predictors of a bad prognosis (133). NI = noninducible.

inducible patients treated with drugs that rendered them non-inducible [10].
Three of 34 patients treated with an electrophysiology guided regimen died
suddenly in a non-controlled study, including 40% of coronary patients [20].
However no data are available to assess the risk of untreated nonsustained VT
versus treated. Some data from our laboratory [20] suggest that some patients
with nonsustained VT need not be treated, since they have a good prognosis
(Fig. 4).

Amiodarone

Amiodarone is a rather unique antiarrhythmic because of its frequent success
in the clinical setting despite failure in preventing inducibility by programmed
electrical stimulation [39-42].

Most of the studies have found that in 60 to 90% of patients with inducible
ventricular arrhythmias, the arrhythmia will remain inducible on amiodarone
[39, 43-45]. This figure would not be particularly surprising compared to most
if not all of the available antiarrhythmics. However, it has been shown that
amiodarone prevents clinical recurrences in about two-thirds of patients pre-
senting with recurrent VT [39, 40, 43, 46, 47] and even a higher percentage of
patients with cardiac arrest [18, 48]. This striking dissociation between clinical
and electrophysiological responses is not well understood. Amiodarone pro-
duces a marked reduction in total and complex ectopy [49] and it has been
suggested that may control VT by eliminating the triggers instead of acting on
the reentrant circuit.

Efforts have been made to correlate laboratory findings with clinical out-
come; however, this has led to rather conflictive results. Some studies have
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found that patients rendered noninducible by amiodarone have a good prog-
nosis [39, 50, 51]. However, our results [40, 43] show a comparable incidence
of recurrences in the group of patients rendered noninducible. Correlations
have been reported between ease of inducibility [44, 45], clinical tolerance of
the induced VT [51] or the conjunction of multiple variables [52] and clinical
outcome, but are awaiting further confirmation. Most of these series report on
patients studied by programmed electrical stimulation 2 to 6 weeks after
starting on amiodarone. Recent studies from our laboratory suggest that,
although VT usually remain inducible after 3 months of therapy, electrophysi-
ologic studies performed at that time may be more predictive of outcome [53].
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2.5 Application of Plasma Level Determinations to

Antiarrhythmic Drug Management
Integration with Various End-points of Therapy
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MAN, RICHARD G. TROHMAN, NADIR SAOUDI and
AGUSTIN CASTELLANOS

Therapeutic effectiveness of antiarrhythmic agents, defined as the prevention

of lethal or potentially lethal arrhythmias, must incorporate considerations of

3 elements:

1. the forms and/or frequency of chronic ventricular arrhythmias, as well as
the characteristics of arrhythmias labeled as ‘potentially lethal’;

2. the clinical settings in which various forms of ventricular arrhythmias occur;
and

3. the validity of end-points used to guide antiarrhythmic therapy.

The interactions between these 3 factors are complex, and in most clinical

settings no uniformly accepted algorithms have been developed for applica-

tion to patients at risk for unexpected potentially lethal arrhythmias. The

absence of important elements of information necessary to test the hypothesis

that antiarrhythmic drugs will alter propensity to potentially lethal arrhyth-

mias, plus the lack of uniform patient populations and study designs, have

resulted in failure to develop uniform conclusions about management. In this

chapter, several current approaches to treatment of patients at risk will be

reviewed, and the place of plasma level monitoring of antiarrhythmic drugs

will be discussed in respect to each method.

End-points of antiarrhythmic therapy for ventricular arrhythmias

Strategies for the use of antiarrhythmic drugs in patients at risk for potentially

lethal arrhythmias have included

1. suppression of ventricular ectopic activity,

2. therapy guided by data acquired during programmed electrical stimulation
studies, and

3. empiric therapy with or without plasma level monitoring.

Each approach has accumulated a body of information supporting its use, but

each also has persisting unresolved issues and controversy about its applica-

tion.
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Suppression of premature ventricular contractions

Suppression of ventricular ectopic activity was originally interpreted to mean
quantitative or near-quantitative eradication of premature ventricular con-
tractions. For many patients at risk for potentially lethal arrhythmias, quanti-
tative suppression of premature ventricular contractions is a goal which is
difficult to achieve [1, 2]. Further, the data necessary to confirm the assump-
tion that premature ventricular contraction suppression per se, as the primary
end-point of therapy, equates with protection against potentially lethal ar-
rhythmias in chronic heart disease, is still lacking. Conversely, it is not yet
known that failure to suppress premature ventricular contractions by adequate
quantities of antiarrhythmic drugs indicates persistence of risk [3]. Other
confounding information include the observations.

1. that antiarrhythmic drug pharmacodynamics differ in acute and chronic
clinical settings, when measured in terms of the concentrations of anti-
arrhythmic agents required for suppression of premature ventricular con-
tractions [4] (Fig. 1),

2. that high frequency premature ventricular contractions may persist at con-
centrations of antiarrhythmic agents which can be demonstrated to prevent
episodes of recurrent ventricular tachycardia [4] (Fig. 2) or ventricular
fibrillation [5], and

3. that patients may remain at risk for potentially lethal forms of ventricular
arrhythmias even with quantitative suppression of premature ventricular
contractions [6].

All of these observations highlight the conclusion that the relationships be-

tween forms of ventricular arrhythmias )e.g., PVC’s versus salvos versus

ventricular tachycardia/fibrillation), the frequency for ventricular ectopic ac-
tivity, and the influences of antiarrhythmic therapy on these two methods of
analysis require further clarification.

A therapeutic end-point which is based on eradication of specific forms of
ventricular ectopic activity assumed to identify high risk for potentially lethal
arrhythmias, as opposed to quantitative suppression of premature ventricular
contractions, may be a more achievable end-point of therapy. Lown and
co-workers suggested in 1977 that therapy directed to the suppression of the
more advanced grades of ventricular ectopic activity constituted a satisfactory
therapeutic end-point for management of patients at risk for potentially lethal
arrhythmias [2]. More recently, Graboys and co-workers [7] published further
data in support of this approach, suggesting that eradication of Lown Class 4-B
and Class 5 ventricular ectopy, documented by ambulatory monitoring and
exercise testing, provided a satisfactory end-point of therapy even if prema-
ture ventricular contraction suppression was <50%. Using this method, these
investigators demonstrated a dramatic difference in outcome, with approxi-
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Fig. 1. Comparison of effectiveness of procainamide in suppressing premature ventricular com-
plexes (PVCs) in acute myocardial infarction and in chronic ischemic heart disease. Top: plasma
levels of procainamide and total PVC count on 30-minute segments of a Holter monitor tape in six
acute myocardial infarction patients. Bottom: similar data for six patients with stable chronic
ischemic heart disease. The frequency of PVCs at minimum plasma levels of procainamide is
similar in both groups of patients (y-intercepts = 46.0 and 46.1 PVCs/30 minutes, respectively).
However, the slopes are significantly different in the two patient groups (p<0.02), suggesting that
PVCs in acute myocardial infarction are more sensitive to suppression by procainamide at
comparable plasma levels than are PVCs in the setting of chronic ischemic heart disease. Linear
regressions were calculated for all points producing 95% or less PVC suppression. The individual
data for each of the six patients in each group are indicated by the six symbols in the top panel.
(Reprinted with permission of the American Heart Association, Inc. from [4])

mately 90% of the patients in whom advanced forms persisted dying within 3
years, and a 90% survival rate in those patients in whom this end-point was
achieved.
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Fig. 2. Plasma levels of procainamide, frequency of premature ventricular complexes (PVCs) and
protection against sustained ventricular tachycardia (VT) in a patient having frequent episodes of
recurrent sustained ventricular tachycardia. The threshold plasma level of procainamide for
protection against sustained VT was 8.2 ug/ml. Between 2.0 and 15.0 ug/ml, there was uniform,
dose-related suppression of PVCs, which had achieved suppression of only 31% of baseline PVC
frequency at the plasma level that protected against sustained VT. In the range between 15.0 and
20.0 ug/ml (open arrow), the relationship between plasma levels and frequency of PVCs changes,
departing from the linear regression line constructed for data points at lower plasma levels. This
suggests a PVC suppression threshold effect beginning in the range of 12.5-15.0 ug/ml, a consid-
erably higher plasma level than required for protection against VT. No single nonlinear analysis fit
the data. (Reprinted with permission of the American Heart Association, Inc. from [4].

