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SUDDEN DEATH AND 

VENTRICULAR ARRHYTHMIAS 



Non-sustained Ventricular Tachycardia: Is It Possible to Identify 
the High-Risk Patients and How to Treat Them? 

G. Turitto 

Cardiac Electrophysiology Section, State University of New Yark, 
Health Science Center at Brooklyn 

Brooklyn, USA 

Introduction 

Identification of patients at high risk for sudden car
diac death, among those presenting with complex ven
tricular arrhythmias and spontaneous nonsustained 
ventricular tachycardia (NS-VT), is of paramount im
portance. This chapter reviews the role of risk stratifi
cation techniques, with particular emphasis on the sig
nal-averaged electrocardiogram (ECG) and pro
grammed ventricular stimulation (PVS), in the man
agement of patients with NS-VT. 

Complex ventricular arrhythmias are infrequent in 
the absence of organic heart disease and, in this setting, 
they are probably not associated with an adverse out
come. The prognostic role of frequent ventricular pre
mature complexes (VPCs) and NS-VT in the 
presence of organic heart disease and left ventricular 
dysfunction is still under debate. The relationship be
tween reduced ventricular function, complex ventricu
lar arrhythmias, and sudden death has been analyzed 
mainly in two groups of patients: (1) survivors of my
ocardial infarction, and (2) patients with congestive 
heart failure secondary to ischemic or idiopathic dilated 
cardiomyopathy. In the 1980s, several studies suggested 
that frequent VPCs and NS-VT represent an indepen
dent risk factor for serious arrhythmic events, in postin
farction patients (1-4). On the other hand, the corollary 
demonstration that abolition of these arrhythmias pre
vents sudden death has not been achieved (5). The re
sults of a large multicenter study sponsored by the Na
tional Institutes of Health, the Cardiac Arrhythmia 
Suppression Trial (CAST), exemplify this problem (6-
8). CAST showed that the use of encainide, flecainide, 
or moricizine to treat asymptomatic or mildly sympto
matic ventricular ectopy in patients with mild to mod
erate left ventricular dysfunction after myocardial in
farction carries an excessive mortality risk. Thus, VPC 
suppression alone in this population is not an adequate 
indication that a drug can prolong survival. While the 
use of type I antiarrhythmic drugs has not been linked 
to increased survival in the CAST studies, preliminary 
data on the effect of amiodarone in postinfarction pa
tients appeared to be more encouraging (9,10). 
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The prognostic value of complex ventricular ar
rhythmias in patients with dilated cardiomyopathy is 
controversial. Two recent reviews reached opposite 
conclusions regarding the predictive accuracy of fre
quent VPCs and NS-VT in this setting (11,12). Larsen 
et al. (11) stated that the identification of patients with 
dilated cardiomyopathy at risk for sudden death based 
on the presence of ventricular arrhythmias on the am
bulatory ECG is difficult and unreliable. This may be 
partly related to the possibility that bradyarrhythmias 
are responsible for a significant number of sudden 
deaths in these patients. In contrast, Tamburro and 
Wilber (12) concluded that most evidence available in 
the literature confirms the prognostic significance of 
ambulatory arrhythmias in patients with dilated car
diomyopathy. However, data seemed insufficient to es
tablish which criterion of spontaneous arrhythmia fre
quency or severity may provide the optimum indicator 
of risk. 

Even if the CAST or subsequent studies could 
show that arrhythmia suppression significantly im
proves survival in postinfarction patients, a risk strati
fication strategy entailing other than the mere docu
mentation of frequent VPCs or NS-VT on ambulatory 
ECG would be needed. In fact, these arrhythmias are 
low in sensitivity and specificity. Because of the low 
sensitivity, treatment may not be started in some pa
tients at risk for sudden death, while, due to the low 
specificity, a large percentage of patients could be sub
jected to unnecessary long-term therapy. Based on 
these premises, the usefulness of PVS and the signal
averaged ECG for risk stratification of patients with 
NS-VT has received considerable interest. 

Several studies and reviews have investigated the 
role of PVS in identifying subgroups of patients with 
NS-VT at high or low risk for serious arrhythmic 
events (13). The induction of sustained monomorphic 
VT in patients with spontaneous nonsustained runs 
may be interpreted as the demonstration of the ability 
of PVS to expose a fixed electrophysiologic substrate. 
Such abnormality may be implicated in the high risk of 
sudden death in this subgroup. Patients without sus
tained monomorphic VT induced by PVS may be at 



low risk for sudden death and may not warrant antiar
rhythmic therapy. On the other hand, patients with in
duced VT may be at increased risk of sudden death. It 
is possible that, in these patients, antiarrhythmic thera
py guided by the results of PVS may decrease the inci
dence of sudden death. 

Only a fraction of patients with spontaneous NS
VT have induced sustained monomorphic VT during 
PVS; thus, several clinical, electrocardiographic and 
other noninvasive determinants of VT inducibility 
have been investigated as a means to screen patients 
for the invasive electrophysiologic procedure. The 
presence and type of heart disease, the extent of left 
ventricular dysfunction, as well as a history of syncope 
have been found to be significantly related to VT in
duction (13). The first prospective study of the value of 
the signal-averaged ECG as a predictor of the results 
of PVS in patients with NS-VT was published by Turit
to et al. (14). This study used a stepwise discriminant 
function analysis which showed that the signal-aver
aged ECG was the single most accurate screening test 
for VT induction in a population of 105 patients with 
NS-VT (60 with coronary artery disease, 26 with idio
pathic dilated cardiomyopathy, and 19 with apparently 
normal heart). The predictive accuracy of the signal
averaged ECG was 84% and was comparable in pa
tients with coronary artery disease (85%) and dilated 
cardiomyopathy (81 %). No combination between the 
signal-averaged ECG and other significant variables 
(left ventricular ejection fraction and history of syn
cope/presyncope) provided an improvement in pre
dicting VT induction in comparison with the signal-av
eraged ECG alone. 

The hypothesis that VT induction by PVS indi
cates patients at high risk for arrhythmic events has 
been tested by a number of investigators (13), dis
cussed in a series of editorials (15-18), and is the basis 
for several ongoing multicenter trials enrolling patients 
with coronary artery disease and spontaneous NS-VT 
(18,19). Available reports on the prognostic signifi
cance carried by ventricular tachyarrhythmias during 
PVS in patients with NS-VT are characterized by one 
or more of the following shortcomings: (a) small sam
ple size; (b) retrospective data collection; (c) lack of 
standardization of the stimulation protocol and its end
points; or (d) lack of uniform therapeutic approach. 
The indications for antiarrhythmic therapy varied in 
different studies. Some authors only treated patients 
with induced sustained monomorphic VT, while others 
treated patients with induced ventricular fibrillation or 
induced NS-VT. Therapy was evaluated by means of 
repeat PVS in a small number of studies, while in oth
ers this was not the case. Guidelines for management 
of patients without induced tachyarrhythmias were al
so disparate; in some instances, these subjects did not 
receive any antiarrhythmic treatment, whereas in other 
studies there were subgroups followed on or off antiar
rhythmic drugs. In none of the published studies was 
treatment randomized. 

Most studies reported a low rate of serious ar
rhythmic events in patients with spontaneous NS-VT 
and no induced VT. The risk of sudden death was 
equally low in patients with induced NS-VT in at least 
two relatively large studies (20,21). In the series from 
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I Organic heart disease I 
and NS-VT 

I I 

I Ejection fraction I I; Ejection fraction < 40%; I 
>40% and/or abnormal SA-ECG 

II Nonnal II Abnonnal I I PVS I SA-ECG SA-ECG 

I I II No treatment II PVS I I. Induced .11 ~ No induced 
sustained VT sustained VT 

I I I i Induced ·111 No induced r II? PVS-guided Il No therapy 
sustained VT sustained VT therapy I 

I 
I? PVS..guided II No therapy I 

therapy 

Fig. 1. Management algorythm for patients with organic heart dis
ease and spontaneous non-sustained ventricular tachycardia. NS
VT, non sustained ventricular tachycardia; PVS, programmed ven
tricular stimulation; SA-ECG, signal-averaged electrocardiogram 

Turitto et al. (20), the 3-year sudden death rate was 
9% in 56 patients with no induced sustained 
monomorphic VT followed off antiarrhythmic therapy. 
It seems reasonable to conclude that patients with 
spontaneous NS-VT and no induced sustained VT may 
be managed safely without the use of antiarrhythmic 
drugs. Conversely, VT induction seems to carry a poor 
prognosis, even if few studies failed to find a correla
tion between arrhythmia inducibility and increased 
risk of sudden cardiac death. In one study from Bux
ton et al. (22), sudden death occurred in 27% of pa
tients with induced sustained VT, 5% of those with in
duced NS-VT, and 13% of those without induced VT, 
during a follow-up of 33 months. Sudden death oc
curred only in patients with left ventricular ejection 
fraction under 40%. Using multivariate analysis, pa
tients with one poor prognostic marker (induced sus
tained VT or low ejection fraction) had a threefold in
creased risk of sudden death, whereas patients with 
both markers had a sevenfold increased risk. 

The literature on the effects of antiarrhythmic 
therapy in patients with spontaneous NS-VT and in
duced VT is inconclusive. Some of the reported studies 
failed to document that therapy guided by PVS im
proved survival or was superior to empiric therapy. 
One caveat is that most of the early studies used large 
doses of type I antiarrhythmic drugs for VT therapy. 
On the other hand, a study by Buxton et al. that only 
used historical controls suggested that therapy guided 
by PVS was associated with a lower rate of sudden 
death compared to empiric therapy (23). A similar 
conclusion was reached by Wilber et al. (21) and 
Kadish et al. (17). The ability of drugs and devices to 
improve survival in patients with coronary artery dis
ease, spontaneous NS-VT, and induced sustained VT 
is being evaluated in several prospective, randomized 
multicenter studies (18,19); most of them will include a 
control group of inducible patients who will not re
ceive any antiarrhythmic intervention, in order to defi
nitely prove the adverse prognostic significance of ar
rhythmias induced by PVS, as well as groups assigned 
to drug or device treatment. 

An optimal protocol for risk stratification and 



management of patients with organic heart disease and 
spontaneous NS-VT should be based on the results of 
the signal-averaged ECG, left ventricular function 
studies, and PVS, as follows (Fig. 1) (13,20): 

1. Patients with normal signal-averaged ECG and 
left ventricular ejection fraction z.40% do not require 
PVS or long-term antiarrhythmic therapy, since the in
cidence of induced sustained monomorphic VT and 
sudden death are low in this subgroup. 

2. Patients with normal signal-averaged ECG but 
ejection fraction <40%, as well as patients with abnor
mal signal-averaged ECG should be recommended for 
electrophysiologic evaluation, since the incidence of 
induced sustained monomorphic VT is high in these 
subgroups. Based on the results of PVS, patients with 
no induced sustained monomorphic VT may be fol
lowed off antiarrhythmic therapy. If VT is induced, 
however, these patients should be enrolled in one of 
the ongoing randomized studies to assess the value of 
antiarrhythmic therapy in preventing sudden death. If 
this is not feasible, inducible patients should probably 
receive antiarrhythmic therapy (possibly with type III 
drugs), with the understanding that the value of an
tiarrhythmic therapy has yet to be definitely estab
lished. 
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QT Prolongation in Postinfarction Patients and Sudden Death: 
Which Relationship? 

X. Viiiolas Prat and A. Bayes de Luna 

Cardiology Department, Hospital de Sant Pau, 
Barcclona, Spain 

Prognosis of Postinfarction Patients: A Multifactorial 
Problem 

The prognosis of postmyocardial infarction (post-MI) 
patients depends in particular upon the interaction be
tween ischemia, left ventricular dysfunction, and elec
trical instability. The risk can be found in the center of 
an imaginary triangle formed by these three factors. 
These factors interact bidirectionally (Fig. 1), so that 
any of the apices affects the next directly or indirectly, 
and the modification of anyone of these factors conse
quently alters the other two. Ischemia, therefore, af
fects left ventricular dysfunction either directly or indi
rectly through the electrical instability pathway and 
the sames happens with other two factors. We should 
also emphasize that the three angles of the triangle, 
electrical instability, left ventricular dysfunction, and 
ischemia, include different parameters as we can see in 
Fig 2. In Tables 1-3 we summarize the most important 
relationships between these three parameters. 

First, we will briefly discuss the interaction be-

Ventricular arrhythmia 

t 
Electrical 
instability 

/ RiSk" 
LV Dysf. Ischaemia 

Heart Failure New coronary event 

Fig. 1. Prognosis of postinfarction patients is related to three main 
factors: left ventricular dysfunction, ischemia and electrical instabil
ity, leading respectively to progressive heart failure, a new coro
nary event, or a malignant ventricular arrhytmia. But each of them 
interacts with the other two bidirectionally, so the modification of 
one of them always alters the others 
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tween these three factors and then address the role of 
specific parameters such as QT prolongation in the 
risk stratification of postinfarction patients. 

As we can see all parameters are interrelated, so 

Table 1. Interactions between electrical instability and ischemia 

Ischemia - electrical instability 
Slowing of conduction, 
prolonged recovery of excitability 
Changes in refractoriness (shorter than In normal my
ocytes) 
Refractoriness dispersion allowing reentry 
Automatic and triggered activity 

Electrical Instability - Ischemia 
Decreased blood flow in rapid heart rates 

Table 2. Interactions between left ventricular dysfunction and elec
trical instability 

Left ventricular dysfunction --+ electrical instability 
Neurohumoral factors 
Electrolytic disturbances 
Pro arrhythmic effects of drugs 
Morphofunctional factors 

Anatomical block allowing reentry 
Functional block 
Triggered activity 

Electrical instability - left ventricular dysfunction 
Hemodynamic disturbances in rapid heart rates 
toss of atrial activity 

Table 3. Interaction between left ventricular dysfunction and is
chemia 

Left ventricular dysfunction --+ ischemia 
Increased diastolic ventricular pressure produces 
reduced subendocardial coronary blood flow 
Low cardiac output 
Increased ischemia during exercise 
Increased wall tension (Laplace law) leads to an 
increase oxygen demand 

Ischemia - left ventricular dysfunction 
Hibernating myocardium 
Stunned myocardium 



Anatomic Substrate 

/ 
Trigger 

~ ! 
MVA 

Clinical and ECG Autonomic 
markers t Nervous system 

E.I. 

/ RiSk" 
LVD ..... t-------.... ISCH. 