Therapy guided by programmed electrical stimulation

The second end-point listed above, programmed electrical stimulation for the
purpose of identifying risk of potentially lethal arrhythmias and for evaluating
efficacy of antiarrhythmic intervention, has received considerable attention in
recent years. This approach to management assumes that induction of specific
ventricular arrhythmias in the clinical electrophysiology laboratory is pre-
dictive of risk for the clinical occurrence of such arrhythmias, and that the
ability to prevent induction by the use of antiarrhythmic drugs indicates
protection against the spontaneous clinical arrhythmias. This approach was
initially applied to patients with chronic recurrent ventricular tachycardia
[8-11], and several major studies have suggested that this is a successful
method for management of such patients. A number of controversies concern-
ing predictive accuracy of protocols and the proper role of this technique
persist, but are beyond the scope of this writing. In addition, this method of
guilding long-term therapy has also been applied to patients who have survived
prehospital cardiac arrest [12, 13], although debate continues about which
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patients benefit optimally from this approach, compared to the others [7,
14-16]. Patients in whom the mechanism of prehospital cardiac arrest is
hypotensive sustained ventricular tachycardia are least controversial [15, 17].
Although ventricular fibrillation is a far more common mechanism of pre-
hospital cardiac arrest identified at initial contact by emergency rescue systems
[17], and even bradyarrhythmic events are more common than documented
sustained ventricular tachycardia [17, 18], there is a 70-80% probability of
inducing ventricular tachycardia in the laboratory among patients in this
subgroup [13, 17]. A response to a particular therapeutic regimen, suggested
by loss of inducibility during programmed stimulation in the presence of drug
therapy, is accepted as predictive of long-term efficacy of management with a
specific agent [8-11, 19].

When the electrical mechanism of prehospital cardiac arrest is documented
to be ventricular fibrillation, attempts to induce sustained ventricular tachy-
cardia or ventricular fibrillation in the clinical electrophysiology laboratory by
programmed stimulation studies are less uniformly successful. In our experi-
ence [17] and that of Ruskin et al. [20], approximately 30% of the ventricular
fibrillation survivors are inducible into either sustained ventricular tachycardia
or ventricular fibrillation during baseline programmed electrical studies. It is
assumed that inducibility has the same prognostic significance as does in-
ducibility in recurrent ventricular tachycardia patients, although no properly
controlled studies have been carried out to test this assumption. Furthermore,
data from Ruskin et al. [12] and Josephson et al. [13] both suggest that
prevention of inducibility by specific antiarrhythmic therapy is protective
against recurrent cardiac arrest during long-term management of these pa-
tients.

The remaining 70% of patients who have prehospital cardiac arrest due to
ventricular fibrillation are either non-inducible (30%) or inducible into vari-
ous non-sustained forms (40%) — repetitive ventricular responses, salvos,
non-sustained ventricular tachycardia [20]. Some investigators have suggested
that inducibility of non-sustained forms in this patient population indicate high
risk for recurrent cardiac arrest, and that prevention of induction of such forms
by antiarrhythmic therapy indicates protection [12]. These data are based on
relatively small numbers of patients, and more extensive studies of carefully
defined clinical groups are required to reach definitive conclusions. Our data,
although not yet conclusive, supports the hypothesis that inducibility of non-
sustained ventricular tachycardia indicates high risk for recurrent cardiac
arrest, but we believe that the case for suppression of induced non-sustained
forms as an end-point of therapy is yet to be proved.

A second area of major controversy involves the subgroup of ventricular
fibrillation survivors who are not inducible in the electrophysiologic lab-
oratory, even into non-sustained forms. Some investigators have suggested
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Fig. 3. Frequency of ventricular ectopic beats recorded from 24-hour Holter monitor tapes in
long-term survivors of prehospital cardiac arrest. Frequency recorded when trough levels of
antiarrhythmic agents were subtherapeutic (light cross-hatching) compared with frequency at
therapeutic levels (heavy cross-hatching). Black lines indicate + SE. Data derived from 101
Holter monitor recordings (63 at therapeutic plasma levels and 38 at subtherapeutic levels),
indicate insignificant decrease in ectopic beat frequency at therapeutic plasma levels compared
with subtherapeutic levels. Both groups maintained high frequency of chronic ventricular ectopic
beats. (Reprinted with permission of the American Medical Association, Inc. from [14].)

that non-inducibility may mean non-vulnerability, at least in some patients [12,
21], but data from ambulatory monitor recording suggests that many patients
who are non-inducible still carry a significant risk [22], particularly if they have
high grade ventricular ectopy on ambulatory recordings [2, 7]. Thus, this
subgroup of patients should be treated with antiarrhythmic therapy guided by
other techniques.

Empiric antiarrhythmic therapy

The difficulty in predictably suppressing ventricular ectopic activity in high
risk patients (Fig. 3), plus the suggestion that patients may be protected
against recurrent arrhythmias even when complex forms are not completely
suppressed (Fig. 4), focuses on the pragmatic need for a third approach to
antiarrhythmic therapy targeted to the prevention of potentially lethal ar-
rhythmias. This empiric approach includes monitoring of plasma levels of
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Fig. 4. Representative rhythm strips and corresponding plasma levels of procainamide (PA) in a
patient who had recurrent sustained ventricular tachycardia. A. A run of ventricular tachycardia,
associated with a fall in blood pressure (BP | ) when the plasma level of procainamide was
7.0 ug/ml. B-D. Three representative strips at plasma levels above that required to prevent
ventricular tachycardia, at which complex forms of ventricular ectopic activity still occurred. The
patient remained normotensive during these periods (BP 1 ). E, F. Almost complete suppression
of premature ventricular complexes (PVCs) at higher plasma levels (17.9 and 19.8 ug/ml, respec-
tively), but these levels resulted in myocardial depression and hypotension (BP | ). (Reprinted
with permission of the American Heart Association, Inc. from [4].)

antiarrhythmic agents, with dose-adjustment to a plasma level range which
demonstrates efficacy on a statistical basis [1, 5, 14, 22], or dose ranging of
certain antiarrhythmic agents in which meaningful plasma level monitoring is
not technically feasible or practical. Our experience with empiric therapy,
based on a plasma level monitoring and dose ranging, began in 1975, during
long-term follow-up studies of prehospital cardiac arrest survivors. At that
time, the use of programmed electrical stimulation studies in high risk patient
populations was in its infancy; and at the same time, we began to observe the
futility of attempts to quantitatively suppress chronic ventricular ectopic activ-
ity in survivors of prehospital cardiac arrest [1], as Lown et al. also observed in
other high risk patients [2]. We began to test the use of plasma level monitoring
itself as an end-point for therapy.
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Fig. 5. Risk of recurrent cardiac arrest in survivors of prehospital cardiac arrest followed up until
recurrent event (recurrent cardiac arrest (cross-hatched bars)), or for at least 24 months (long-
term survivor group (solid bars)). Risk of recurrent cardiac arrest in patients maintaining stable
therapeutic plasma levels of antiarrhythmic agents was 8% (1/12), while risk for recurrent cardiac
arrest in patients whose plasma levels fell into subtherapeutic range, or fluctuated markedly
between therapeutic and subtherapeutic ranges, was 55% (11/20) (n = 32; x* = 5.12; p<0.02).
(Reprinted with permission of the American Medical Association, Inc. from [14].)