~ ~ 
Neurojumoral factors Decreased Coronary Flow 

/ 
Triggers "" 

Heart ~ailure "" 
Morphological 

factors 
Clinical 
factors 

/ Triggers "" 

/ New IS;h. event ~ 
Coronary 
stenosis 

Prethrombotic 
State 

Fig. 2. Electrical instability (£.1.) also depends on other interrelated factors. The analysis of QT interval is one of the parameters used to ana
lyze the status of autonomic nervous system. As is shown, other factors are important in the evaluation of electrical instability that can be as
sessed with other techniques. MVA, malignant ventricular arrhythmias; LVD, left ventricular dysfunction; ISCH., ischemia 

the best approach for post-MI risk stratification is 
probably also a multifactorial approach using several 
parameters. The most important parameters for risk 
stratification of post-MI patients are related to the 
three factors previously discussed (see Table 4). 

Table 4. Parameters and techniques used to stratify risk in postmy
ocardial infarction patients (see Fig. 2) 

Parameters Techniques 

Electrical 
instability 

Ventricular arrhythmias Holter 

Ischemia 

Autonomic 
nervous system 

Heart rate variability 

QTinterval 

Anatomic substrate 

Coronary flow 

Coronary stenosis 

Pre thrombotic state 

Left ventricular Diastolic function 
dysfunction 

Systolic function 

State of RAA axis 

PES 

Holter 

Late potentials 
(conventional or 
Holter techniques) 

Exercise testing 

Holter 
Imaging techniques 

Coronary angiography 
MRI 

Blood test 

Echo-Doppler 

Echocardiography, 
angiography, 
and isotopic 
techniques 

Blood test 

PES, Programmed electrical stimulation; MRI, magnetic resonance 
imaging; RAA, renin-angiotensin 

7 

There seems to be no doubt that exercise testing is 
the best technique to study residual ischemia, Holter 
technology to detect different abnormalities in the pa
rameters related to electrical instability, and imaging 
techniques the most useful to detect left ventricular 
dysfunction and morphological alterations. As we can 
see in Table 4, electrical instability can be evaluated by 
Holter recordings, programmed ventricular stimula
tion and ventricular late potentials analysis. Signal
averaged electrocardiogram (ECG) allows us to nonin
vasively analyze the presence of ventricular late poten
tials indicating an arrhythmogenic substrate. It is a 
simple, cheap, noninvasive technique and which is 
available in all hospitals, and for these reasons its val
ue for risk assessment in postinfarction patients has 
been extensively analyzed. It is not the aim of this pa
per to review this subject extensively. 

QT analysis is another noninvasive parameter of 
electrical instability. Furthermore, as we will see in this 
chapter QT also allows the evaluation of the autonom
ic nervous system, thus complementing other variables 
such as heart rate variability. 

QT Prolongation and Sudden Death in Post-MI 
Patients 

From a practical point of view, electrical instability de
pends upon various factors which are also interrelated, 
as we show in Fig. 2, and can be evaluated accordingly. 
But QT analysis is only one method of evaluating the 
autonomic nervous system. We must keep these limita
tions in mind: QT mainly evaluates arrhythmic death 
after myocardial infarction and mainly analyzes auto
nomic nervous system function. 

The relationship between the duration of the QT 
interval and the presence of malignant ventricular ar
rhythmias and its maximum expression in the presence 
of congenital long QT syndrome are known. Interest in 
the QT interval also derives from observations that ex
cessive prolongation of the QT interval with group I 



drugs is associated in some cases with proarrhythmia. 
But, in contrast, prolongation of the QT interval by 
amiodarone, within limits that have not been well es
tablished, is considered a good parameter of the drug's 
effectiveness. All these findings have awakened inter
est in the relation ship between QT and ventricular ar
rhythmias or sudden cardiac death in post-MI patients. 

The QT interval is a simple measurement on the 
surface ECG so the possibility of finding a relation be
tween this measurement and the presence of malignant 
ventricular arrhythmias could be very important. How
ever, measurement of the QT interval always has limi
tations. It is a simple measurement of cardiac repolar
ization, which is an extremely complex process that is 
influenced by many factors: presence or absence of un
derlying organic heart disease, the autonomic nervous 
system, circulating catecholamines, electrolytes, drugs 
(cardiac and noncardiac), and others. Moreover, the 
QT interval varies with heart rate, being shorter in 
shorter cycles, an effect that usually is corrected by the 
Bazett formula (1), which somewhat distorts the re
sults. This distortion of results occurs primarily at the 
upper and lower limits of heart rate. 

QT Interval in Surface ECG and Prognosis 

As we have already mentioned, it would be very inter
esting to find a relation between the value of QT 
(and/or QTc) on the surface ECG and the risk of sud
den death or ventricular arrhythmias. Some studies 
have been conducted (2-9) but the results are discor
dant. Some of them found that a QT prolongation is an 
independent factor of prognosis and others did not 
find this relation. 

For instance, in some cases these discordant re
sults can be due to the important limitations of a sin
gle 12-lead surface ECG in evaluating QT interval. 
First of all a single measure of QTc simply reflects the 
state of the autonomic nervous system at a precise 
moment, and, as we will see later, QT and QTc show a 
dynamic behavior with changes over 24 h. Thus a pa
tient with a borderline QT at a moment during the 
day can show prolongation some hours later. Another 
factor to be kept in mind is that QT varies with heart 
rate, and for this reason we must make some kind of 
correction using different formulas, none of which are 
exact. 

Furthermore, heart rate is not the only factor that 
changes QT; for instance, at the same heart rate iso
proterenol infusion shortens the QT interval. Like
wise, in patients with VVI pacemakers with a fixed 
heart rate, the QT interval becomes shorter with exer
cise. This indicates that the QT interval is influenced 
by a number of factors, many of them dependent on 
the autonomic nervous system. Therefore, the study of 
the dynamic behavior and circadian rhythm of the QT 
interval seems to be more important than a single mea
surement of QT because it reflects this multiple inter
action. Another important aspect of the study of the 
dynamics of QT prolongation is that the circadian vari
ations in the QT interval examined in relation to the 
circadian rhythm of malignant ventricular arrhythmias 
or sudden death may clarify some of the triggering 
mechanisms of sudden death. 
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QT Variations in Postinfarction Patients With and 
Without Ventricular Arrhytmias 

In order to test the possible value of dynamic QT be
havior in post-MI patients, we first analyzed the value 
of QT variations in the Holter tapes of postinfarction 
patients with and without malignant ventricular ar
rhythmias. A manual measurement was made (10) of 
the QT intervals on the Holter tape and then an algo
rithm developed for automatic measurement of the 
QT interval. Manual measurement of the QTc inter
vals was done by selecting several beats per hour. 
These measurements do not provide information on 
subtle and transitory changes in the QT-QTc interval. 
We found no differences in mean QTc value between 
postinfarction patents with and without malignant ven
tricular arrhythmias. However, patients with malignant 
ventricular arrhythmias during follow-up had QTc 
peaks >500 ms more frequently than patients without 
these arrhythmic complications. Manual measurement 
is very time consuming and therefore not applicable to 
large series of patients. Another limitation is that man
ual measurement, as we have already mentioned, does 
not provide information about the transient changes of 
QT because it only analyzes some beats per hour. 

Automatic Measurement of the QT Interval 

Using the automatic algorithm we studied two groups 
of postinfarction patients (10). Group I consisted of 14 
consecutive postinfarction patients admitted to the 
coronary unit of our hospital for ventricular tachycar
dia (eight patients) or after an aborted sudden death 
episode (six patients). Arrhythmia secondary to an 
acute ischemic episode was excluded in all patients. In 
seven patients, ventricular arrhythmias occurred be
tween the subacute phase and the second month 
postinfarction and in the rest of the patients it oc
curred after 2 months. The clinical characteristics are 
summarized in Table 5. The second group included 28 
postinfarction patients matched by clinical data, ejec
tion fraction, and infarction site who did not have ma
lignant ventricular arrhythmias in a similar period of 
time. There were no significant differences in the clini
cal characteristics of the two groups of patients. Holter 

Table 5. Clinical characteristics of postmyocardial infarction pa
tients with and without life-threatening arrhythmias 

Group I Group II p value 
(n=14) (n=28) 

Sex (M/F) 12/2 25/3 NS 
Age (years) 59±13 57±1O NS 
Anterior MI 9 (64%) 16(57%) NS 
LV ejection 40±6 44±8 NS 
fraction (%) 
LV ejection 6(42%) 13 (46%) NS 
fraction <40% 
Angina 3 (21 %) 7 (25%) NS 
Diabetes mellitus 3 (21 %) 8 (28%) NS 
Hypertension 8 (57%) 15 (53%) NS 

Group I, Postmyocardial infarction patients with secondary life
threatening arrhythmia; group II, postmyocardial infarction pa
tients without life-threatening arrhythmias. MI, myocardial infarc
tion; NS, not significant. 



Table 6. Automatic QTC analysis in the three studied groups 

Group I Group II Group III p value p value 
(n=14) (n=28) (n=lO) 1 vs II I vs III 

Total beats automatically analyzed 682,960 1,276.498 563,910 
Global QTc 425±15 408±19 402±20 <0.005 <0.001 
Total number of peaks of QTc 11,114 823 (0.06%) 0(0%) <0.005 <0.005 

>500 ms (1.62%) 
Patients with 7 (50%) 2 (7%) None <0.005 <0.03 
peaks of QTc >500 ms 

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

Group 1, Postmyocardial infarction patients who presented with a secondary life-threatening arrhythmia; group II, postmyocardial infarction 
patients who did not present with life-threatening arrhythmias; group TIT, healthy subjects. 

recordings were made routinely in all patients as a con
trol before hospital release after MI or as a routine 
"screening" method during follow-up. At most, the 
Holter recording preceded the arrhythmic episode by 1 
year. A 3-channel Holter recorder was used in every 
case. The QT interval was analyzed on the channel 
that had the best signal-to-noise ratio. 

The mathematical algorithm for automatic mea
surement of the QT interval has been described in de
tail elsewhere (11). It is important to emphasize that 
we analyzed the results based on a QT interval reach
ing the end of the T wave. Other authors use a QT in
terval ending at the peak of the T wave (peak QT) be
cause it is considered simpler and more stable. Howev
er, with use of peak QT values part of the information 
gets lost because QT may be prolonged exclusively at 
the expense of the terminal parts of the T wave. Later, 
the QT interval was corrected using the Bazett formu
la (1), which is simple and widely used in spite of its 
limitations. Other formulas could have been used but 
none of these is accepted universally and all have limi
tations so we used the most widely accepted correction 
method. Data from the various QTc intervals could be 
represented as a trend that allowed exact assessment 
of the behavior of the QTc interval throughout the day 
in a practical form. 

The next step was to validate the algorithm. This 
was done by comparing the results obtained from man
ual measurements by two cardiologists on recordings 
printed at 2S mmls with the results obtained by auto
matic analysis (11). An analysis was made of 6S0 beats 
on 18 different tapes. The mean error between the 
manual and automatic measurements was 2.4±17 ms 
and 2±14 ms and the difference between the manual 
measurements by the two experts was 1.9±10 ms. 
Therefore, the differences between automatic and 
manual measurements were similar to those of manual 
measurements by two experts. This validated the use 
of this method for analysis of larger patient groups 
and, above all, the analysis of all QT values, which can
not be done manually. Automatic measurement is the 
only valid means of evaluating transitory changes in 
the value of QT intervals, and thus analyzing "peaks" 
of QT. 

We analyzed mean QTc value, "peaks" of QTc 
(QTc values above a certain value), and clusters 
(groups of peak QT values lasting more that 1 min). 
The mean QTc interval was longer in patients with ma
lignant ventricular arrhythmias than in patients with-
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out these arrhythmias: 42S±20 ms versus 408±19 ms 
(Table 6). 

The behavior of the QT interval in relation to time 
of day is shown in Fig. 3. The data in Fig. 3 confirm the 
tendency toward longer QTc values from 11 p.m. to 11 
a.m. than from 11 a.m. to 11 p.m. (430±18 ms versus 
42S±19 ms). These differences were not statistically 
significant, perhaps because of the small sample size, 
but they suggested a trend and concurred with findings 
in healthy SUbjects. 

QT Peaks. QT peaks were analyzed for different cut
off points: >440, >460, >480, and >SOO ms. Statistically 
significant differences were found only when the group 
of patients with QT interval values above SOO ms were 
analyzed (Table 7). Fifty percent of the postinfarction 
patients who had malignant ventricular arrhythmias 
had QT values over SOO ms as compared with only 7% 
(2 of 28) of postinfarction patients who did not have 
malignant ventricular arrhythmias. None of the 
healthy subjects analyzed had peak QTc over SOO ms. 
When we examined the presence of clusters, we found 
that none of the postinfarction patients without malig
nant ventricular arrhythmias had clusters but 28% of 
the postinfarction patients with malignant ventricular 
arrhythmias did (Table 6). When the number of beats 
with QTc >SOO ms was analyzed, postinfarction pa
tients with malignant ventricular arrhythmias had long 
QTc in 1.62% of beats compared with only 0.06% of 
beats in postinfarction patients without malignant 

440 Mean_Q_"_c'--<m-'s) _________ ~ __ _ 

430 

400 

2 8 10 12 14 16 18 20 22 

hours 

-GROUP I "-GROUP II "'GROUP III 

Fig. 3. Plot of the mean hourly QTc interval of the postmyocardial 
infarction patients with (Group I, .A.) and without (Group II, T) 
life-threatening ventricular arrhythmias and healthy subjects 
(Group III, .). Note that patients who developed life-threatening 
ventricular arrhythmias presented a longer QTc over 24 h than 
postmyocardial infarction patients who did not present with life
threatening arrhythmias 



Table 7. Patients with peaks of QTC lengthening measured auto
matically in Holter recordings according to a determinated cut -off 
ofQTc value 

Peaks ofQTc Group 1 
interval (ms) (n=14) 

n % 
>440 14 100 
>460 10 71 
>480 7 50 
>500 7 50 

Group II 
(n=28) 

n 
20 
14 
8 
2 

% 
71 
50 
28 
7 

p value 

NS 
NS 
NS 
<0.005 

Group I, Postmyocardial infarction patients who presented with a 
secondary life-threatening arrhythmia; group II, postmyocardial in
farction patient who did not present with life-threatening arrhyth
mias. 

ventricular arrhythmia. Figure 4 shows the graphic 
representation of postinfarction patients who had peak 
QTc >500 ms. It is important to note that these peaks 
sometimes occurred in groups and did not correspond 
to artifacts of automatic analysis. The trend in QTc in
tervals can also be seen in Fig. 4. 