Since our initial 4 years of experience suggested clinical efficacy measured
by a lower than expected incidence of recurrent cardiac arrest [5, 14] (Fig. 5),
despite failure to predictably suppress ventricular ectopic activity, we contin-
ued to test this approach as a method of therapy. Continued studies to the
present suggest that plasma level monitoring as a primary end-point yields an
acceptable outcome compared to other methods [22]. Empiric therapy does
carry with it a major uncertainty that we are dealing to a greater extent with
statistical probabilities, as opposed to individual responses, than is the case
with programmed electrical stimulation or specific complex form suppression.
However, our observations during an 8-year study of survivors of prehospital
cardiac arrest managed by this method demonstrated a 10% recurrent cardiac
arrest rate during the first year of follow-up, followed by a 5%/year increment
for each of the ensuing 3 years. The recurrent cardiac arrest rate becomes
insignificant beyond the initial 36-48 months of follow-up [22]. This outcome
contrasts to a 30% recurrent cardiac arrest rate during the first year of
follow-up and an additional 15% during the second year among survivors of
prehospital cardiac arrest in the time period from 1970-1973 [23, 24]. Thus, the
cumulative 2-year recurrent cardiac arrest rate in the 1975-83 study is 15%,
compared to 45% in the 1970-73 period (p<<0.001) [22]. In the earlier study,
antiarrhythmic therapy was inconsistent and used at dosages much below
those considered standard today [23]. However, despite the fact that a number
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of key predictors of risk were similar in the two groups, including age, sex,
percentage of patients with coronary artery disease, prior myocardial in-
farctions, low output states at the time of cardiac arrest, and the frequency of
intraventricular conduction disturbances, other subtle population differences
may confound the comparison between the two time periods. Nonetheless, a
recurrent cardiac arrest rate of 10% at 1 year and 15% cumulative at 2 years,
using plasma level monitored antiarrhythmic therapy with standard drugs, is
an achievable end-point against which to compare other techniques.

Overview of the role of plasma level monitoring

Monitoring of plasma levels of antiarrhythmic agents may have applications in
techniques of management beyond the use of empiric antiarrhythmic therapy.
Specifically, matching plasma levels to the results of programmed electrical
stimulation and of ambulatory monitor recordings during attempts to suppress
complex forms of ventricular ectopic activity, may help guide the clinician in
maintaining an end-point of therapy which appears useful. Metabolic fluctu-
ations may influence the interpretation of monitored plasma levels, such as
changes in the unbound fraction of antiarrhythmic drug concentrations during
the evolution of acute myocardial infarction [25], or during long-term follow-
up of high risk patients [26]. Nonetheless, levels identified to be protective
against ventricular tachycardia induction in the electrophysiology laboratory,
or levels which are associated with suppression of advanced forms of ventric-
ular ectopy or ambulatory monitoring, may be used as a guide to continued
protection during long-term follow-up of such patients.

Evaluation of the outcome of antiarrhythmic drug management, guided by
any end-point, is complicated by the fact that all antiarrhythmic drugs have
different ranges of ‘therapeutic’ plasma concentrations.

In order to compare patients who are receiving different drugs within
specific study groups, we have developed a simple method for ‘normalizing’
plasma levels in respect to their known therapeutic ranges [22]. This method,
shown in Table 1, separates the upper and lower values within the therapeutic
range from values above and below that range for any drug for which meaning-
ful plasma levels can be determined. A target score for therapy of groups of
patients can be determined by identifying the levels at which an end-point of
therapy can be achieved (e.g., prevention of inductibility in the electrophysiol-
ogy laboratory; suppression of salvos or non-sustained ventricular tachycardia
on ambulatory monitoring or exercise testing). For patients who require an
epiric approach to therapy, our data suggests that a target score of 3 (upper
half of therapeutic range) is appropriate, and a score of 4 (supratherapeutic
levels) can be used if tolerated [22]. In an 8-year study of survivors of prehospi-
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tal cardiac arrest, we have applied this technique and found that a mean
normalized score of 2.63 £0.94 was observed in the long-term survivors,
while a score of 1.33+1.23 (p<0.01) was observed in patients who had
recurrent cardiac arrests. In addition, plasma levels were below the target
score of 3 at the last plasma level determination in 14 of 16 patients (87%) who
had recurrent cardiac arrests, while levels were at or above a score of 3 in 24 of
34 patients (71%) who remained long-term survivors (p<0.001) [22].

For the management of individual patients whose therapy is guided by the
results of programmed electrical stimulation, or by specific suppression of
complex forms on ambulatory monitoring, the normalized scoring of plasma
levels may be convenient, but is not essential. Simply matching plasma levels
to a favorable end-point is sufficient. For example, Fig. 6 demonstrates data
recorded from a patient monitored during an acute drug testing protocol.
During a 2!/, hour monitoring period prior to a single oral dose of quinidine
sulfate, the patient had approximately 10 ventricular ectopic beats/minute,
and many salvos (sample in tracing A). Quinidine completely suppressed the
ventricular ectopic beats for almost 2 hours when the plasma level was 2.0 ug/
ml. When the ectopy returned, at approximately the same frequency, no forms
more advanced than single beats were recorded until the quinidine plasma
level fell below 1.3 ug/ml. Targeting to a plasma level of 1.8 ug/ml suppressed
the complex forms, with lesser suppression of the total frequency. If one
accepts complex form suppression as an end-point of therapy [7], chronic
management can be guided by dose adjustment to maintain the target level in
this patient. It is also noteworthy that high plasma levels of another common
drug, procainamide, was unsuccessful in controlling complex forms in this
patient. A similar algorithm of matching plasma levels to end-points during
programmed electrical stimulation evaluation has been demonstrated [9], and,

Table 1. Normalized plasma levels antiarrhythmic agents.

Score  Range Examples of values for selected drugs in general use
in the United States, 1980-83

Procainamide Quinidine Disopyramide
0 Nil - - -
1 Subtherapeutic <4.0 ug/ml <2.3pg/ml <2.0ug/ml
2 Therapeutic lower half 4.0-6.0 ug/ml 2.3-3.6 ug/ml 2.0-3.5 ug/ml
3 Therapeutic upper half 6.1-8.0 ug/ml 3.7-5.0 ug/ml 3.6-5.0 ug/ml
4 Supratherapeutic < 8.0 ug/ml* <5.0 ug/ml* <5.0 ug/ml*

* Upper limits of supratherapeutic ranges are determined by tolerance, toxic and/or dose-related
pro-arrhythmic effects. These limits are not predictable for individual patients, and must be
guided by individual assessment of each patient.
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Fig. 6. Differential suppression of unifocal single premature ventricular contractions and salvos.
The top panel demonstrates the frequency of ventricular ectopic beats (bars) and heart rate
variations (dots) during a 6"/, hour computerized trend recording. The electrocardiagram labelled
‘A’ corresponds in time to line ‘A’ (9:45 a.m.) from the trend recording, and tracing ‘B’ corre-
sponds to line ‘B’ (1:04 p.m.). Tracing A and B are representative of the most advanced forms
recorded before and after a 400 mg oral dose of quinidine sulfate. After receiving quinidine,
ventricular ectopy was completely suppressed for more than an hour but premature ventricular
contractions then returned, achieving approximately the same mean frequency recorded before
the drug. In contrast, salvos which had been frequent before quinidine did not return at the same
time that single ventricular ectopics recurred; salvos were suppressed for an additional 2 hours
after point ‘B’. Corresponding plasma levels were a peak quinidine concentration of 2.0 ug/ml at
the time of complete suppression, 1.3 to 1.8 ug/ml when single ventricular ectopics had returned,
and less than 1.3 ug/ml when salvos returned. Differential sensitivity of complex forms, in
relationship to changing plasma concentrations of quinidine, was observed in this patient.

in our experience, can be applied to long-term management after initial
evaluation. In the latter case, however, any necessary drug change requires
evaluation of the end-point for the new drug to maximize efficacy [19].

Conclusion

Plasma level monitoring of antiarrhythmic drugs has a role in the management
of patients at risk for potentially lethal arrhythmias. Our original hypothesis
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was based on the proposal that this approach, used empirically, is useful
because ‘anti-fibrillatory/anti-tachycardia’ effects may dissociate from ‘anti-
arrhythmic’ effects (i.e., chronic PVC suppression). In addition, however,
targeting of plasma levels may also be useful for long-term management of
patients whose therapy is guided by more specific end-points: programmed
electrical stimulation or complex form suppression. The problem of compar-
ing plasma levels for different drugs used in groups of patients can be over-
come by normalizing levels by a method we have tested in survivors of
prehospital cardiac arrest.
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2.6 Amiodarone as Drug of First Choice in the
Prevention of Sustained Ventricular Tachycardia (VT)
and/or Ventricular Fibrillation (VF)

J.MA. DOMINGUEZ DE ROZAS, J. GARCIA PICART, J. GUINDO
SOLDEVILA, R. OTER RODRIGUEZ and A. BAYES DE LUNA

Introduction

The prevention of sudden death in patients with malignant ventricular arrhyth-
mias is one of the greatest challenges facing cardiology in the eighties. Drug
selection by means of intracavitary electrophysiological studies (IES) intro-
duced by Josephson et al. [1], the acute drug test (ADT) described by Lown et
al. [2], and the determinations of plasma levels defended by Myerburg and
Castellanos [3] are the most common pharmacological alternatives in use in
hospitals in the search and choice of an efficient antiarrhythmic treatment,
considering in general that empirical treatment is inadvisable in patients with
malignant ventricular arrhythmias.

For all these techniques, due to the pharmacokinetics of amiodarone, this
drug is usually not used as drug of first choice and is dependent on the failure of
other antiarrhythmics. The reasons for this are the doubtful utility of electro-
physiological tests in determining the response to amiodarone [4-7], the
doubtful validity or uncertainty of the use of plasma level determinations of
amiodarone [8-10], and the long latency period between administration of the
drug and the moment of maximum efficiency [11]. For these reasons and due,
possibly, to the lack of availability of the product for routine use in some
countries, the majority of publications on amiodarone in the treatment of
VT/VF has been limited to groups of patients selected following the failure of
other antiarrhythmics [12-19], in which case we are probably confronted with
patients with particularly uncontrolled ventricular arrhythmias. In spite of
this, amiodarone is considered in many of these studies to be a highly effective
antiarrhythmic in the control of malignant ventricular arrhythmias.

The aim of this study was to determine the validity of empirical treatment
with amiodarone as drug of choice in the treatment of VI/VF in a general
population of patients, not selected following the failure of other antiarrhyth-
mics.
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Method

Between January 1984 and January 1987, 33 patients with malignant ventric-
ular arrhythmias were included in a study designed to evaluate systematic
empirical treatment with amiodarone in the prevention of the recurrence of
ventricular tachycardia or ventricular fibrillation.
The criteria needed for inclusion in the study were:
1. Less than 80 years old,
2. having presented an episode of sustained VT (a VT requiring medical
intervention for its control) or VF,
3. arrhythmia not due to the acute phase of myocardial infarction (96 hours)
or other correctable cause (electrolytic disturbances, drugs etc.),
4. absence of clear contraindication to amiodarone,
5. possibility of outpatient follow-up, and
6. having completed a minimum of 10 days with amiodarone.
On analyzing the results, the condition was deemed to be a VF when, in spite
of an initial recording of VT, this was seen to degenerate into VF, requiring
immediate electric cardioversion. Of the 33 patients initially included, only
one could not be followed-up in out-patient control and was excluded from the
analysis.
Final points of the analysis were:
1. failure of amiodarone,
2. patient’s death,
3. suppression of amiodarone due to the appearance of colateral effects with
functional alterations.
Failure of amiodarone was defined as sudden death or the relapse of arrhyth-
mia with equal characteristics, after 10 days of treatment. The recurrence of
arrhythmia with slower ventricular rate and hemodynamic tolerance was not
considered to be a failure of the treatment, although it was the cause, in some
patients, for an association with other antiarrhythmic drugs. The only case in
which a Mirowski defibrillator had previously been placed was considered to
be a failure of the amiodarone and was included in the results as a sudden death
due to multiple hospital relapses of the arrhythmia with effective cardio-
versions and later death due to heart failure. The patients in whom the
appearance of colateral effects (n = 3) was the motive for suppression of the
drug were considered for analysis until the moment of suppression. After
discharge, the patients were followed up in a specialized out-patient clinic with
clinical, analytical and radiological controls, paying special attention to the
appearance of toxic side effects. In case of death, direct information was
obtained from relatives who lived with the patient, or from the medical center
where he had attended. Sudden death was defined as either instant or occur-
ring within six hours after having been seen with no worsening of the clinical
situation.
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Amiodarone was administered in doses of 1,200 mg/day for a week, fol-
lowed by 600-800 mg/day for the rest of the month and 400-600 mg/day on
continuation, for 5-6 days a week. The patients having arrhythmias that were
considered to be of greater clinical severity (VF) were given higher doses. In 6
patients, other drugs were associated with amiodarone (mexiletine and pro-
paphenone) for the first month. A study of left ventricular function with
isotopes and/or angiography and periodic controls with Holter recording were
carried out systematically whenever possible.

Holter recorded post-treatment was considered positive when any of the
following were seen:

1. over 30 premature ventricular contractions (PVC)/hour,

2. presence of pairs of PVC, and/or

3. salvos of 3 or more PVC.

Of the total of 33 patients in the study, 32 were admitted directly to our
Cardiology Intensive Care Unit due to arrhythmias. Only one patient initially
attended at another centre and was referred to the out-patient clinic for later
evaluation.

The group was made up of 25 males and 7 females. The diagnosis and clinical
characteristics are summarized in Tables 1 and 2. The diagnosis in 22 patients
was ischemic heart disease, operative rheumatic valulopathy in 2, dilated
cardiomyopathy in 2, hypertrophic cardiomyopathy with family history of
sudden death in one and with no detectable heart discase in 5 (in one case there
was coexisting hypothyroidism). In the group with ischemic heart disease
(n = 22), the arrhythmia was produced in 10 during the late hospitalization
phase following acute myocardial infarction (16.2 £ 5.6 days) and in 12 follow-
ing hospital discharge after the same illness, with an interval of over 40 days.
Six patients were definite pacemaker wearers, though in no case had implanta-
tion of pacemaker been due to Stokes-Adams’ crisis; in four cases pacemaker
implantation was due to advanced AV block or marked sinusoidal depression,
and in two cases it was based on the benefits obtained with the provisional

Table 1. Diagnosis.

No of patients

Ischemic heart disease 22
Valvular heart disease

Idiopathic dilated cardiomyopathy
Hypertrophic cardiomyopathy

Primary hypothyroidism

Whithout cardiopathy or other pathology

L I S

Total 32
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pacemaker for control of the ventricular arrhythmia. In one patient a Mirow-
ski internal defibrillator was placed before treatment was begun. The type of
arrhythmia bringing about inclusion in the study was VF in 15 and VT with a
mean ventricular heart rate of 202 + 41 in 17. The history of the arrhythmia
previous to treatment was less than 15 days in 27 patients, to 1 month in 2
patients and to 12 months in 3. In functional class I-II (NYHA) there were 23
patients, and 9 were in class III-IV. The mean time of follow-up was 16.9 + 11
months (3-58 months) and was only less than 6 months in 1 patient.

LVEF was obtained in 28 cases, 18 by means of isotopic ventriculography
and angiographically in 10.

Twenty-four-hour Holter monitoring was performed on 30 patients follow-
ing a minimum of 15 days’ treatment. In the search for clinical predictors of the
results, we analyzed the relationship between these and the following var-
iables: age, sex, diagnosis, type of arrhythmia, number of episodes, number of
cardioversions, coexistence of bundle branch block, result of the Holter mon-
itoring, functional class and LVEF.

The statistical analysis was carried out by means of the Student-Fisher t-test

Table 2. Baseline characteristics.

Age S1.7x17.5
Male/Female 2517
NYHA

I-11 23

-1V 9
Fascicular blocks

With 14

Without 18
Arrhythmia

VF 15

VT 17
Interval from the first episode to admitance

< 15 days 27

> 15 days 5

Number of episodes
1 11

>1 21
Number of defibrillations 2.1%£3.6
Permanent pacemaker 6
Other antiarrhythmic drugs added* 6
Holter post-treatment (n = 30)

Positive 10

Negative 20
Mean ejection fraction (n = 28) 39+ 20%

* Only during the first month.
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for independent quantitive variables, chi-square with Yates’ correction and
Fisher’s exact test for the qualitative variables.

Results

In the follow-up time of 16.9 + 11 months, the global mortality was 37.5% (12
cases). All deaths were considered to be of cardiac origin (Table 3). The

differentiation between sudden or non-sudden cardiac death according to the
established criteria was possible in all but one case. The incidence of sudden

Table 3. Mortality: cause and time of death (n = 32).