Circadian Rhythm of Peaks. QTc peaks >500 ms exhib
ited a circadian rhythm, the percentage of QT peaks 
per hour being higher between 11 p.m. and 11 a.m. 
than during the rest of the day. The most relevant re
sults are summarized in Table 8. This finding coincides 
with hourly mean QTc values, which were longer dur
ing the same hours of the day. The QTc clusters also 
demonstrated circadian behavior, with a higher inci
dence between 11 p.m. and 11 a.m. If we analyze the 
total duration of QTc clusters, which also occurred at a 
period that coincided with the periods in which pa
tients are at "higher risk," QTc duration was longer in 
the same hours. The mean duration of clusters from 11 
p.m. to 11 a.m. was 10.60±9.64 min and from 11 a.m. to 
11 p.m. it was 2.85±1.95 (Table 8). However, this be
havior does not indicate whether the QT interval was a 
triggering factor in malignant ventricular arrhythmias 
or only an accompanying event. 

The behavior of the QT/QTc interval varied 
throughout the day in postinfarction patients with ma
lignant ventricular arrhythmias: there was a longer 
mean QTC/h, a larger number of QTc values >500 ms 
in absolute terms and as a percentage of beats, and 
more frequent and prolonged QTc clusters in the peri
od between 11 p.m. and 11 a.m. 

Algra et al. (12) recently published the report of a 
study in which QTc interval was analyzed automatical
lyon Holter tapes. Here, prolongation of the QTc in-
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Fig. 4. Trend of QT in a patient showing transient prolongation of 
QT > 500 ms 

terval to more than 440 ms doubled the patients' risk 
of sudden death. Moreover, the presence of a short 
QTc interval «400 ms) was also predictive of arrhyth
mic complications during follow-up. However, Algra's 
study is not entirely comparable to ours because only 
50% of their very heterogeneous group of patients 
were postinfarction patients and many of them were 
taking drugs that can modify QT interval. 

As already mentioned, the rate of occurrence of 
sudden death and malignant ventricular arrhythmias is 
greater between 6 a.m. and noon. Although this fact 
may show a link between these two factors, it does not 
demonstrate a cause-effect relationship. Prolongation 
of the QT interval may only be a marker of malignant 
ventricular arrhythmias but not a trigger. Although 
some isolated cases have been described, we have been 
unable to confirm in our review, that a sudden prolon
gation of QTc is the triggering mechanism of sudden 
death and not only a manifestation of an underlying 
mechanism. 

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

Conclusions 

As we have seen, the presence of malignant ventricular 
arrhythmias and sudden cardiac death demonstrates a 

Table 8. Circadian rhythm of the peaks and clusters of QTC lengthening over 500 ms in postmyocardial infarction patients wih malignant ven
tricular arrhythmias (group I) 

24 h of Holter 11 a.m.-II p.m. 11 p.m.-11 a.m. p value 

Number of peaks of QTc > 500 ms/h 463±315 336±176 590±375 <0.05 
Percentage of peaks of QTc > 500 ms/h 4.17±2.83 3.02±1.58 5.31±3.37 <0.05 
Number of grouped peaks (clusters) 1.29± 1.1.27 0.84±0.83 l.75±1.48 NS 
with QTc lengthening> 500 ms/h 
Mean duration (min) of the 7.41±8.31 2.85±1.95 10.60±9.64 <0.04 
grouped peaks per hour 

Results represent the mean±standard deviation taken from hourly Holter monitoring within the period of time indicated. The p value expresses 
the differences between time from 11 a.m. to 11 p.m. versus from 11 p.m. to 11 a.m. 
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circadian rhythm. Most of the actually known possible 
"triggers" such as ischemia, ventricular premature 
beats, etc. also show this circadian patttern. In the past 
years a good deal of attention has been focused on the 
important role of the autonomic nervous system as a 
triggering mechanism of malignant arrhythmias. Al
though we have not reviewed all the repolarization pa
rameters of the sympathetic-parasympathetic balance, 
some of them, such as the heart rate variability, also 
show this circadian rhythm. QT and QTc interval is an
other important parameter for autonomic nervous sys
tem analysis, although it is also influenced by other 
factors (such as circulating catecolamines, drugs, etc.). 
In our study as in Algra's study (12), a QT prolonga
tion during Holter recording is more frequently pres
ent in patients with arrhythmic events after MI. In 
postinfarction patients with malignant ventricular ar
rhythmias during follow-up this circadian pattern re
mains but sudden prolongation of QTc values 
("peaks") appears, usually grouped in cluster form. 
The circadian rhythm of these peaks is quite similar to 
the circadian pattern of sudden death, although this is 
not a demonstration or evidence that QTc prolonga
tion is the triggering factor of sudden death. This QTc 
prolongation may only be the manifestation of an un
derlying process such as a sudden imbalance of the au
tonomic nervous system. Circadian pattern factors of
fer a new avenue in the study of the mechanisms of 
sudden death. Many mechanisms, triggers, modulators, 
etc. are still unknown and why an arrhythmia develops 
at a given moment in the follow-up sometimes remains 
a mystery. There are still many questions that are 
open: does the circadian pattern of these parameters 
have any clinical relevance; is it only an external mani
festation of an underlying mechanism or is it the actual 
triggering mechanism; does the lack of the circadian 
pattern represent a worse prognosis factor in postin
farction patients? Without any doubt the technological 
improvements in Holter equipment in the future, with 
the possibility of studying not only circadian variations 
of heart rate variability but also other repolarization 
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parameters such as QT interval, T wave alternans, etc., 
and its modification before an arrhythmic episode (us
ing Holter recordings of AICD devices) will increase 
our knowledge of sudden death mechanisms. 
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Introduction 

Alternation of the configuration and/or duration of 
the repolarization wave of the electrocardiogram 
(BCG) - usually referred to as T wave alternans, and 
occasionally as ST alternans, V wave, or TV wave al
ternans - is seen under diverse experimental and clini
cal conditions (1,2), Interest in repolarization alter
nans is attributed to the hypothesis that it may reflect 
underlying dispersion of repolarization in the ventri
cle, a well-recognized electrophysiolgic substrate for 
reentrant ventricular tachyarrhythmias (3-6). Al
though overt T wave alternans in the BCG are not 
common, in recent years digital signal-processing 
techniques capable of detecting subtle degrees of T 
wave alternans have suggested that the phenomonem 
may be more prevalent than recognized and could 
represent an important marker of vulnerability to ven
tricular tachyarrhythmias (7-9). This report provides a 
brief review of the experimental and clinical condi
tions associated with T wave alternans and the elec
trophysiologic basis that links the phenomenon to 
ventricular vulnerability, Preliminary observations on 
a recently developed noninvasive technique to detect 
subtle T wave alternans will also be discussed (10). 

Experimental T Wave AIternans 

Tachycardia-Dependent Alternans of Normal Cardiac 
Fibers 

Alternans of the action potential duration (APD) of 
normal Purkinje and ventricular muscle fibers under 
physiologic conditions can consistently be induced by a 
critical short cycle length. In Purkinje fibers, alternans 
induced by a decrease in cycle length always declined 
progressively and disappeared before the APD 
reached the new steady state. In ventricular muscle 
fibers, the magnitude of alternans induced by a de
crease in cycle length also tended to decrease progres
sively because of declining memory effect. However, at 
very rapid rates, alternans of action potential shape in 
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ventricular muscle fibers could continue indefinitely 
without a change in diastolic interval (11). 

Alternation of APD of Purkinje fibers is explained 
by the differences in the recovery of membrane cur
rents generated by the preceding action potential 
(12,13). The two recovery processes that could be cur
tailed by a reduction of the interval between successive 
action potentials are the recovery of the slow inward 
calcium current (I,,) from inactivation and the differ
ence in magnitude of the decaying time dependent 
outward current(I,) (12,13), Although the same factors 
may also influence the alternation of APD of muscle 
fibers, the latter seem to have an independent mecha
nism for action potential alternans associated with ten
sion alternans. The alternans in muscle fibers may be 
related to differences in the concentration and/or han
dling of intracellular calcium (11). Action potential al
ternans of muscle fibers can be limited to alternation 
of the configuration of the plateau without changes in 
APD or diastolic intervals (11). It is important to 
emphasize the differences between the mechanisms of 
alternans in Purkinje and muscle fibers because the 
relative contribution of both type of fibers to the con
figuration of the endocardial monophasic action po
tential (MAP) is still largely unknown. 

Myocardial Ischemia and Alternans 

Myocardial ischemia may create electrical alternans 
resulting from electrophysiologic nonhomogeneities 
within the ischemic myocardium as well as between 
the ischemic and nonischemic myocardium. The mech
anism of electrical alternans at the cellular level during 
experimental myocardial ischemia has been studied in 
intact and isolated hearts (1,5,14,15). Acute ischemia 
shortened the APD and decreased action potential 
amplitude, velocity of depolarization, and resting 
membrane potential. Alternans of action potential am
plitude was associated with alternation of baseline and 
ST segment level, and alternans of upstroke velocity of 
action potential was associated with alternating depo
larization morphology in the extracellular signals (14), 
At a later stage of ischemia, postrepolarization refrac-
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Fig. 1. Transmembrane action potential and local electrogram be
fore (top) and 5 min after (bottom) coronary occlusion (ocel.) in a 
pig heart. Two complexes occur during alternans. Note that de
layed repolarization in the ischemic area results in a negative T 
wave in the electrogram. From Kleber et al. (14) 

toriness resulted in progressive delay of recovery that 
eventually caused encroachment of the stimulated 
complex on the next stimulus, thus producing alter
nans of APD and refractoriness (Fig. 1). It has been 
suggested that the differences in action potential am
plitude and resting membrane potential during alter
nans create the substrate for spontaneous reexcitation, 
contributing to ventricular tachyarrhythmias during is
chemia (5,14,16). 

Alternans caused by asynchrony of depolarization 
is not the only mechanism of ST segment alter
nans during acute ischemia because ST and T wave 
alternans have been recorded in association with 
alternating amplitude and duration of MAP without 
activation delay (16). The risk of ventricular fibrillation 
increases with increasing magnitUde of ST alternans, 
particularly when the ST segment alternans is discor
dant (that is, the ST changes in the adjacent leads are 
out of phase) (17). 

In addition to manifest alternans in the ECG, sub
tle forms of T wave alternans that could be detected by 
spectral analytical methods have been shown to be 
temporarily associated with occurrence of ventricular 
fibrillation in dogs following ligation of the left anterior 
coronary artery (8). 

The ionic basis of repolarization alternans during 
acute ischemia is not well defined. It has been suggest
ed that changes in electrical restitution that coincide 
with repolarization alternans may reflect a disturbance 
in ionic conductances related to either accumulation of 
extracellular potassium or impaired intracellular cy
cling of calcium (13). Antzelevitch and colleagues (18) 
have proposed that alternans of the ST segment and T 
wave may be due to loss of action potential dome on 
alternate beats during ischemia. They recorded action 
potentials from endocardial and epicardial myocytes 
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dissociated from canine left ventricle. When the tissue 
was superfused for 30 min with ischemic solution, 
there was a suppression of dome on alternate beats in 
the epicardial tissue but no effect on endocardial tis
sue. The simulated ECG obtained by differential 
recording of the endocardial and epicardial traces re
vealed an alternation pattern. It was postulated that 
these morphology changes leading to alternans could 
set the stage for dispersion of refractoriness and vul
nerability to ventricular arrhythmias. 

TV Alternans in Experimental Models of Long QTV 
Syndrome 

El-Sherif et al. (19) suggested that TU alternans in the 
long QTU syndrome may be due to alternate propaga
tion of early afterdepolarization (EAD). This was 
shown in an experimental model of bradycardia-de
pendent long QTU and torsade de pointes (TDP) ven
tricular tachyarrhythmia in the dog induced by antho
pleurin-A. The drug results in marked lengthening of 
APD by delaying inactivation of the sodium current 
and produces EADs preferentially in Purkinje fibers. 
El-Sherif et al. (19) studied the propagation of EAD 
in a Purkinje-muscle preparation exposed to antho
pleurin-A and showed that conduction of EAD from 
Purkinje to muscle fibers was relatively slow and 
suggested that the conduction delay occurred 
predominantly at the Purkinje muscle junction. Tachy
cardia-dependent alternation of a deflection on the en
docardial MAP in the same experimental model was 
interpreted to represent alternate conduction block of 
an EAD (Fig. 2). 

However, the hypothesis that 2:1 propagation of 
EAD can explain TU alternans in the long QTU syn
drome is based only on analysis of MAP repolarization 
recordings. The validity of the hypothesis depends on 
whether these deflections on the endocardial MAP ac
tually represent EAD. The nature of the endocardial 
MAP in the in vivo heart is not well defined. The MAP 
recording may reflect activity generated in Purkinje 
fibers and in subendocardial muscle fibers. In a prelim
inary study from our laboratory, we have shown that, 
in vitro, mere differences in repolarization between 
Purkinje and adjacent muscle can produce MAP de
flections similar to phase 3 EAD in normal endocar
dial preparations (20). The late phase 3 repolarization 
of the Purkinje fiber appeared as a late phase 3 EAD 
in the MAP. Thus it is possible that what has been in
terpreted as 2:1 occurrence of EAD on phase 3 of the 
endocardial MAP may have represented a greater de
gree of alternation of APD of Purkinje fibers com
pared to adjacent muscle fibers. 