<6 month > 6 month Total
Sudden death 6 2 8
CHF* 3 - 3
Unknown 1 - 1
Total 10 2 12

* Congestive heart failure.

Table 4. Univariate predictors of mortality.

All death (P) Sudden death (P)
Age NS NS
Sex NS NS
Diagnosis (ischemic versus
non-ischemic heart disease NS <0.05
NYHA (I-II versus III-1V) <0.01 NS
Branch blocks NS NS
Arrhythmia (TV/FV)
<0.05
<0.05
Time since the first episode* NS NS
Number of episodes
NS
NS
Number of defibrillations NS NS
Other antiarrhythmic drugs added NS NS
Permanent pacemaker NS NS
Post-treatment Holter (results) NS NS
Ejection fraction <0.05 NS

* Time since the first episode: > 15 days versus <15 days.
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Table 5. Mortality according to arrhythmia and LVEF.

N Death Alive
VF (n=11) p>0.05
LVEF <30% 5 50 0
LVEF=30% 6 0 6
VT (n=17) p=NS
LVEF <30% 8 2@ 6
LVEF=30% 9 1° 8

2 No sudden death.
® Sudden death.

death was 25% (8 cases). Of the total deaths, 83% ocurred within the first six
months of inclusion in the study (Table 3).

In Table 4, we have summarized the degree of significance of the variables
analyzed in respect to global death and sudden death. Predictive factors in
global mortality were the worst functional class (NYHA III-1V; p<0.01) the
type of arrhythmia (VF versus VT, p<0.01) and reduced LVEF (survivors
44.6 £19.7 versus 27.7 £ 7.5 in cases of exitus: p<0.05) (Table 4). No differ-
ences were seen in global and sudden death among the patients with definite
pacemaker (n=6). On the other hand, in the analysis of sudden death the
predictive factors were the diagnosis (a greater incidence of ischemic heart
disease, p<0.01) and the type of arrhythmia (VF versus VT: p<0.05).

When analyzed as a whole for all patients, LVEF was of no predictive value
for sudden death. On the other hand, following the subdivision of the patients
into groups of high risk and low risk, in agreement with the type of arrhythmia
(VT or VF), the LVEF (established within an arbitrary limit of 30%) allowed
the patients with maximum risk of sudden death to be separated within the
group of VF. Of the 5 patients with VF and LVEF<30%, all died of sudden
death. On the other hand, in the group with VF and LVEF=30% all patients
survived (Table 5). Within the VT group (n=17) the incidence of sudden
death was low: only one case in a patient with hypertrophic cardiomiopathy
and family antecedent of sudden death.

Discussion

Although amiodarone has been widely used in the preventive treatment of
VT/VF in recent years, its use appears to have been limited to the patients in
whom conventional antiarrhythmic drugs have failed. In this respect our study
is different from the majority of publications in that we used amiodarone as a
drug of first choice in empirical and systematic treatment in a series of consec-
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utive patients who had suffered an episode of VF or VT.

During a follow-up period of 16.9 = 11 months we observed an incidence of
therapeutic failure or sudden death of 25%, 83% of the deaths being produced
during the first 6 months. This index of therapeutic failure is similar to that
published by Di Carlo [20] and slightly inferior to that of Horowitz [5] and
Fogoro [21] in more numerous series and in which conventional antiarrhyth-
mic drugs had failed. Di Carlo [20] described cardiac arrest due to VT, VF and
sudden eath in 25 of 104 patients (24% ). Horowitz [5], including symptomatic
VT as failure as well as VF or sudden death, found a somewhat higher number
of failures, 38 of 100 patients. In Fogoro’s study [21] and applying failure
criteria similar to those of Horowitz, amiodarone proved to be ineffective in 23
of the 70 patients with VT/VF (32%). In agreement with these figures, and
considering the possibility that patients in whom this treatment took place
following the failure of conventional drugs may have arrhythmias of worse
prognosis, the similarity of results in our study and those of the series publish-
ed would advise against the administration of amiodarone as drug of first
choice. However, the differences in the clinical characteristics of the patients
studied should also be kept in mind before drawing definite conclusion.
Swerdlow [22], Spielman [23] and Kerin [24] among others, have shown the
existence of predictive clinical factors, the results of which are quite separate
from the treatment or selection method used, and which invalidate any type of
conclusion being drawn from a comparison among groups of patients with
non-homogenous clinical characteristics. Swerdlow [22] observed that the
worst functional class has a predictive value independent of the sudden death
risk. In 166 patients treated with different antiarrhythmic drugs selected in
agreement with the electrophysiological method, Spielman [23] found that
factors correlating with the success of the treatment are: age under 45, LVEF
superior to 50% , absence of heart disease and hypokinesia as the only anomaly
of contraction. On the other hand, in patients with potentially malignant
ventricular arrhythmias in whom selection of the antiarrhythmic drug is made
in agreement with the result of the Holter monitoring, Kerin [24] observed that
the capacity of the treatment to control the arrhythmia decreases with LVEF.
Among patients with LVEF<40%, the incidence of accumulative sudden
death in 1, 2, and 3 years was 57%, 71% and 79% respectively.

In light of the clinical variations considered, the analysis of our results allows
us to define those patients in whom treatment with amiodarone as drug of
choice have greater possibilities of success or failure.

In our study, the diagnosis (ischemic versus non ischemic heart disease) and
the type of arrhythmias were the two variables of greater statistical significance
in the identification of patients with a good or bad response to treatment.

Predictive value of the diagnosis is not a surprising finding and agrees with
the results described by Wellens [25], who drew attention to the good progno-
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sis of the idiopathic ventricular tachycardia (in patients without detectable
heart disease) when compared to patients with ischemic heart disease. In our
study we compare the incidence of sudden death among patients with ischemic
heart disease and the rest of the patients in whom, although there may be
different diagnoses, there is an unusually high number of idiopathic ventric-
ular tachycardias (50% of total patients of this latter group).

We feel that the second factor found to have predictive value, the type of
arrhythmia (VF versus VT), is no more than a logical consequence of the
criteria chosen to define the initial arrhythmia. With such criteria, patients
were subdivided into two groups depending on whether the arrhythmia pro-
duced circulatory arrest (VF) or not (VT). In another study carried out in 104
patients treated with amiodarone following the failure of conventional ar-
rhythmic drugs, Di Carlo et al. [20] found that one predictive factor for failure
of treatment was the antecedent of syncope or cardiac arrest, a parameter
which in fact showed patients with arrhythmia as being more serious clinically,
as was also seen in our group of patients with circulatory arrest.

In contrast to other studies which also analyze their results according to the
different clinical parameters [20, 23, 26], the LVEF did not reach an independ-
ent predictive value in our study, although it was on the margin of significance.
The reduced number of patients studied may explain this discordance of our
results. However, the LVEF does add predictive value when its significance is
analyzed following subdivision of the patients, in agreement with the type of
initial arrhythmia (VF or VT). Coexistence of an LVEF inferior or, equal or
superior to 30% enables patients in the worse prognosis group (VF) to be
separated into better or worse response to treatment. All the cases with VF
and LVEF inferior to 30% died due to sudden death. On the other hand, in the
patients with VT the mortality was low and independent of the LVEF value.