Clinical T Wave Alternans 

Acute Ischemia and T Wave Alternans 

Manifest T wave or ST alternans in the ECG have 
been frequently reported in clinical situations associat
ed with acute myocardial ischemia such as Prinzmetal's 
angina (21,22), angioplasty (23), bypass graft occlusion 
(24), the postexercise period (25), and myocardial in-
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Fig. 2. Recordings from a canine experiment of epicardial (EPI) 
transmembrane action potential (TAP) , endocardial (END) 
monophasic action potential (MAP), and surface ECG showing 
QTU alternans. A Control recordings. B Recordings obtained 14 
min after the administration of anthopleurin-A (AP-A) (4 ~g/kg) 
showing QTU alternans due to 2:1 alternation of an early after de
polarization EAD (marked by arrows) that was more prominent in 
the endocardial MAP. Cardiac cycle during the alternans was 450 
ms. C Cardiac cycle length was increased to 700-750 ms by vagal 
stimulation. Epicardial TAP could not be maintained. There was 
further prolongation of the endocardial MAP and QTU segment 
with disappearance of the QTU alternans. Every action potential 
was followed by an EAD with an increased amplitude. A short run 
of ventricular tachycardia occurred and the first ectopic action po
tential arose from the peak of the EAD. Arrhythmia terminated by 
full repolarization of the last action potential, which did not show 
an EAD. From El-Sherif et al. (19) 

farction (26,27). In patients with acute ischemia, ST al
ternans usually consists of alternating levels of ST ele
vation in the standard or anterior precordial leads, or 
both, displaying an acute injury pattern with an anteri
orly or inferiorly directed ST vector. ST alternans dur
ing acute ischemia have been associated with the ap
pearance or aggravation of ventricular tachyarrhyth
mia. For example, in a study by Turitto and El-Sherif 
(22) the incidence of ventricular arrhythmias was sig
nificantly higher in patients with Prinzmetal's angina 
and visible ST segment alternans (78 %) than those 
without ST alternans (32% - p<O.05) (Fig. 3). The sta
tistical correlation between alternans and arrhythmo
genesis pertained only to the occlusion and not the 
reperfusion phase. The frequency of ischemic attacks 
accompanied by angina, the magnitude of ST segment 
elevation at the peak of the ischemic attack, and the 
duration of the attack, were all significantly greater in 
patients with visible ST alternans. However, it has 
been noted that the frequent occurrence of ventricular 
tachyarrhythmias and sudden cardiac death during 
coronary artery spasm in the absence of ST alternans 
makes it difficult to assess the specificity of this associ
ation (1). 
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Fig. 3A,B. ECG recording of lead II from a patient during 
Prinzmetal's angina showing ST alternans and runs of ventricular 
tachycardia 

T or TV Wave Alternans in Patients with Congenital or 
Acquired Long QTV and TDP 

T or TU alternans are relatively common in patients 
with congenital or idiopathic long QTU and TDP as 
well as in those patients in whom the syndrome is re
lated to electrolyte abnormality, including hy
pokalemia, hypomagnesemia, and hypocalcemia (28-
31). In contrast, T or TU alternans are rare in patients 
with the acquired long QTU and TDP (31). 

The acquired drug-induced long QTU and TDP is 
characteristically bradycardia dependent. On the other 
hand, bradycardia is not a requirement for the devel
opment of long QTU and TDP in patients with con
genital or idiopathic long QTU syndrome as well as 
when the syndrome is associated with electrolyte ab
normality. 

On the contrary, patients with congenital or idio
pathic long QTU syndrome characteristically develop 
TDP during periods of increased adrenergic activity 
(29) usually associated with relative increase of the 
heart rate, i.e., tachycardia dependent. It is in this 
group of patients that tachycardia dependent TU al
ternans is commonly observed and is associated with 
the onset of TDP (Fig. 4). It has been suggested that 
an abnormal adjustment of APD to shortening of the 
cardiac cycle length may play an important role in the 
mechanism of TDP in those patients (32). This can al
so easily explain the common occurrence of TU alter
nans on sudden increase of the heart rate. These ob
servations raise the role of dispersion of repolariza
tion versus EAD in the initiation and perpetuation of 
TDP in general and in this group of patients in partic
ular (31). 

There is strong experimental and clinical evidence 
that the initiating beat of TDP represents an action po
tential triggered by EAD arising from the Purkinje 
network. However, the electrophysiologic mecha
nism(s) of subsequent beats is less certain. These beats 
could result from a succession of triggered action po
tentials arising from EAD, from circus movement 
reentry due to dispersion of repolarization, or from a 
combination of more than one mechanism (33). 

However, it is possible that the congenital/idio
pathic and the acquired long QTU syndromes have 
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Fig. 4A·E. Representative ECG recordings from a newborn baby 
boy with congenital long QTU syndrome showing tachycardia-de
pendent TU alternans and torsade de pointes tachyarrhythmia. R
R cycle lengths are in milliseconds. From Habbab and El-Sherif 
(31) 

similar electrophysiologic mechanisms but differ in the 
degree of the abnormality and/or the relative contribu
tion of each mechanism. A recent report showing 
subtle T wave alternans in the ECG associated with 
alternans of the endocardial MAP recordings from a 
patient with procainamide-related long QTU and TDP 
(Figs. 5, 6) raises the possibility that subtle degrees of 
T wave alternans may be detected in patients with ac
quired long QTU and TDP if recent digital signal pro
cessing techniques are utilized. 

Subtle T Wave Alternans and Vulnerability to Ventricu
lar Tachyarrhythmias 

T wave alternans in vivo may be so subtle as to pre
clude visual detection, yet be statistically significant 
and easily measurable with digital signal-processing 
techniques (7). In a recent study signal-processing tech
niques to measure electrical alternans at a microvolt 
level were utilized to establish the prognostic impor
tance of electrical alternans in a group of 83 patients 
referred for diagnostic electrophysiologic testing (9). Ir
respective of left ventricular mechanical function, sub
tle alternation of the ST segment or T wave was an in
dependent marker of vulnerability to inducible ventric
ular arrhythmias and clinical arrhythmic events. The 
maximum level of T wave alternans recorded in this 
study was only 116 mY, indicating the need for sensi
tive signal-processing techniques and explaining why 
alternans is not commonly recognized on standard 
ECG tracings. In this study, however, alternans was 
measured during atrial pacing in order to eliminate 
any possible influence of heart rate or beat-to-beat 

15 

L.l -.l1 ___ -'L ___ JL.. __ --.JL--_--'L_-

Fig. 5. Recordings from a patient with procainamide-related ac
quired long QTU and torsade de pointes tachyarrhythmia. Electro
cardiographic leads L" aVF, and V, are shown. The endocardial 
monophasic action potential (MAP) recording from the right ven
tricle (RV) shows alternation of the configuration and duration of 
MAP associated with subtle but definite alternation of the TU 
wave at a constant cycle length of 1140 ms. The right panel illus
trates a superimposed recording of two consecutive beats. The ar
rows point to detlections consistent with early afterdepolarization. 
From Habbab and El-Sherif (31) 
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Fig. 6A,B. Recordings from the same patient in Fig. 5 showing the 
occurrence of torsade de pointes tachyarrhythmia. The arrows 
point to detlections on the endocardial monophasic action poten
tial (MAP) recording from the right ventricle (RV) that are consis
tent with early afterdepolarizations (EAD). Electrocardiographic 
leads L" aVF, and V, are shown. Note that the first ectopic action 
potential seems to arise from the descending limb of the EAD and 
before complete repolarization of the sinus beat action potential. 
From Habbab and El-Sherif (31) 

variability in heart rate on measured T wave alternans. 
To make the measurement of repolarization alter

nans a suitable test for ambulatory patients, improve
ments in the algorithm are required to compensate for 
the fluctuations in heart rate associated with sinus 
rhythm. Recent technical improvements allow the de
tection of microvolt T wave alternans during sinus 
rhythm with the heart rate moderately elevated to >90 
beats/min using bicycle exercise (Fig. 7). In a prelimi
nary multicenter study (10) alternans voltage> 1.0 m V 
at rest or >1.9 m V during exercise and alternans ratio 
>3 were required for a positive alternans test. Arrhyth
mia vulnerability was defined by clinical or induced 
sustained ventricular tachycardia or fibrillation. The 
positive and negative predictive values of T wave alter
nans in this group of patients were 85% and 100%, re
spectively. Further studies will be required to evaluate 
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Fig. 7. Surface ECG lead and T wave power spectrum from a pa
tient with resuscitated cardiac arrest and inducible fast ventricular 
tachyarrhythmia who later received an implantable cardioverter 
defibrillator. The ECG and T wave spectrum were obtained during 
bicycle exercise that increased the heart rate to approximately 100 
beats/min. The spectrum shows a large noise peak at 0.33 cycle per 
beat reflecting the noise artifact associated with bicycling. A sec
ond peak at 0.5 cycle per beat illustrates the presence of T wave al
ternans. Note the absence of any visible beat-to-beat alternation of 
T wave in the surface ECG lead 

the test as a noninvasive index of vulnerability to ven
tricular tachyarrhythmias and to compare the sensitivi
ty and specificity to other indices of sudden cardiac 
electrical death. 
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Introduction 

Ventricular fibrillation (VF) in the presence of is
chemic heart disease is the leading cause of sudden 
cardiac death (1). Other less common cardiac diseases 
are also associated to VF, among them the cardiomy
opathies, myocarditis, the long QT syndrome, infiltra
tive diseases such as amiloidosis, and valvular defects. 
However, in a small subset of patients who develop 
VF, no structural heart disease can be identified de
spite intensive examination. These patients are defined 
as having "idiopathic ventricular fibrillation" (IVF; 2-
6). 

Knowledge about IVF is very limited and this 
complicates the management of these patients. It is 
not known whether they are in an early stage of an 
undetectable structural heart disease, yet which is ca
pable of reducing cardiac electrical stability. The fre
quency of recurrence of lethal ventricular tach
yarrhythmias is also unknown and whether therapy is 
necessary or useful in modifying prognosis. The lack 
of conclusive answers to these very basic questions 
makes IVF a very difficult clinical condition to man
age and relegates clinical decision to an empirical 
process rather than a logical procedure soundly based 
on medical knowledge. 

Historical Perspective 

In 1992 we reviewed (5) the data published in the inter
national literature on IVF during the last 35 years. We 
identified only case reports or small cohorts of patients, 
with a total of 125 cases of IVP. Sixty-eight percent of 
patients were males, their age ranged from 9 to 79 
years, and the follow-up period varied from 2 months 
to 14 years. Electrophysiologic studies were performed 
in 95 patients: nonsustained ventricular tachycardia 
(VT) was induced in 9% of patients, sustained VT in 
26%, and VF in 12%. The therapies used in this group 
of patients were extremely varied and included class I 
antiarrhythmic drugs, amiodarone, B-blockers, a combi
nation of the above, and implantable cardioverter de-
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fibrillators (leDs). The need for therapy in patients 
with ventricular arrhythmias has to be weighed against 
the risk of pro arrhythmic events, and the assessment of 
the risk-benefit ratio obviously depends on the risk of 
recurrence. Unfortunately, at this time, this risk cannot 
be quantified in patients with IVP. 

Vis kin and Belhassen (2) reported in their cohort 
of 45 patients a recurrence rate of 11 %. In our own 
analysis, out of 100 patients, 12 died suddenly or were 
defibrillated by leD and another nine experienced re
currence of nonsustained VT or syncopal episodes: 
the overall number of recurrence of arrhythmic events 
was therefore 21 %. If this figure were confirmed in a 
clinical study one would conclude that IVF patients 
are at high risk of recurrence. Recently, Wever and 
coworkers (3) reported the first large series of IVF pa
tients studied prospectively at the same institution 
with an extensive evaluation of cardiac function and a 
relatively long follow-up (43 months, range 5-85 
months). The results of this study are particularly im
portant for estimating the risk of recurrence. Major 
arrhythmic events occurred in 7/19 (37%) patients. 
Two patients were treated with antiarrhythmic drugs 
and experienced a recurrence of cardiac arrest: one 
died suddenly, and the other was successfully resusci
tated. In the remaining five patients termination of 
syncopal episodes occurred by leD shock. None of 
the 19 patients included in the study developed signs 
of cardiac disease at follow-up. The authors concluded 
that IVF is a truly idiopathic disease which carries a 
high risk of recurrence of cardiac arrest and therefore 
suggested that implantation of leD is recommended 
in survivors from IVP. 

Mechanisms for Arrhythmias in IVF 

The mechanisms for arrhythmogenesis in IVF can 
only be speculated upon. The presence of an 
anatomical substrate to initiate reentry is unlikely as 
no structural abnormality is, by definition, present 
in these patients. Indeed, the low rate of inducibility 
of monomorphic VT in IVF patients supports the 



concept of the absence of a structural abnormality. 
However, even if an anatomical pathway for reentry 
does not exist, reentry may still be the mechanism for 
arrhythmias when functional reentry (7) is initiated by 
a premature beat. As an alternative hypothesis focal 
arrhythmias originating from different foci may be the 
mechanism for polymorphic VT which may degenerate 
into VF (8). The two hypotheses may even coexist, as 
triggered or automatic beats may initiate the arrhyth
mias and a functional reentry may allow perpetuation 
of the VT and degeneration into VF. 

Finally, recent knowledge about genetic abnormal
ities in ionic channels obtained in long QT syndrome 
(LQTS; 9,10) have raised the possibility that primary 
electrical disorders (of which LQTS may be considered 
one form characterized by prolongation of repolariza
tion) may indeed be the consequence of congenital 
"channelopathies", i.e., primary abnormalities of ionic 
channels function that result in an increased suscepti
bility to ventricular arrhythmias. 

A Prospective Registry for IVF 

The implementation of an extensive international IVF 
data base has been advocated by several investigators 
(2,4) as the only approach that could lead to the collec
tion of a large patient population. Such an internation
al registry could provide not only epidemiological data 
on the gross incidence and outcome of IVF, but would 
also make it possible to evaluate the effectiveness of 
therapy. 

It is very important that in such a study patients 
are monitored for at least 10-15 years in order to es
tablish whether any structural heart disease might de
velop over time, thus suggesting that the cardiac arrest 
might have been the first and only symptom of the pre
clinical phase of an organic disease. 

Previous experience with an international registry 
has proven successful in the understanding of another 
rare and lethal disease: the idiopathic LQTS (11,12). 
The international LQTS registry was initiated by A.I. 
Moss, R.S. Crampton, and P.I. Schwartz. As of today, 
after 16 years of activity, data are available for 7900 
patients and family members and have provided a ma
jor contribution to the understanding of the disease. 

In 1992 the Working Group on Cardiac Arrhyth
mias of the European Society of Cardiology officially 
endorsed the international IVF registry UCARE (Un
explained Cardiac Arrest Registry of Europe). Given 
the need for international collaboration for the success 
of this project the European Economic Community 
and the European Society of Cardiology have provid
ed a research grant that will help to support UCARE 
and to increase awareness of IVF among clinicians. 

The primary objective of UCARE is to collect in
formation about individuals who survived a document
ed episode of IVF (Fig. 1) and to follow them for at 
least 10 years with yearly visits to acquire information 
on (1) recurrence of malignant arrhythmias or cardiac 
arrest, (2) development of a previously non obvious or
ganic heart disease, and (3) the difference in outcome 
in patients treated with different drugs or devices. 

UCARE is a registry open to any physician world
wide willing to collaborate by providing cases of IVF 
for enrollment. UCARE is not a clinical trial, there
fore there are no protocols to be followed and physi
cians are free to decide whether any treatment is re
quired and, if so, which medication or device is the 
most appropriate in their judgment. 

Since IVF is mainly a diagnosis of exclusion, it is 
difficult to define how and when it is possible to ex
clude, with a high degree of accuracy, the presence of 
structural heart disease. In fact, it may happen that an 
abnormality responsible for arrhythmic development is 
missed because a test is not performed, is incorrectly in
terpreted, or is simply not sensitive enough to detect 
disease at an early stage. The use of endomyocardial 
biopsy has been advocated by several investigators (13-
16) as a procedure that may identify occult heart disease 
in patients with unexplained ventricular tachyarrhyth
mias. In our experience, myocardial biopsy in patients 
with IVF is likely to reveal normal specimens or "aspe
cific alterations" that might also be present in normal 
individuals. The interpretation of these findings remains 
difficult until a control group constituted by individuals 
with normal hearts and no arrhythmia is available in 
which the prevalence of the so-called aspecific alter
ations in the normal population is estimated. In the 
UCARE registry endomyocardial biopsy was per
formed in 49/127 patients (39%). In 39/49 (80%) no al
terations were identified, while in the remaining ten 

Fig. 1. Self-terminating ventricular fibrillation in a patient (L.E., female, 52 years old) without structural heart disease. (Courtesy of Dr. C. 
Menozzi and Dr. N. Bottoni) 
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patients mild fibrosis was observed in six, mild cellular 
hypertrophy in two, and mild disarray of fibers in other 
two: all these observations were defined as "nonspecif
ic" for a diagnosis of structural heart disease. 

We believe that the long follow-up planned for the 
UCARE patients will allow us to put these data into 
perspective since if they really represent an early mark
er of a structural disease in the preclinical stage, a full
blown disease will eventually develop and will be identi
fied at follow-up. 

Criteria and guidelines to exclude the presence of a 
structural heart disease have been prepared by the 
Steering Committee of the UCARE registry (Table 1) 
by taking into consideration the major diagnoses that 
need to be excluded (Table 2). However, no matter how 
carefully a patient is studied, a few clinical conditions po
tentially responsible for ventricular tachyarrhythmias 
such as coronary artery spasm or malformations, subclin
ical or focal myocarditis, sporadic LQTS, or LQTS with 
normal QT interval remain particularly difficult to iden
tify: a follow-up over a prolonged period of time may in 
these cases be the only way to secure a correct diagnosis. 

Table 1. Members of the Steering Committee of UCARE 

Martin Borggrefe 
A. John Camm 
Richard N.W. Hauer 
Helmut Klein 
Karl-Heinz Kuck 

Silvia O. Priori 
Peter J. Schwartz 
Paul Touboul 
Hein J.J. Wellens 

Table 2. Clinical conditions to be excluded in the diagnosis of idio
pathic ventricular fibrillation 

Coronary artery disease 
Congenital malformation 
Atherosclerosis 
Spasm 

Cardiomyopathies 
Hypertrophic 
Dilated 
Right ventricular dysplasia 

Long QT syndrome 

Ventricular pre-excitation 

Iatrogenic arrhythmias 
Cocaine 
Digitalis 
Agents known to induce torsade de pointes (antiarrhythmic 
agents that prolong repolarization, antidepressants, macrolide 
antibiotics, antifungals of the "onazoles" group, antihistaminic 
drugs) 

Electrolyte abnormalities 
Hypomagnesemia 
Hypokalemia 

Infiltrative and inflammatory disorders 
Sarcoidosis 
Amyloidosis 
Postinflammatory fibrosis 
Myocarditis 

Before enrolling a patient in UCARE it is recom
mended that a careful history is taken in order to identi
fy a family history of sudden death, and that noninva
sive as well as invasive procedures be performed (Table 
3) such as standard ECG, signal-averaged ECG for the 
detection of late potentials, echocardiogram, Holter 
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Table 3. Diagnostic procedures performed in idiopathic ventricular 
fibrillation in patients 

Test Patients Percentage 

Echocardiogram 126 99 
Holter 108 85 
Exercise stress test 114 90 
Coronary angiography 115 91 
Electrophysiologic study 121 95 

recording, exercise stress test, electrophysiologic study 
for the exclusion of pre-excitation and for the evalua
tion of inducibility of ventricular tachyarrhythmias, an
giography, myocardial biopsy, heart rate variability, 
baroreflex sensitivity, and magnetic resonance imaging. 
Every year at the follow-up visit it is important to obtain 
information on recurrences of ventricular tachyarrhyth
mias and to repeat the noninvasive tests to exclude the 
presence of signs or symptoms suggestive of organic 
heart disease development. 

As of 30 April 1995, 127 patients have been en
rolled in UCARE: 92 males and 35 females. The mean 
age at the time of the first episode of cardiac arrest was 
38±16 years. The analysis of factors associated to de
velopment of VF such as type of activity or the loca
tion in the minutes preceding the arrest has not offered 
relevant information that could help in identifying risk 
predictors for these individuals (Fig. 2). In 26 patients 
(20%) cardiac arrest occurred during physical exer
tion and in 11 (9%) it occurred after intense stress or 
emotion (Fig. 3). Overall, adrenergic activation was 

17.5% 

42 .5% 

Fig. 2. Location of critical event 
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58.4% 

Fig. 3. Factors associated with the critical event 



Fig. 4. Intact coronary arteries in a female patient 69 years old. (Courtesy of Dr. A. Saino) 

present at the time of arrest in 29% of patients: these 
subjects may belong to a subgroup of individuals with 
catecholamine-dependent arrhythmias and otherwise 
normal heart (17). Forty patients (31.5%) had a histo
ry of syncopal episodes before the index event and 
none of these events required resuscitation. 

Only 46% of patients (56/121) were inducible at 
baseline electrophysiologic study. Overall, sustained 
monomorphic VT occurred in a minority of inducible 
subjects (n = 3) while polymorphic VT and ventricu
lar flutter/fibrillation occurred in 17 and 30 subjects, 
respectively; nonsustained VT occurred in the re
maining six patients. Since monomorphic VT is 
largely attributed to the presence of an anatomical 
substrate that perpetuates a reentrant pattern of ex
citation, it appears logical that in IVF patients, in 
whom a lack of organic substrate is postulated, 
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monomorphic VT should be difficult to induce. 
Coronary artery anatomy was evaluated by means 

of angiography in 115 (91 %) patients and in no case 
stenoses >50% were identified. The use of the er
gonovine test has been recently advocated (18) to as
sess the propensity of coronary arteries to develop va
sospasms. This test was performed in 34 subjects and 
only in two cases it was positive; these patients have 
been excluded from the analysis (Fig. 4). 

Recently, Brugada and Brugada (19) reported the 
existence of a new syndrome characterized by episodes 
of VF in subjects with no structural heart disease with 
a typical ECG pattern consisting of right bundle block 
and persistent ST segment elevation in VI-V3. This 
syndrome is described as a variant of IVF. Three pa
tients in the population enrolled in UCARE presented 
with the electrocardiographic features described by 

Fig. 5. ECG tracing showing the pattern described 
by Brugada and Brugada (19). (Courtesy of Dr. 
M. Fromer) 



Brugada and Brugada (Fig. 5). In the series reported 
by Brugada and Brugada these patients experienced a 
high rate of recurrences, since out of the eight patients 
included in the study one experienced several episodes 
of polymorphic VT associated with circulatory arrest, 
one died suddenly, and one was successfully defibril
lated by the lCD, while the remaining five subjects re
mained asymptomatic. No criteria were identified to 
differentiate patients who experienced recurrences 
from those who remained asymptomatic. 

Therapy 

The subgroup of patients with IVF has been previously 
considered at low risk of recurrence of cardiac arrest be
cause they have often been grouped with patients with 
idiopathic ventricular tachycardia (IVT). However, there 
are no data to support the concept that the patients 
showing greater electrical instability of the heart which 
allows the development of VF share the same risk of re
currence as the subgroup of patients that only develops 
VT. Since it is well established that patients with IVT 
have a benign prognosis (20-24), it is rather obvious that 
in grouping the smaller population with IVF together 
with the larger group with IVT one will end up with an 
overall lower risk of recurrence to be attributed to both 
subgroups. Similarly, when a risklbenefit ratio is calculat
ed to assess the need for therapy in IVT patients one 
might challenge the idea of life-long therapy versus the 
low risk of experiencing recurrence of VT. On the other 
hand, the evaluation of the need of treatment should be 
entirely different in a young and otherwise healthy pa
tient resuscitated from a documented episode of VF in 
whom a recurrence may be fatal. 

In the UCARE patient population pharmacologi
cal therapy was started in 58 patients (Table 4). Most 
patients (22/58) received B-blockers on the assumption 
that adrenergic activation may be the most important 
trigger for the development of tachyarrhythmias in nor
mal individuals. It is interesting to note that 13 subjects 
received therapy with sodium channnel blockers; how
ever, they were all treated before 1990. This is likely to 
reflect a "post-CAST" attitude based more on emo
tional than on rational evidence. The CAST study (25) 
enrolled postmyocardial infarction subjects with fre
quent arrhythmias, and data obtained in this popula
tion cannot be directly extrapolated to the group of pa
tients with IVF. Viskin and Belhassen (2) in their 
analysis of previously published reports of IVF suggest
ed that sodium channel blockers prevent arrhythmia in
ducibility in several patients and are therefore likely to 
represent an effective therapy for IVF patients. 

Table 4. Therapy at hospital discharge 

Therapy Patients Percentage 

Single AA agent 46 36 
Two or more AA agents 12 10 
ICD 57 45 
ICD + AA agent 8 6 
No therapy 4 3 

AA, antiarrythmic agent; lCD, implantable cardioverter defibrillator 
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In the group of patients enrolled in UCARE, 
pharmacological therapy did not show any benefit in 
preventing arrhythmia recurrence. As a matter of fact 
five of seven patients (71 %) treated with amiodarone, 
four of eight (50%) treated with class I agents, one of 
two (50%) treated with calcium antagonists, and three 
of 20 (15%) receiving B-blockers experienced recur
rence of arrhythmia. 

It should be noted that these data refer to empiri
cal therapy and not to pharmacological therapy guided 
by results of programmed electrical stimulation (PES). 
This is due to the fact that during PES only about half 
of the subjects who experienced IVF developed sus
tained arrhythmias and most of them VT, i.e., not the 
arrhythmia responsible for their cardiac arrest. There
fore it cannot be excluded that the drug proven to be 
effective at PES may offer better protection from ar
rhythmic recurrences. 

It is remarkable to observe that in eight patients 
no therapy or devices were considered appropriate; in 
other words, the physicians of these subjects felt that 
chances of recurrences were so low that the risk/bene
fit ratio of any therapy was in favor of leaving the pa
tients untreated. As a matter of fact, after a mean fol
low-up of 29 months none of these subjects experi
enced recurrence of major arrhythmic events. 

The role of the ICD needs to be carefully evaluat
ed in IVF. These patients, in fact, represent a subgroup 
of the survivors of out-of-hospital cardiac arrest at 
high risk of dying of an arrhythmic episode but with an 
otherwise long life expectancy. These characteristics 
reflect the profile of the ideal candidate for ICD im
plantation as outlined by the Working Group on Ar
rhythmias of the European Society of Cardiology (26). 

As of today, 74 patients (57%) were implanted 
with the ICD; follow-up data are available for 49 pa
tients implanted with a defibrillator and in this group 
14 (29%) subjects experienced recurrence of VF, 
while four (8%) patients had inappropriate discharges 
of the defibrillator. Therefore if we wish to evaluate 
the cost/effectiveness of the ICD in IVF we should 
certainly acknowledge that while approximately 30% 
of patients are likely to be saved by the device, still 
70% of subjects may have no benefit from the ICD. If 
we take into consideration the high cost of an ICD 
and how it affects the quality of life of the patients, it 
appears straightforward that the identification of risk 
factors predictive for recurrence may help in identify
ing those individuals that would benefit most from the 
device. Unfortunately, multivariate analysis of the po
tential prognostic parameters is not helpful in identi
fying patients at higher risk of recurrence (Table 5). 

Table 5. Risk stratification 

Age < 40 years 
History of syncope 
Positive LP 
EPS inducibility 
Arrhythmias at exercise 
Arrhythmias at Holter 

Relative risk 

1.95 
1.80 
1.05 
0.97 
0.82 
0.58 

95% C.1. 

0.91 - 4.10 
0.90 - 3.60 
0.30 - 3.30 
0.52 - 1.80 
0.32 - 2.12 
0.26 - 1.32 

LP, late potentials; EPS, electrophysiologic study; c.I., confidence 
interval 



Ninety patients out of the total of 127 (71 %) have 
been clinically evaluated to define whether, after a 
mean period of 4±2.8 years, evidence of a structural 
heart disease has developed. Only three patients 
(3 %) presented with evidence or were suspected of 
having structural heart disease (in two cases with pos
itive results of the ergonovine test and in one case for 
thoracic chest pain during physical activity). These 
data support the hypothesis that IVF truly represents 
an electrical disorder unrelated to a structural heart 
disease. 

Conclusions 

Based on the current evidence it appears that IVF car
ries a high risk of recurrence of cardiac arrest and syn
copal episodes (24%); empirical pharmacological ther
apy is associated with a high risk of recurrence of ven
tricular tachyarrhythmias (12 patients of 37 receiving 
drugs, i.e., 33% had a recurrence) and of death (four 
of 37 patients receiving pharmacological therapy i.e., 
9%, died suddenly). 

For these reasons the implantation of an ICD ap
pears to be an appropriate therapeutic approach to 
IVP. However, in order to improve the quality of life 
of patients and to limit the number of shocks deliv
ered, all efforts should be made to identify a pharma
cological agent that could reduce the number of ar
rhythmic events; more specifically the role of pro
grammed electrical stimulation-guided therapy should 
be defined in IVF patients with arrhythmias inducible 
in the electrophysiology laboratory. 
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Beta Blockers, Sotalol, or Amiodarone for the Treatment of Malignant 
Ventricular Arrhythmias? 