In conclusion we may deduce that in the group of patients studied there are
clinical variables (diagnosis, type of arrhythmia and LVEF), which enable
identification of patients in whom treatment with amiodarone as drug of first
choice has a greater chance of failure. In consequence, we consider that
treatment with amiodarone as a drug of choice should be preceded by clinical
characterization (including the LVEF determination) of the patient in arrhyth-
mia with risk of sudden death, ruling out those patients in whom there coexists
VF and an LVEF inferior to 30%. In contrast, in patients with sustained VT or
those who have presented an episode of VF and have an LVEF equal or
superior to 30%, amiodarone administered in an emperical form as drug of
choice, constitutes a valid therapeutic alternative.
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Summary

In 32 patients with sustained ventricular tachycardia (VT) or recuperated
ventricular fibrillation (VF), we carried out empirical treatment with amioda-
rone as drug of first choice. The patients were followed up for 16.9 = 11
months (3-58), and results of treatment were analyzed both globally and
according to the clinical variables collected during follow-up. The incidence of
global cardiac death was 37.5% (12 cases) and of sudden death 25% (8 cases).
The worst functional class (NYHA III-1V; p<0.01), the type of arrhythmia
(VF versus VT; p<0.05) and the lesser left ventricular ejection fraction
(LVEF) (p<0.01) were the variables which correlated significantly with the
global mortality. In sudden death patients, significant variables were the
diagnosis (ischemic heart disease versus miscellaneous; p<<0.05) and the type
of arrhythmia (VF versus VT; p<0.05). The LVEF did not reach a significant
value as an isolated variable. However, when patients were divided into high
and low risk groups, according to the type of arrhythmia (VF versus VT), and
LVEF<30% permitted identification of all patients with sudden death in the
group of VF. In conclusion, we consider that treatment other than that used in
this study should be selected for patients with VF and LVEF<30%. In
patients with VT or an LVEF=30% empirical treatment with amiodarone as
drug of first choice is a valid therapeutic alternative.
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A. BAYES DE LUNA

Conclusions

In the preceeding pages, the different pharmacologic approaches to the treat-
ment of malignant ventricular arrhythmias (MVA) have been described. I do
not think that it has been demonstrated which is of choice. In reality, the
election depends partly on the possibilities of each hospital and the cost of
these expensive techniques. It would be helpful if a long-term study were
realized comparing the different approaches to determine which of them is the
best [1-10]. Until this is done, the choice of procedure will be individual.

The algorithm in Fig. 1 summarizes the possible approaches. As we have
already mentioned, different authors have obtained promising results by using
acute drug test, plasma concentrations or intracavitary electrophysiological
studies (IES). If none of these forms of treatment control can be practiced, or
if no effective results are obtained, the best course could be an empirical
treatment consisting of oral administration of a potent and minimally arrhyth-
mogenic antiarrhythmic drug with frequent Holter controls to confirm its
efficacy, changing to another drug if necessary. Amiodarone, propaphenone
and flecainide are, probably, the drugs of first choice, but mexilitine, tocainide
and disopyramide may be effective, as well as the traditional drugs quinidine
and procainamide. In this sense the experience of Dominquez et al. with
amiodarone is very promising. The most arrhythmogenic is probably quinidine
and that which most depresses contractility in patients with left ventricular
failure is disopyramide and flecainide. If pharmacologic treatment of MVA
fails, non-pharmacologic treatment should be considered (pacemaker, de-
fibrillator implantation, surgical or catheter ablation techniques) [11-13].

We think that the future of the Mirowski’s technique and the catheter
procedures are very promising, especially considering that the ideal anti-
arrhythmic has yet to be found.
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Fig. 1. Algorithm of possible approaches to the management of the ventricular malignant

arrhythmias.
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3. The Surgical Treatment of the Arrhythmias



3.1 Introduction

J. FARRE MUNCHARAZ

Although the arsenal of drugs now available for interrupting episodes of
tachycardia, as well as for preventing recurrences, is considerable, a sub-
stantial number of patients is not adequately controlled with antiarrhythmic
drugs. The next papers will deal with some of the non-pharmacologic alterna-
tives presently available. The role of the cardiac pacemakers will be discussed
elsewhere.

The use of non-pharmacologic therapeutic approaches to patients with
tachycardia should pursue the objective of obtaining a better quality and/or
life expectancy than that provided by antiarrhythmic agents. The selection of
candidates for these alternative forms of treatment is based on considerations
relative to the age of the patients, presence of organic heart disease, site of
origin, mechanism and clinical consequences of the tachycardia, response to
conventional antiarrhythmic drugs and those under development, the pa-
tient’s capacity to follow a determined antiarrhythmic treatment and previous
experience with the non-pharmacologic therapeutic modality selected.

Accessory bundle surgery is undoubtedly the least experimental of all forms
of surgical treatment of tachycardias. In the hands of an expert and patient
surgeon provided with a preliminary electrophysiologic study with electro-
catheters and programmed stimulation as well as an accurate intraoperatory
map, most of the atrioventricular accessory bundles can be successfully sec-
tioned with almost no mortality and small morbidity. The long-term prognosis
of these patients has yet to be defined, especially with respect to the possibility
that they may develop tachycardias unrelated to the accessory bundle sec-
tioned. Data obtained in our laboratory in a series of 64 consecutive patients
with accessory bundles and tachycardia demonstrate that (excluding atrial
flutter and fibrillation) there are multiple tachycardia mechanisms in 20% of
the patients and that 77% of the tachycardias are unrelated to the single or
most evident accessory bundle. Inadequate preoperative evaluation can there-
fore lead to unsatisfactory long-term results in this type of patients.

Surgery of the ventricular tachcyardias (VT), particularly in patients with
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post myocardial infarction scarring, can be performed with acceptable mortal-
ity and offers promising short- and long-term results. However, the long-term
prognosis of these patients is unknown. It must be clarified whether we should
act only on the zones linked to the clinical VT or on all the potential types of
ventricular tachycardia that can be demonstrated in a patient. We also do not
know if antiarrhythmic medication should be given to patients who have had
endocardial resection and present nonsustained VT induced by programmed
electrical stimulation in the postoperative electrophysiologic study. These
unknowns, together with the progressive nature of ischemic heart disease, may
justify placing implantable defibrillator electrodes during the operation, con-
necting them to batteries if the patient presents severe arrhythmias in the
future or if sustained VT is induced in the postoperative electrical study. Until
now, patients considered to be candidates for surgical treatment of recurrent
sustained VT are those refractory to medical treatment. However, this con-
cept is not clearly defined. If we assume that refractory VT is that which can be
induced by electrical stimulation after diverse trials with antiarrhythmic drugs,
between 65% and 75% of the patients with recurrent sustained VT after
myocardial infarction could be considered candidates for non-pharmacologic
forms of treatment. However, we know that in the case of amiodarone and
perhaps propaphenone and other drugs, laboratory induction of sustained VT
is not useful to predict the clinical recurrence of the arrhythmia. In our
experience, 74% of the patients with sustained post infarction VT treated with
oral amiodarone (400-800 mg/day) remain alive and without VT during a
follow-up of 28 + 17 months, the mortality being 15% and the proportion of
cases in which treatment with this drug must be withdrawn 11%.

The implantable defibrillator is today something more than an idea since
there are now nearly 400 patients carrying the unit developed by Dr Mirowski.
This is a fascinating area in which important advances in the configuration and
localization of the electrodes, the mode of function of the cardioverter/de-
fibrillator and the physical dimensions of the device implanted are pending
realization.

Finally, the techniques of electrical ablation by catheter have opened the era
of therapeutic electrophysiology. In the forthcomming years we will see if it
will be electrical energy, or another type, which will be channeled through a
catheter to specifically injure areas essential for maintaining tachyarrhyth-
mias. Many of these techniques, such as those that will be discussed today, will
be history within 5 years. Important tasks are waiting to be done and we invite
the reader to participate in them.



3.2 The Role of Left Stellectomy in the Prevention
of Lethal Arrhythmias

MARIO FACCHINI and PETER J. SCHWARTZ

Introduction

It has progressively become evident that the sympathetic nervous system plays
an important role in the genesis of malignant arrhythmias [1-5]. This role is
likely to range from what seems to be an aggravating factor, as it occurs during
acute myocardial ischemia, to what constitutes a more substantial pathogenet-
ic mechanism, as in the case of the long QT syndrome [6].

According to these observations, there has been a widespread evaluation of
anti-adrenergic drugs, namely -blockers, in the prevention of sudden death,
particularly in patients with a prior myocardial infarction [7]. This approach,
although valid, does not take into account the importance of the a-adrenergic
effects of catecholamines in modifying the electrophysiologic substrate of
cardiac arrhythmias [8]. Also, the right and left cardiac sympathetic nerves
have a different arrhythmogenic potential [9]. It is known in fact that unilateral
sympathetic discharges may be more arrhythmogenic than a massive but
homogeneous activation of the sympathetic nervous system.

In this chapter we will discuss the rational basis and the clinical role of left
sympathetic cardiac denervation in the prevention of lethal arrhythmias.