A. Proclemer, D. Facchin, D. Miani, D. Vanuzzo, and G.A. Feruglio 

Divisione di Cardiologia, Ospedale S. Maria della Misericordia, Udine, Italy 

In patients with malignant ventricular tachyarrhyth
mias the impact of drug therapy on total mortality has 
been difficult to evaluate with certainty because place
bo-controlled studies could not be performed for ethi
cal reasons. However, current clinical data indicate a 
need for a greater use of drugs that prolong repolariza
tion, such as amiodarone and sotalol (class III of an
tiarrhythmics), than agents that delay conduction, such 
as sodium channel blockers (class I) (1-5). There is al
so increasing evidence that sympathetic inhibition rep
resents a fundamental feature in the treatment of pa
tients with ventricular tachycardia (VT) and ventricu
lar fibrillation (VF) (4). 

Beta Blockers 

In patients who have survived acute myocardial infarc
tion, beta blockers have short and long-term beneficial 
effects. A meta-analysis by Teo et al. (6) showed a sig
nificantly decreased mortality in patients who were 
treated with different ~-adrenergic blockers compared 
with placebo-treated controls (1464 deaths out of 
26973 patients in the first group versus 1727 out of 
26294 in the control group, p < 0.0001, relative risk, 
0.81). Several factors, such as antiarrhythmic activity, 
low incidence of pro arrhythmic effects, increase of fib
rillation threshold, anti-ischemic properties, and inter
action with the autonomic nervous system may ac
count for the prophylactic efficacy of these drugs. 
More specifically, the treatment with lipophilic beta 
blockers such as propranolol (7) and metoprolol (8, 9) 
was associated with a lower rate of VF, of sudden 
death, and of electrically treated VT compared to 
placebo. Lipophilicity allows a high penetration of 
these drugs into the brain, and the combining effect 
with ~l-adrenergic receptors causes an increase of va
gal activity and of fibrillation threshold (10) 

In patients with sustained ventricular arrhythmias, 
beta blockers are considered the first-choice treatment 
only in exercise-induced VT, catecholamine-sensitive 
VT, idiopathic VT, and "torsades de pointes" VT in 
the long QT syndrome. However, the role of these 
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drugs is still controversial in patients with underlying 
heart disease who have suffered from sustained 
episodes of VT or VF. The rationale for using beta 
blockers in this category of patients is the low inci
dence of pro arrhythmic phenomena and the relevant 
increase in the cardiac sympathetic activity. Recently, 
Meredith et al. (11) demonstrated a significant in
crease in the production of total and cardiac norepi
nephrine in patients with sustained VT or VF as a con
sequence of the left ventricular function reduction. 

Clinical Studies in Patients with Sustained Ventricular 
Tachycardia or Ventricular Fibrillation 

By using electrophysiologic studies, Duff et al. (12) 
evaluated the efficacy of propranolol in 28 patients 
with inducible sustained VT and observed a positive 
response to the parenteral administration of this drug 
in 21 % of the cases. No significant differences have 
been noticed between the response to low doses (beta 
blocking effect) and high doses, and no relevant 
changes in ventricular refractoriness were demonstrat
ed. In the follow-up, oral administration of propra
nolol was effective in four out of five of those patients 
who were considered responders in the acute phase. 
This study demonstrated that propranolol can suppress 
inducible VT in very few cases and that the efficacy of 
this drug is mainly due to its beta-blocking effect, 
rather than to traditional electrophysiologic effects. 

Brodsky et al. (13) assessed the effectiveness of 
solitary beta blocker treatment in 30 nonconsecutive 
patients with sustained ventricular arrhythmias. Meto
prolol, propranolol, atenolol, pindolol, acebutolol and 
nadolol were used. Episodes of VT were demonstrated 
in 57% of the patients during basic Holter monitoring; 
they were also provoked with exercise testing in 50% 
of the patients and induced by programmed electrical 
stimulation in 69% of the cases (86% with isopro
terenol). The use of beta blockers determined arrhyth
mia suppression in 54 % of cases on electrocardiogram 
(ECO) monitoring, in 83% during exercise, and pre
vented inducible VT in 37% during programmed elec
trical stimulation. A total of 24 patients underwent 



long-term treatment with beta blockers: six suffered 
from VT recurrence (25 %), and in two the treatment, 
was interrupted because of side effects. No deaths 
were reported. Factors such as an ejection fraction 
greater than 45%, absence of coronary disease, and 
age below 60 years were predictive of effectiveness of 
the beta blocking therapy, whereas noninvasive inves
tigations and electro physiologic study were not. This 
study showed favorable effects of beta blockers, but 
has the obvious limitations of lack of randomization 
and of selection bias. 

In an observational and noncontrolled study, Hall
strom et al. (14) evaluated the efficacy of empirical ad
ministration of beta blockers and class I antiarrhyth
mic drugs in 941 consecutive patients who had been re
suscitated from an out-of-hospital cardiac arrest be
tween 1970 and 1985. Beta blockers were administered 
in 28% of the cases, quinidine in 18.7%, and pro
cain amide in 17.5%. No antiarrhythmic therapy was 
administered in 39.4% of the patients. During an aver
age 9-year follow-up, the use of beta blockers has been 
associated with a better survival, whereas the use of 
quinidine and of procainamide has been associated 
with a worse prognosis (survival after 2 years, 75%, 
55%, and 30%, respectively, p < 0.0001). The differ
ence between groups was not significant after adjust
ment for baseline risk factors (p = 0.08). The authors 
concluded that the use of beta blockers should be con
sidered in survivors of out-of-hospital VF, in spite of 
the limitations of a retrospective analysis. 

The efficacy of empirical metoprolol treatment in 
patients with malignant ventricular arrhythmias was 
compared with conventional antiarrhythmic therapy 
guided by electrophysiologic testing in a prospective, 
randomized trial (15). This series included 85 patients 
with VT, 41 with cardiac arrest due to documented VF, 
and 36 with syncope and ventricular arrhythmias. A to
tal of 55 patients whose arrhythmia was not initially in
ducible (mean ejection fraction, 53%) were empirically 
treated with metoprolol. Patients whose arrhythmia 
was inducible were randomized to guided treatment 
(61 patients; mean ejection fraction, 42 %) or to meto
prolol (54 patients; mean ejection fraction, 43%). Seri
al testing was performed at random with propafenone, 
flecainide, disopyramide, sotalol, and amiodarone. 
During a mean follow-up period of 23 months, the in
cidence of sudden death and arrhythmia recurrence 
was the same in the two randomized groups (guided 
therapy, 46%, metoprolol therapy, 48%). In patients 
treated with metoprolol, baseline noninducibility iden
tifies a group with an incidence of fatal and nonfatal 
arrhythmia recurrence lower than that of inducible pa
tients (29% versus 52%, respectively, p = 0.009). In 
conclusion, the empirical use of metoprolol was associ
ated with a favorable prognosis in patients at low risk 
(baseline noninducibility, preserved left ventricular 
function) and a rather high rate of arrhythmia recur
rence in inducible patients. Moreover, the recurrence 
rate was similar to that observed in patients who re
ceived electro pharmacologically guided treatment. 

Additional information on the use of beta blockers 
in malignant ventricular arrhythmias will be obtained 
from the CASH trial (Cardiac Arrest Study Ham
burg), involving 400 patients who survived cardiac ar-
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rest and who were randomized to treatment with 
metoprolol, amiodarone, propafenone, or implantable 
cardioverter defibrillators (ICD). Preliminary results 
of this study (16) have shown no significant differences 
in the incidence of sudden death and total mortality 
between patients treated with metoprolol and amio
darone and patients treated with the ICD. A signifi
cantly higher incidence of events was observed in pa
tients treated with propafenone, which led to an early 
interruption of this treatment. 

Several studies reported a high efficacy of the as
sociation of beta blockers with antiarrhythmics in pa
tients with recurrent episodes of VT and impaired left 
ventricular function (17-19). Recently, Leclercq et al. 
(20) retrospectively evaluated the role of nonrandom
ized association of nadolol or acebutolol to conven
tional antiarrhythmic therapy in 240 patients with is
chemic heart disease or dilated cardiomyopathy. Mul
tivariate analysis showed that low ejection fraction, ad
vanced age, and absence of beta blocker therapy were 
independent predictors of cardiac and sudden deaths. 
The 5-year cardiac mortality was 48% in patients with
out beta blockers versus 20% in those receiving this 
treatment. 

In conclusion, beta blockers should be considered 
as a first-line therapy for patients with idiopathic VT, 
especially if induced by physical activity or a hypera
drenergic state. These indications can be extended to 
patients with underlying heart disease and preserved 
or slightly depressed left ventricular function, especial
ly in the absence of baseline inducibility. In patients 
with a more compromised ventricular function, empiri
cal therapy with beta blockers is associated with a sig
nificant incidence of sudden death and arrhythmic re
currences (15). Retrospective studies showed more fa
vorable results when beta blockers were combined 
with other antiarrhythmic drugs, mainly amiodarone 
(20). Electrophysiologic studies appear to be of limited 
clinical value for evaluating the efficacy of beta block
ers. Finally, in survivors of cardiac arrest beta blockers 
appeared to be more effective than class I drugs. On
going studies are comparing these drugs with amio
darone and ICD (16). 

Sotalol 

Sotalol is an antagonist of ~-adrenergic receptors de
void of membrane-stabilizing effects, local anesthetic 
activities, intrinsic sympathomimetic actions, or car
dioselectivity (21). In addition to its beta blocking ef
fect (class II), sotalol increases the action potential du
ration and prolongs the repolarization phase both in 
the atrium and in the ventricle, properties belonging to 
class III agents. Due to its pharmacologic actions, this 
drug has been widely used in the recent years. 

Several studies reported the use of sotalol in pa
tients with sustained VT or VF (Table 1). Most pa
tients were refractory to class I drugs and were treated 
with sotalol on the basis of electrophysiologic testing. 
In these nonrandomized trials (22-34), noninducibility 
after sotalol was found in 20%-89% of the patients. 
This wide range can be explained by many factors such 
as patient selection, different daily dosage, nons tan-



Table 1. Studies including patients with ventricular tachycardia or ventricular fibrillation treated with sotalol 

Reference Patients Daily Noinducibility 
dose (mg) after 

sotalol 
(n) (n) (%) 

(22) 18 320-480 12 67 
(23) 37 160-480 15 42 
(24) 39 160-480 17 45 
(25) 9 480-900 8 89 
(26) 16 320-960 7 50 
(27) 50 10 22 
(28) 65 80-480 8 20 
(29) 26 160-320 13 62 
(30) 42 160-320 10 24 
(31 ) 64 480-720 59 92 
(32) 68 320 34 50 
(33) 22 160-560 10 45 
(34) 28 320-640 15 53 

dardized stimulation protocols, and variable defini
tions of success or failure. During the follow-up period 
noninducible patients showed a very low death rate 
and a favorable reduction in arrhythmia recurrence 
(Table 1). However, patients at high risk due to persis
tent inducibility were excluded in most trials from the 
long term administration of sotalol. Similar results 
were obtained from a single centre in a nonrandom
ized prospective study of 171 patients with VT or VF 
(35). At a mean daily dosage ranging from 240 to 640 
mg, the incidence of sudden death and VT recurrence 
was 4% in responders (52% of the patients), but 44% 
in patients whose arrhythmia was still inducible after 
sotalol (48%). Significant side effects were noted in 
5% of the patients. 

In a recent study, Young et al. (34) evaluated the 
efficacy of sotalol by programmed electrical stimula
tion in sustained VT or VF secondary to coronary 
heart disease. Sotalol revealed greater success in sup
pressing sustained arrhythmias in patients with VF 
(eight of nine, 89%) than in those with VT (seven of 
19, 37%, p < 0.01). Patients without a history of my
ocardial infarction showed a high rate of suppression 
compared with patients with previous infarction (88% 
versus 40%, p<0.05). The baseline VT cycle length of 
the suppressed group was also significantly shorter 
than that of the nonsuppressed group (218 ms versus 
270 ms, p < 0.05). Patients with fast VT or VF have a 
shorter reentry circuit and a shorter excitable gap; in 
these patients sotalol may have more effectively de
creased the excitable window by prolonging refractori
ness. 

Sotalol was compared with amiodarone in an 
open-label, randomized multicenter study which in
cluded 59 patients with sust(J.ined VT or VF refractory 
or intolerant to class I drugs (36). Patients received ei
ther a maintenance dose of amiodarone of 400 mg/day 
or increasing doses of sotalol up to 640 mg/day. Over a 
12-month period, therapy was discontinued in half of 
the patients in each group due to arrhythmia recur
rence, adverse drug reactions, or protocol violation. By 
intention to treat analysis, there was no significant dif
ference in either antiarrhythmic efficacy or the inci
dence of severe side effects. An increase in the left 
ventricular ejection fraction was also observed during 
the follow-up period in the group of patients treated 

Average Patients under Arrhythmia Deaths 
follow-up long-term recurrence 
(months) sotalol alone 

16 
9 
13 
23 
19 
20 
\0 
13 
8 
20 
41 
23 
10 

25 

(n) (%) (n) (%) (n) (%) 

9 50 1 11 0 0 
16 43 0 0 
22 56 6 27 0 0 
8 88 2 25 1 12 
14 88 3 21 1 7 
24 88 4 17 2 8 
22 34 1 5 1 5 
15 58 2 13 0 0 
12 29 2 17 0 0 
53 82 5 12 0 0 
68 100 10 15 1 1 
8 36 0 0 0 0 
15 53 0 0 0 0 

with sotalol: 37.9% versus a mean baseline value of 
32.8%. Based on these data, sotalol appears to be an 
attractive alternative to amiodarone in patients with 
VT or VF who can tolerate p-adrenergic blockade. 
However, the impact of this study is limited by the the 
small number of patients and the brief follow-up peri
od. 