Effects of left stellate ganglion stimulation

While right sided sympathetic nerve stimulation induces mostly sinus tachycar-
dia and modifications of T wave morphology, stimulation of nerves originating
from the left stellate ganglion produces a variety of rhythm disturbances.
While most of these arrhythmias are supraventricular [10-12], sometimes the
stimulation of left sided nerves can elicit ventricular tachyarrhythmias, such as
ventricular tachycardia, even in intact hearts. This arrhythmogenic potential
becomes more evident in a myocardium already unstable because of a recent
myocardial infarction or an acute myocardial ischemia [13, 14]. In the experi-
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Fig. 1. See text for explanation.

mental laboratory the specific interaction between a 2 min coronary occlusion
and a brief (30sec) electrical stimulation of left stellate ganglion consistently
produces ventricular tachycardia and fibrillation, so to constitute a valuable
method for the evaluation of anti-arrhythmic drugs [13, 15].

We have recently observed (Fig. 1) the appearance of premature ventricular
beats by simply touching with a blunt instrument the left stellate ganglion of a
patient with a recent anterior myocardial infarction. This observation was
made just prior to perform a high thoracic left sympathectomy. Moreover the
arrhythmogenic potential of left cardiac sympathetic nerves has been very well
observed in man (long QT syndrome [6]).

Effects of left stellectomy: experimental data

A left sympathetic cardiac denervation can be produced experimentally not
only by surgical ablation of the left stellate ganglion but also by a transient
interruption of the nervous traffic by simply cooling the ganglion. The effects
of left stellectomy are summarized in Table 1.

The antiarrhythmic effect of left stellectomy has been confirmed in several
experimental conditions. Although present immediately after denervation,
this effect becomes more complete after chronic denervation. As a matter of
fact, with pharmacological or cold blockade the anti-arrhythmic effect is
immediately evident. When ventricular tachyarrhythmias are induced by brief
(<90sec) coronary artery occlusions in the anesthetized dog, they are repro-
ducibly prevented by reversible cold blockade of the left stellate ganglion [16]
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Fig. 2. Effect of a 90 sec occlusion of the circumflex coronary artery in a dog having the descending
coronary artery ligated at the beginning of the experiment, in control condition and during left
stellate ganglion blockade (SGB). A: coronary artery occlusion (CAO) in control condition.
Episodes of VT before and after release of the occlusion. B: CAO during left SGB. No arrhyth-
mias. C: CAO in control condition after restoration of the normal function of left SG. Several
PVC's followed by VT which degenerates into ventricular fibrillation. A, B and C are consecutive
trials. The arrows mark the release of occlusion. The dots indicate ectopic beats. (From Schwartz
etal. 16].)

(Fig. 2). In these experiments major arrhythmias, such as ventricular tachycar-
dia and fibrillation, required the presence of an intact stellate ganglion.

Left stellectomy modifies two electrophysiological parameters relevant to
arrhythmogenesis: ventricular refractory period and ventricular fibrillation
threshold. Left stellectomy shifts the strength-interval curve, commonly used
as an index of ventricular excitability, later in diastole indicating an increased
ventricular refractoriness [17]. The ventricular fibrillation threshold, mea-
sured by means of a train of stimuli scanning the entire vulnerable period, is
increased, by either left stellectomy or cold blockade, by 72% when compared

Table 1. Effects of left stellectomy.

1. | Arrhythmias associated with myocardial ischemia
2. 1 Ventricular refractory period

3. 1 Ventricular fibrillation threshold

4. 1 Myocardial reactive hyperemia

5. ~ Cardiac performance during exercise

6. | Incidence of spontaneous ventricular fibrillation
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Fig. 3. Effect of unilateral stellectomy and blockade on ventricular fibrillation threshold. Left
stellectomy or blockade (9 animals) raised the ventricular fibrillation threshold by 72 + 12%
compared with control values (p<0.001). Right stellectomy or blockade (11 animals) lowered
ventricular fibrillation threshold by 48 +3% (mean * SE) compared with control values
(p<0.001). (Modified from Schwartz et al. {18].)

to control conditions (Fig. 3) indicating a decrease in the propensity of the
heart to fibrillate [18].

These studies suggest a tonic influence of the sympathetic nerves on cardiac
function; later on, a tonic vasoconstrictor activity on coronary bed dependent
on the sympathetic nerves was shown in conscious dogs [19]. Using the
coronary flow response to a 10-second occlusion of the left circumflex coronary
artery, it was found that left stellectomy greatly increased the myocardial
reactive hyperemia, which is an index of the capability of the coronary bed to
dilate. a-blockade produced qualitatively similar results while propranolol
decreased the reactive hyperemia (Fig. 4). This indicates a dominance of an
a-mediated vasoconstrictor tone, which may antagonize metabolic regulation.
Furthermore this beneficial effect of left stellectomy on coronary flow could be
demonstrated in dogs even when the metabolic demand is physiologically
increased by exercise [20].

A protective effect of left sympathectomy on the degree and extent of
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Fig. 4. Reactive hyperemia in conscious dogs before and after left stellectomy (LSGx), phentola-
mine (a-block) and propranolol (B-block). The data points represent the mean of 130 trials in 16
dogs. They indicate that left stellectomy and a-adrenergic blockade increase reactive hyperemia,
whereas $-adrenergic blockade has an opposite effect. The same kind of responses were found
when heart rate was kept constant by pacing. (Modified from Schwartz et al. [19].)

ischemia induced by a coronary artery occlusion was observed in a collab-
orative study with Janse. In anesthetized dogs 5-min coronary occlusions were
performed in control conditions and after left or right stellectomy, while
recording DC extracellular electrograms simultaneously from 60 left ventric-
ular epicardial sites [21]. The degree of TQ segment depression, interpreted as
a quantitative marker of ischemia, was reduced by left stellectomy. According-
ly to these data left stellectomy reduced the infarct size, produced by an
eight-hours occlusion of anterior descending coronary artery in anesthetized
cats, by 23% of the total heart weight [22].

Through a-adrenergic mechanisms, left sided cardiac sympathetic nerves
play an important role in the control of the coronary circulation. Under
pathologic conditions (such as coronary occlusion) these effects may influence
the extent of myocardium which will undergo irreversible damage. Left stel-
lectomy is likely to reduce the extent of ischemia probably by allowing a better
perfusion to the border zone through collateral vessels.

One of the limitations of these experiments is that the effects of sympathetic
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Fig. 5. The average maximal rate of rise of left ventricular pressure (dP/dt max) response to
submaximal exercise in five dogs with a prior myocardial infarction in control condition and after
left stellectomy (LSGx). In contrast with the effect of left stellectomy, propranolol (5 dogs), while
leaving unmodified contractility at rest, severely reduced its increase during exercise. The bars
through the points represent 1 standard error of the mean.

denervation were studied either in anesthetized animals or in hearts that were
completely normal until the moment of the acute coronary occlusion. This is
not comparable to the largely atherosclerotic and ischemic heart of most
patients dying suddenly [23]. For this reason the anti-arrhythmic effect of left
stellectomy was studied in an experimental model more similar to the clinical
situation [24]. One month after the production of an anterior myocardial
infarction dogs engage in an exercise stress test on a motor treadmill. At the
beginning of the last minute of exercise a balloon occluder, previously posi-
tioned around the circumflex coronary artery, is inflated for 2 minutes to
produce myocardial ischemia. This brief ischemic episode affects the last
minute of exercise and the first minute after exercise. Ventricular fibrillation
occurred in 23 of 35 (66%) control dogs, compared to none of 14 (0%) dogs
with left stellectomy.

This study indicates that left sympathectomy exerts an important protective
effect in reducing the incidence of ventricular fibrillation in an experimental
situation that reminds of what may happen to a patient with a prior myocardial
infarction who engages in exercise and has an increase in oxygen demand,
myocardial ischemia, pain and stopping of exercise.
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It is worth noting, for the implications concerning the use of left stellectomy
in man, that left cardiac denervation is not accompanied by a negative in-
otropic effect. Myocardial contractility is not reduced either at rest or during
exercise [20]. It is of clinical importance the fact that this lack of negative
inotropic effects in the left ventricle is observed in dogs with prior myocardial
infarction performing an exercise stress test [25] (Fig. 5).

Side effects of left stellectomy

While in the usual laboratory animals, cats and dogs, most of the sympathetic
outflow pass through the stellate ganglia, a more extensive surgical procedure
is needed in man to provide a sufficient denervation. The left sympathetic
chain must be ablated down to the fourth-fifth thoracic ganglia while the
cephalic pole of the stellate ganglion should be left intact in order to avoid the
Bernard-Horner syndrome. The correct terminology would therefore be ‘high
thoracic left sympathectomy’ (3), but we will use here the more familiar
expression ‘left stellectomy’.

Left stellectomy, performed extrapleurally, is a surgical procedure which
practically has no risk, provided that manipulations of locally anesthetized
nerves are carefully performed. The fact that, after unilateral sympathetic
cardiac denervation, sweating stops on the ipsilateral hand and, at times, on
the ipsilateral half forehead does not disturb the patient and constitutes a
minor side effect. In about 5-8% of the patients paresthesias and even bursts
of pain at the level of the left arm or shoulder may occur but usually subside
within a few days.

We have already seen that in dogs left stellectomy does not decrease the
ventricular pump function neither at rest nor during exercise, even after a
myocardial infarction. Can these data be applied to man? Although quantita-
tive data on ventricular hemodynamics are not available, an apparent positive
answer comes from a non-invasive study of 70 patients affected by the Ray-
naud’s syndrome who underwent, as a treatment, either right, or left, or
bilateral stellectomy. Among patients of the same age group dyspnoea during
an exercise stress test appeared in 30% of the patients with bilateral stellecto-
my but was never observed in the patients with left stellectomy [26]. This lack
of detrimental effect on ventricular function is probably due to the fact that
both right and left stellate ganglia contribute to myocardial contractility [27]
and that unilateral stellectomy, while suppressing sympathetic activity in the
ipsilateral side, may reflexly increase it in the contralateral side [9]. Also the
possibility of denervation supersensitivity to catecholamines after left stellec-
tomy has been excluded in a series of experiments in conscious dogs [28]. The
left ventricular dP/dt max increases during intravenous injection of norepine-
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phrine in conscious dogs and was identical before and two weeks after dener-
vation. On the basis of these data left stellectomy can be reasonably consid-
ered a safe therapeutic intervention. On the other hand, with this surgical
approach a protection against life-threatening arrhythmias is continuously
provided, without the need of assuming drugs 1-3 times a day, thus avoiding
the difficult problems related to the patient’s compliance.

Clinical use of left stellectomy

Treatment of ventricular tachyarrhythmias could take advantage of left sym-
pathetic cardiac denervation in subgroups of patients at high risk in whom a
relationship between arrhythmias and increased or imbalanced sympathetic
activity has been shown. The idiopathic long QT syndrome is a paradigmatic
example of such a situation.

The idiopathic long QT syndrome

This disease probably represents the most interesting example of neurally
mediated, noncoronary sudden cardiac death [6, 29, 30]. The affected patients
have syncopal attacks in conditions associated with sudden increases in sympa-
thetic activity, such as violent emotions or physical stresses. The syncopal
episodes are due to ‘torsades de pointe’ which often degenerates to ventricular
fibrillation. Frequently these episodes are self-terminating but each one could
prove fatal. The only two evident abnormalities are in the electrocardiogram:
1. a marked prolongation of the QT interval usually due to a large, often
bizarre, T wave which is sometimes notched;
2. the alternation of the T wave, in polarity or in amplitude, usually induced
during emotional or physical stresses.
The acceptance of the pathogenetic hypothesis proposed in 1975 [30] of an
imbalance in sympathetic cardiac innervation with left dominance probably
due to a lower than normal right sympathetic activity pointed to left stellecto-
my as the most selective therapy for the long QT syndrome. The first surgical
interventions were performed in 1970 by Moss and McDonald [31] and later
on, in 1973, by Schwartz and Malliani [32].

Data available now on 763 patients, thanks to the cooperation of physicians
around the world, show an extremely high mortality (71%) in untreated
patients; with miscellaneous treatment, not including p-blockers, it remains
high (35%) while with -blockers it is markedly decreased (6%).

We have now data on 53 patients resistant (continuation of syncopal epi-
sodes) to full dose f-blockade, who have been treated with high thoracic left
sympathectomy. In this group which clearly is at even higher risk, as indicated
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Fig. 6. Effect of therapy on the survival, after the first syncopal episode, of 233 patients affected by
the idiopathic long QT syndrome. The protective effect of B-adrenergic blockade and of left
stellectomy (LSGx) is dramatically evident. For example the mortality 3 years after the first
syncope is 6% in the group treated with anti-adrenergic interventions and is 26% in the group
treated differently or non-treated. Fifteen years after the first syncope the respective mortality is
9% and 53%.

by the failure of the B-blockers, there have been only three deaths (6%). The
effect on survival of B-blockers and left stellectomy compared to no anti-
adrenergic therapy in 233 patients for whom we have detailed information is
shown in Fig. 6.

At present time it seems still rationale to begin the treatment with full-dose
B-blockade. Should another syncopal episode occur, left stellectomy should be
performed in a short time. Any other treatment (implantable defibrillator?)
has to be considered ‘experimental’ and reserved only for those patients with
ongoing syncopal episodes after left stellectomy.

Myocardial infarction

Patients with a prior myocardial infarction (M.1.) constitute a group at risk for
death (8% to 12% during the first year and 5% in each subsequent year
[33-35]). Up to 80% of these deaths are sudden cardiac deaths. It has been
classically considered [36] that for patients with M.I. to have or not to have an
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episode of ventricular fibrillation does not modify the prognosis after dis-
charge from hospital. Most studies supporting this concept have been made
without taking into consideration the site of myocardial infarction. However it
is well known [37] that sympathetic overactivity accompanies the early phase
of anterior M.L.

According to these considerations, a retrospective case-control study on the
survival after anterior and inferior myocardial infarction complicated or not by
ventricular fibrillation has been performed in 250 male patients under 75 years
of age [38]. For patients with an inferior myocardial infarction an episode of
VF did not modify the prognosis (6% mortality in the first year in both groups)
while in patients with anterior M.I. the mortality was importantly affected by
the occurrence of ventricular fibrillation (in the first year 9% in the un-
complicated group, 32% in the VF group).

Why should the electrical cardiac instability be so high in patients after
anterior myocardial infarction? A possible explanation comes from the experi-
mental observation by Barber et al.: they found that a transmural infarction
produces a sympathetic denervation even in non-infarcted areas below the
infarct site probably due to destruction of the nerve fibers passing through the
infarcted area [39, 40]. Myocardial infarction involving the anterior ventric-
ular wall would result in a greater destruction of the right sided than left sided
adrenergic terminals, thus producing a sympathetic imbalance with left dom-
inance.

This observation may also partially explain the occurrence of QT prolonga-
tion in patients with myocardial infarction. It has been shown that QT pro-
longation has a strong association with lethal arrhythmias in the acute phase of
myocardial infarction [41] and is an important predictor of subsequent sudden
death [42]. These clinical data and the anti-arrhythmic effect of left stellectomy
have led to a clinical trial, involving more than 40 hospitals in northern Italy,
begun in 1979 and terminated at the end of 1983. A subgroup of patients at high
risk for sudden death (anterior myocardial infarction complicated by primary
ventricular fibrillation) was randomized between placebo, the B-blocker ox-
prenolol and high thoracic left sympathectomy. This trial independently from
its results, indicates how tight may be the relationship between experimental
and clinical cardiology.

Conclusions

There is a sufficient experimental and clinical background to provide a solid
rationale for the use of left stellectomy in subgroups of patients at high risk of
sudden death. In subjects affected by the idiopathic long QT syndrome the
data available in 53 patients refractory to f-blockers leave no doubts. If a
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patient under full-dose p-blockade still has syncopal episodes, left stellectomy
is mandatory. In post M.I. patients at high risk left stellectomy may be
protective by limiting new ischemic episodes and by its direct anti-arrhythmic
effect. This possibility is under evaluation through an ongoing multicenter
clinical study in northern Italy.
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