The ESVEM trial (37) compared the effectiveness 
of sotalol with that of imipramine, mexiletine, pir
menol, procainamide, and quinidine in patients with 
sustained VT or VF. This study was initiated in 1985, 
more than 2000 patients were screened, and ultimately 
only 486 patients enrolled. They received long-term 
treatment with the first antiarrhythmic drug that was 
predicted to be effective on the basis of the drug test
ing assigned (electrophysiologic study or electrocardio
graphic monitoring). Patients with a very low ejection 
fraction, congestive heart failure, and hypotension 
were not considered eligible to receive sotalol. In the 
electrophysiologic study group, the percentage of pa
tients with drug efficacy was higher after sotalol than 
after therapy with antiarrhythmics of class I (35% ver
sus 16%, p < 0.001), while there was no significant dif
ference among the seven drugs in the Holter monitor
ing group. During a mean follow-up period of 6.2 
years, the probability of arrhythmia recurrence after a 
prediction of drug efficacy by either drug testing was 
lower with sotalol than with other drugs (risk ratio 
0.43; p < 0.001). The risk of death from any cause (risk 
ratio, 0.50; p = 0.004), of death from cardiac causes 
(0.50, p = 0.02), and of arrhythmic death (risk ratio, 
0.50; p < 0.04) were also lower on sotalol than on other 
drugs. More specifically, in patients on sotalol, the l
and 3-year actuarial incidence of arrhythmia recur
rence, cardiac death, and arrhythmic death were 20% 
and 25%, 7% and 18%, and 6% and 15%, respectively. 
After 1 year sotalol is predicted to show complete effi
cacy in 33% of patients in the Holter group, but only 
in 23 % in the electropharmacologic arm. The rate of 
adverse effects among patients receiving sotalol was 
16% during titration and 7% during the follow-up pe
riod. These values were significantly better than in pa
tients treated with class I drugs (p < 0.001). Torsades 
de pointes were recorded in 1.7% of patients treated 
with sotalol during titration and in 3.5% during long
term therapy, but no patients died as a consequence of 



this proarrhythmia. Although sotalol gave more favor
able results, several limitations were observed in the 
ESVEM trial that reduce its clinical impact (38): (a) 
the entry requirement of the study restricted the con
clusions to a specific group of patients with VT or VF; 
(b) the stimulation protocol used during drug evalua
tion was limited to the same protocol that induced the 
baseline arrhythmias, possibly resulting in a greater 
number of subsequent drug failures; (c) the exercise 
test was included in the drug-assesment only in the 
Holter monitoring arm, favoring a greater prediction 
of drug efficacy by this method; (d) the definition of 
arrhythmia recurrence was very wide, including non
sustained VT and syncope of unknown origin; (e) 
amiodarone was not used, most likely because its long 
half-time would have prevented other drugs from be
ing tested and because of its frequent inability to 
demonstrate suppression of VT/VF induction. 

In a double-blind parallel design multicenter 
study, the electrophysiologic and antiarrhythmic ef
fects of intravenous and oral sotalol and procainamide 
were compared in 110 patients with a history of sus
tained and inducible VT (39). Sotalol produced a 
greater effect on lenghtening the ventricular effective 
refractory period and prevented the inducibility of VT 
in 30% of patients compared to 20% for procainamide 
(p = not significant, NS). Patients with a baseline VT 
cycle of less than 270 ms were more likely to effective
ly respond to sotalol than the other patients. A ventric
ular refractory period of more than 300 ms after so
talol was also determinant for the prevention of VT in
ducibility. After a 12-month period of follow-up, life
table analysis showed a trend in favor of sotalol. Ac
cording to ESVEM results, this study confirmed that 
sotalol is more effective than class I agents in prevent
ing VT and VF when beta blockade is not contraindi
cated. 

Some conflicting data about the prognostic value 
of programmed ventricular stimulation in patients 
treated with sotalol were obtained in two recent stud
ies. In the trial by Haverkamp et al. (40), including 210 
patients treated with a mean daily dose of 435 mg, per
sistent inducibility of VT predicted VT recurrence, but 
not sudden death. In contrast, in the series investigated 
by Kuhlkamp et al. (41), 37 responders to sotalol 
(mean daily dose of 330 mg) had a VTIVF recurrence 
rate similar to 23 nonresponders treated with ICD who 
continued to receive sotalol (16% versus 22%, mean 
follow-up 16 months). 

Sotalol was also effective at a daily dose of 320 -
640 mg/day in a group of patients with arrhythmogenic 
right ventricular disease (42). The overall efficacy in 
terms of arrhythmia prevention was 68.4% in patients 
with baseline inducible VT and 82.8% in patients eval
uated by Holter monitoring and exercise testing for 
baseline noninducibility. Side effects severe enough to 
discontinue therapy were rare (5%) and occurred 
mainly within the first few days of treatment. 

To evaluate whether the benefical effects of so
talol are due to a beta-blocking action, to a class III 
antiarrhythmic activity, or to a combination of both, 
Antz et al. (43) prospectively compared the use of 
metoprolol and sotalol in 34 patients with sustained 
VT, mainly associated with coronary heart disease. 
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Compared with metoprolol, sotalol significantly re
duced the inducibility of sustained VT by ventricular 
stimulation (56% versus 14%). During an average 2-
year follow-up the incidence of arrhythmia recurrence 
was not significantly different in the two groups (6% 
with metoprolol versus 27% with sotalol, p=NS), 
whereas the appearance of side effects was higher in 
the metoprolol group than in the sotalol group (31 % 
versus 11 %). Persistent inducibility of sustained VT 
did not predict arrhythmia recurrence in either group. 
The conclusion of this pilot study is that pure beta 
blocker metoprolol is as efficacious as sotalol in the 
treatment of patients with sustained VT. Moreover, 
these data emphasize the beta-blocking properties of 
sotalol, which can reduce the possible pro arrhythmic 
effects of class III activity. 

The safety of sotalol was evaluated in 3257 pa
tients treated for cardiac arrhythmias in clinical trials 
that supported the drug approval in the United States 
(44). The overall incidence of adverse events was 73%, 
but therapy was discontinued in only 18% of patients. 
The main reasons for discontinuing the drug were fa
tigue (4%), dyspnea (3%), and bradycardia (3%). No 
evidence of extracardiac organ toxicity was found. 
New appearance or worsening of heart failure oc
curred in 4.6% of patients with VT or VF, but treat
ment was continued in more than half of the patients. 
There was no change in the ejection fraction even in 
patients with baseline values of < 40%. The negative 
inotropic effect of beta blockade may be attenuated by 
the positive effect of prolonged repolarization on con
tractility. The overall rate of pro arrhythmia in patients 
with sustained VT or VF was 6.5%, and the rate of tor
sades de pointes was 4.1 %. This arrhythmia occurred 
early during treatment and more frequently in patients 
with congestive heart failure and a low ejection frac
tion. Its occurrence was also related to a daily dose 
greater than 320 mg. With the exception of torsades de 
pointes, the adverse effects of sotalol are consistent 
with the beta-blocking action. 

Amiodarone 

Important data on amiodarone in the treatment of pa
tients with ventricular tachyarrhythmias refractory to 
class I drugs come from studies done in the 1970s and 
in the 1980s (45-54). From these noncontrolled and 
nonrandomized studies the following conclusions can 
be drawn: 
• When amiodarone was empirically administered, a 
cardiac death rate of 25%-30%, a sudden death rate of 
8%-10% and an incidence of nonfatal arrhythmic re
currence of 15%-20%could be expected after 1 year. 
• When amiodarone treatment was based on electro
physiologic studies, there was a further reduction of 
the incidence of sudden death and arrhythmic recur
rence rates after 1 year: 2.5% and 2.0% in responders 
(20-30% of the cases) versus 11 % and 27% in nonre
sponders, respectively. A feature peculiar to amio
darone is the high percentage of patients who re
mained asymptomatic in spite of persistent inducibili
ty. Moreover, induction of slower and well-tolerated 
VT during amiodarone treatment in comparison to 



baseline study identifies a group of patients with an in
termediate risk of arrhythmia recurrence, but with low 
mortality (48). The induction of fast VT or VF on 
amiodarone seems to be related to a high incidence of 
sudden death. 
• When amiodarone therapy was based on Holter 
monitoring, the suppression of ventricular premature 
complexes (VPC) was 70%-80% in 90% of patients 
and close to 100% in the case of nonsustained VT. In 
the majority of studies (55-57), the incidence of nonfa
tal arrhythmic recurrences after 1 year was about 20% 
in responders and 48% in nonresponders. In other 
studies (58, 59), a significant reduction in ventricular 
ectopic activity by amiodarone was of limited prognos
tic value in patients with inducible VT. 
• During a follow-up period of 8-24 months, the over
all rate of side effects was between 30% and 93%. A 
total of 9%-26% of patients were withdrawn from 
amiodarone treatment. Drug-related adverse events 
were associated with both dosage and length of the 
treatment. 

Additional information on the effectiveness and 
tolerability of amiodarone therapy in patients refracto
ry to class I agents comes from two large retrospective 
trials (60-61). 

Herre et al. (60) followed 427 patients affected by 
different underlying heart disease (coronary heart dis
ease in 77% of cases), who were empirically treated 
with amiodarone after an average of 2.6 class I antiar
rhythmic drugs proved to be ineffective. The mean left 
ventricular ejection fraction was 36%. The sudden car
diac death rate after 1, 3, and 5 years of follow-up was 
9%, 15%, and 21 %, respectively, while the total death 
rate was 24%, 43% and 62% (Tables 2, 3). By multi
variate analysis, survival time to sudden death was sig
nificantly decreased in elderly patients, in patients with 
an ejection fraction of less than 40% and with a history 
of cardiac arrest. Withdrawal from therapy due to side 
effects was necessary in 14%,26%, and 37% after 1,3, 
and 5 years, respectively. More specifically, the drug 
was discontinued due to lung toxicity in 11 % of the pa
tients, to neurologic toxicity in 5%, to gastrointestinal 
and hepatic toxicity in 2.6%, to ocular toxicity in 2.5%, 
and to hypothyroidism and hyperthyroidism in 0.5%. 
These data are in agreement with the results obtained 
by Weinberg et al. (61), who evaluated 469 patients 
with ventricular tachyarrhythmia during an average fol
low-up of almost 3 years. In 36% of the cases, amio
darone was initially combined with other antiarrhyth
mic drugs. The sudden death rate at 1 year was 9% and 
increased thereafter by 3% every year. The combined 
incidence of sudden death and sustained VT or VF re
currence was 19% at 1 year and 38% at 5 years (Table 
2, 3). An insufficient dosage of amiodarone did not 
seem to justify such events. By years 2 and 5, the total 
death rate was 13% and 46% and the incidence of side 
effects necessitating discontinuation of amiodarone was 
10% and 18%, respectively. Pulmonary toxicity was ob
served in 3.5% of patients at 1 year and in 9.1 % at 5 
years. A higher functional class appeared to be the best 
predictor of sudden death and treatment failure. 

We evaluated the benefits of amiodarone as a 
first-choice antiarrhythmic drug in a nonrandomized 
study which included 128 consecutive patients with 
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Table 2. Clinical results of empirical amiodarone treatment: sudden 
death (SD), and nonfatal arrhythmia recurrences (AR) rates ('Yo) 

Reference Patients 1-year 3-year 5-year 
(n) SD AR SD AR SD AR 

(60) 427 9 19 15 33 21 43 
(61) 469 9 19 16 30 22 38 
(62) 128 9 5 16 15 20 25 
(54) 52 9 15 22 24 22 43 

Table 3. Clinical results of empirical amiodarone treatment: cardiac 
(CM) and total mortality (TM) rates ('Yo) 

Reference Patients 1-year 3-year 5-year 
(n) CM TM CM TM CM TM 

(60) 427 0 24 0 43 0 62 
(61) 469 11 13 26 33 37 46 
(62) 128 18 21 28 34 37 42 
(54) 52 11 0 31 0 31 0 

sustained VT or VF (62). The average age was 62 
years, and the mean ejection fraction 36%. A total of 
81 % of patients had coronary artery disease. After 1, 3 
and 5 years, the sudden death rate was 9%, 16% and 
20%, the total cardiac death rate was 18%, 28% and 
37%, and the nonfatal VT recurrence rate was 5%, 
15%, and 25% respectively. These results are similar 
to those observed in studies in which amiodarone was 
considered to be a second- or third-choice drug (Ta
bles 2, 3). Side effects occurred in 22.6% of patients 
and 8.6% of patients were withdrawn from therapy. 
Functional class III or IV and an ejection fraction of 
less than 35% proved to be risk factors for sudden and 
total cardiac deaths, whereas a history of cardiac arrest 
appeared to be predictive only of cardiac death. The 
conclusions of these retrospective and nonrandomized 
studies (60-62) are that amiodarone can be used safely 
and successfully after 5 years in approximately half of 
the patients with VT or VF and that the incidence of 
sudden death is relatively low after the first year (3% 
per year). Finally, few clinical and laboratory parame
ters can identify patients at high risk. 

The superiority of amiodarone treatment in com
parison to class I agents was demonstrated by CAS
CADE (Cardiac Arrest in Seattle: Conventional ver
sus Amiodarone drug evaluation), a prospective study 
which included 228 survivors of cardiac arrest: 113 
were randomized to empirical administration of amio
darone, and 115 to an electro physiologically guided 
conventional treatment (quinidine and procainamide 
in most cases) (63,64). The two groups did not differ 
in their basic clinical and laboratory characteristics or 
in the percentage of the patients simultaneously treat
ed with ICD (46% and 47%, respectively). By years 2, 
4, and 6, survival was significantly higher for patients 
on amiodarone treatment than for those receiving 
conventional treatment: 82%, 66%, and 53% versus 
69%,52%, and 40%, respectively (p = 0.07). Consid
ering only the patients with lCD, 2-year survival free 
of all shocks and of syncopal shocks was also lower for 
amiodarone therapy: 77% versus 42% (p = 0.014), and 
98% versus 81 % (p = 0.01). Drug-related adverse 
events did not differ between the two groups at 6 
months, although after 1 year more patients random-



ized to amiodarone had to discontinue their therapy. 
In a retrospective case control investigation, New

mann et al. (65) compared the empirical use of amio
darone (120 patients) and ICD (60 patients). There 
was no difference between the groups in terms of age, 
ejection fraction, underlying heart disease, arrhythmia 
at presentation, and follow-up length. During a mean 
follow-up of 18 and 23 months, sudden death rate was 
lower in ICD recipients than in controls (5% versus 
10%, p < 0.01). Actuarial survival after 1 and 3 years 
was also better in patients treated with ICD than with 
amiodarone (89% and 65% versus 72% and 49%, re
spectively p < 0.05), but after the fourth year the sur
vival curves of the two groups overlapped. However, 
in patients treated with lCD, nonsudden cardiac death 
was less frequent (17% versus 39%), possibly because 
ICD patients were less sick. Therefore, clinical differ
ences between groups may at least in part explain the 
favorable results observed in ICD group. Finally, an
other important confounding factor is the high per
centage of ICD recipients maintained on amiodarone. 

Three large trials are now in progress in order to 
evaluate prospectively the effectiveness of amiodarone 
treatment in comparison to sotalol, beta blockers, and 
ICD: the Cardiac Arrest Study of Hamburg (CASH) 
(16), the Canadian Implantable Defibrillator Study 
(crDS) (66), and the Antiarrhythmics Versus Im
plantable Defibrillators investigation (AVID) (67). 
About 2000 patients will be enrolled in these three tri
als and preliminary data are now available. The CASH 
study (16) randomized the patients in four groups of 
nonguided treatment: propafenone, metoprolol, amio
darone, and ICD. The propafenone arm was stopped 
due to high mortality, but there were no significant dif
ferences in total mortality among the other groups. 
CIDS randomized patients between amiodarone and 
ICD and has extended the completion date to 1 Janu
ary, 1997 (66). A preliminary report shows that addi
tion of amiodarone to ICD occurred in 18% of cases, 
while crossover from amiodarone to ICD is to date on
ly 9% (68). The AVID study randomized more than 
350 patients to empirical treatment with amiodarone 
or lCD, while only a small number of cases received 
electrophysiologically guided therapy with sotalol (67). 
To date, the number of crossover between the two 
main treatments have been equal. With regard to total 
mortality reduction, preliminary data from these three 
prospective trials seem to confirm that amiodarone 
and ICD are equally effective. 

Conclusions 

Beta blockers. These should be considered the drugs of 
choice in patients with idiopathic VT. Their usefulness 
in patients with aborted sudden death or with sus
tained VT and relevant underlying heart disease is still 
debatable. Prospective trials on patients with a back up 
ICD may shed some light on the appropriateness of 
this treatment. Guided therapy with beta blockers 
seems to be of limited value, while an empirical admin
istration may be an acceptable approach. Finally, these 
drugs are very useful in combination with other antiar
rhythmic agents, especially with amiodarone. 
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SOlalo!. This drug yields favorable short- and long
term results when therapy is guided by Holter moni
toring or programmed ventricular stimulation. Ran
domized studies showed that guided treatment with so
talol is more effective than with class I agents. Howev
er, responders account for less than 50% of tested cas
es. The effectiveness of sotalol is explained by a com
bination of beta-blocking activity and of class III prop
erties. There is also a low rate of long-term side effects 
but in patients with sustained VT or VF the treatment 
should be started under monitoring due to the possibil
ity of early pro arrhythmia, mainly torsades de pointes. 
There are no conclusive data on comparative effects of 
sotalol, amiodarone, and ICD. 

Amiodarone. This drug has proven effective both in 
patients with VT or VF refractory to conventional 
treatment and when compared with other antiarrhyth
mic agents. The outcome is less favorable in high-risk 
patients, such as those with a history of cardiac arrest, 
a very low ejection fraction, and persistent inducibility 
of ill-tolerated sustained ventricular arrhythmias. Ran
domized prospective trials are needed to assess the 
role of amiodarone compared to ICD in this high-risk 
popUlation. Available evidence indicates that the over
all long-term prognosis is no different between pa
tients treated with amiodarone and those treated with 
ICD. However, lCD-treated patients seem to have a 
lower sudden death rate in the first few years of fol
low-up, but many patients continue to take amio
darone as well. Finally, the high incidence of side ef
fects mandates close monitoring and careful tailoring 
of treatment. 
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In the early 1960s, at the time Coronary Care Units 
(CCUs) were conceived and being set up as a way to 
reduce arrhythmia mortality by detecting, treating, and 
preventing ventricular arrhythmias, there were very 
few antiarrhythmic drugs available to the clinician -
quinidine, procainamide, and lidocaine (1), Disopyra
mide was being developed and had not attained estab
lished usage. Digoxin was regarded as being an antiar
rhythmic compound but its use in controlling ventricu
lar tachyarrhythmias was never established. Thus, the 
field of antiarrhythmic drugs was dominated by drugs 
that acted fundamentally by delaying conduction via 
inhibition of sodium-channel activity. This was consid
ered as having several major consequences. First, the 
delay in conduction and often complete block in cer
tain tissues was thought to convert unidirectional to 
bidirectional block, thereby terminating and prevent
ing reentrant tachycardia. Second, the block in conduc
tion might be expected to markedly suppress prema
ture ventricular contractions (PVCs) by preventing 
their propagation. It was consistent with the observa
tion that the greater the propensity of a compound 
(e.g., class I agent) to block conduction, the higher its 
suppressant effect on PVCs. Third, it was realized that 
the refractory period of the ventricular myocardium 
may be prolonged by the blocking of sodium-channel 
activity by delaying its reactivation. Thus, the change 
in refractory period was time dependent when affected 
by drugs that selectively blocked sodium channels. It 
so happened that in the case of quinidine, the arche
type of antiarrhythmic drugs, as well as in the case of 
procainamide and disopyramide, there was the addi
tional property of lengthening repolarization, which in 
itself could prolong the refractory period and they con
stitute a discrete antifibrillatory mechanism. On the 
other hand, there has always been the theoretical pos
sibility that excessive delay in conduction induced by 
sodium-channel blockers may create the substrate for 
reentrant ventricular tachycardia/ventricular fibrilla
tion (VTNF) as a pro arrhythmic reaction (2, 3). 

Later in the 1960s and during the decades that fol
lowed newer antiarrhythmic drugs with selective elec
tropharmacological properties were synthesized (4-6). 
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The first were beta-blockers which neither slowed 
sodium-channel mediated conduction nor did they, as 
a class, prolong refractoriness in the ventricular my
ocardium to a significant degree. Yet, in numerous 
controlled clinical trials and in other less systematic 
obsevations, they have been shown to reduce sudden 
death (attributed to VTNF), cardiac mortality and to
tal mortality, in survivors of myocardial infarction 
(MI). They have been found to prolong survival in pa
tients resuscitated from cardiac arrests (7) and in those 
with the long QT interval syndrome of the congenital 
type. All these beneficial effects are undoubtedly a 
class action (5). Clearly, these drugs work in reducing 
total mortality, possibly by preventing VF. Then fol
lowed the synthesis and characterization of class I 
agents which did not exhibit additional properties on 
repolarization nor on refractoriness - lidocaine con
geners such as mexiletine and tocainide and aprindine 
or the so-called class Ic agents such as flecainide, en
cainide, and propafenone, among others. All such 
agents blocked sodium-channel activity to varying de
grees and had somewhat different offset and onset ki
netics of sodium-channel block. In general these are 
powerful suppressants of PVCs but given the context 
of serious cardiac disease, they all may increase mor
tality, presumably by inducing serious life-threatening 
ventricular arrhythmias (3, 6, 7). They may increase 
sudden. death and may produce incessant VT/VF 
which may be difficult to cardiovert or defibrillate. As 
a class these agents have not been shown to reduce 
mortality in any subset of patients with cardiac disease. 
Therefore, as far as mortality is concerned, it is clear 
that they do not work or work adversely. 

A major recent focus has been on drugs that have 
appeared to work by prolonging cardiac repolarization 
(5, 6, 8). The prototypes have been sotalol and amio
darone; these are not new drugs, both having been syn
thesized about 1962, the first as a beta blocker and the 
second as a coronary vasodilator. The perceived effec
tiveness of these compounds to suppress ventricular 
tachyarrhythmias, their superiority in preventing re
currences of VT/VF in patients with symptomatic sus
tained VT/VF and in survivors of cardiac arrest (5, 6, 



8) had led to the development of so-called pure class 
III agents. This has stemmed from the belief that the 
dominant action of these two compounds results from 
the lengthening of the action potential duration and 
refractoriness. They were developed in the belief that 
such newer compounds synthesized on the basis of se
lective targeting against myocardial membrane cur
rents may be preferable antifibrillatory agents in terms 
of side effect profile while retaining much of the effec
tiveness of the complex prototypical molecules such as 
sotalol and amiodarone. 

Against this background, a number of questions 
have arisen. Clearly, the most significant and certainly 
the most practical is the issue of whether the newer 
agents work, i.e., are they effective in relieving symp
toms and/or prolonging survival? Both goals of thera
py need to be addressed in stringently controlled clini
cal trials and not merely by the use of surrogate end 
points which have been used a great deal in the past to 
infer impact on mortality. In the case of asymptomatic 
ventricular arrhythmias, clearly the only goal of thera
py is reduction in total mortality and the prolongation 
of survival. In considering old versus newer antiar
rhythmic drugs with respect to the issue of whether 
they work, the separation boundary has become in
creasingly blurred as some of the beneficial actions of 
the older compounds on mortality have been found to 
be unrelated to arrhythmia suppression. Thus, one 
may logically suppress arrhythmias for relief of symp
toms but such an approach may have little or no validi
ty for the prolongation of survival. The salient aspects 
of these considerations form the basis of this paper, in 
which conclusions will be drawn on the strength of the 
newer data which bear on the often-asked question of 
whether antiarrhythmic drugs work in ventricular ar
rhythmias. 

Sodium-Channel Blockers: Do They Work in 
Ventricnlar Arrhythmias? 

There is now a substantive body of data which suggest 
that class I agents, as a class, do not prolong survival in 
patients with life-threatening ventricular arrhythmias 
and in patients with serious heart disease they are like
ly to increase mortality (3, 5-7). The "newer" agents 
(e.g., flecainide, encainide, propafeone), which tend to 
delay conduction and have relatively little effect on re
fractoriness, are powerful for suppressing sponta
neously occurring ventricular arrhythmias documented 
on Holter recordings. The PVC suppressant effect ap
pears to parallel increases in their ability to inhibit 
sodium-channel activity with a corresponding decrease 
in conduction velocity (9). The results of the Cardiac 
Arrhythmia Suppression Trials (CAST I & II) (10, 11) 
revealed an unexpected dichotomy between mortality 
and arrhythmia suppression, i.e., marked and pre
dictable suppression of PVCs in the survivors of MI 
was accompained by an increase in total and arrhyth
mia mortality. The data cast a serious doubt on PVC 
suppression as a valid or tenable surrogate end point 
for mortality. The dichotomy between the effect on 
mortality and arrhythmia suppression was entirely un
expected. In the event, the phenomenon has come to 
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be of much relevance to the general field of arrhyth-
mia control. . 

The results of the meta-analysis of randomized 
controlled studies have lent further support to the no
tion that class I agents have the potential to increase 
mortality in post-MI survivors (3, 9). The clinical data 
are also in accord with the experimental findings. For 
example, in an ischemic sudden death model (12), fle
cainide, quinidine, or lidocaine either had no protec
tive effect or they facilitated the development of VF 
(12-15). In humans, these agents may stabilize the 
reentrant circuit, thereby facilitating the continued in
ducibility of VT by programmed electrical stimulation 
(16, 17). Thus, it appears that slowed conduction is 
conductive to the development of clinical VT (18). In 
humans, lidocaine and mexiletine (19, 20) may pro
duce an excess of mortality in infarct survivors possibly 
by their pro arrhythmic effects (3). Of note also are the 
findings of Rapaport and Remedios (21), who, in a 
post-MI patient follow-up study, found that mortality 
on antiarrhythmic agents (mostly procainamide and 
quinidine) was higher in the treated group than in pa
tients not taking antiarrhythmic agents. Again, these 
data are in line with the meta-analytic data from pa
tients with PVCs without recent MI in whom (22) 
quinidine produced a 2.5 - fold increase in mortality 
compared to placebo. Compared to beta-blockers or 
no treatment in survivors of cardiac arrest, class I 
agents have been found to be associated with a higher 
mortality rate (7). Higher mortality rate has also been 
found in patients given quinidine in atrial fibrillation 
when compared to placebo (23, 24). 

Thus, overall, given the appropriate clinical set
ting, slowing of myocardial conduction by class I 
agents may lead to significant pro arrhythmic effects 
which may have an adverse effect on mortality, espe
cially in patients with diseased myocardial substrate. 
The data are compelling against the routine use of 
class I antiarrhythmic agents in patients at risk for sud
den death. Their use in performing further randomized 
clinical trials to settle the issue more definitively is be
coming increasingly controversial. It is improbable that 
such trials will be done in the future. Most clinicians 
are now finding it increasingly difficult to justify the 
continued use of class I agents in the suppression of 
ventricular arrhythmias in most, if not all, subsets of 
patients with significant structural heart disease. 

It should also be emphasized that the largest num
ber of patients presenting with VT/VF have significant 
structural heart disease. The question has therefore 
arisen as to whether class I agents can confer mortality 
benefit to this category of patients. There are no ade
quately controlled studies that suggest that they do. It 
is an intriguing therapeutic dilemma that class I agents, 
including the relatively newer agents such as fle
cainide, propafenone, and moricizine, have continued 
to remain approved indications for the treatment of 
VTIVF based on the data on efficacy demonstrated by 
serial drug testing using the criteria of noninducibility 
on drugs during programmed electrical stimulation 
(PES). It should be emphasized that the approval of 
these agents in VT/VF in the USA stemmed from ob
servations of drug effects in responders versus nonre
sponders defined by PES and has not been validated 



against independent controls analogous to placebo. 
Thus, it is not clear whether these drugs are indeed su
perior to placebo and at least one of these compounds, 
propafenone, has been reported to produce a higher 
mortality than amiodarone, metroprol, or ICDs in pa
tients resuscitated from cardiac arrest (25). Paradoxi
cally, the newer class I agents such as flecainide and 
propafenone are no longer approved for the suppres
sion of symptomatic PVCs in patients without structur
al heart disease where these agents in a similar setting 
but having supraventricular tachyarrhythmias have not 
been shown to increase total mortality (4-6). It may be 
concluded that the development of newer class I 
agents for the control of ventricular arrhythmias in pa
tients with cardiac disease may be difficult to justify. 
While these agents clearly work in suppressing 
supraventricular tachyarrhythmias and maintain sinus 
rhythm in patients with atrial fibrillation and flutter, 
the use of these agents in patients with heart disease is 
likely to result in a net increase in mortality. 

Suppression of VTNF by Antiarrhythmic Drugs: Does 
It Result in Prolongation of Survival? 

Suppression of manifest arrhythmias has been the cor
nerstone of the approaches to the reduction in ar
rhythmia mortality for many years. Such a notion has 
never been well validated. Now it is being challenged 
in light of increasing data to the contrary from con
trolled clinical trials. These trials have produced little 
evidence that suppression by antiarrhythmic drugs of 
manifest VTIVF or that induced by programmed elec
trical stimulation is predictive of a successful clinical 
outcome in terms of a favorable impact on mortality. 
Nor has a defined degree of suppression of ambient 
arrhythmias provided an index to predict a favorable 
impact on mortality due to ventricular arrhythmias. As 
indicated above, the results of the Cardiac Arrhythmic 
Suppression Trials (CAST I and II) revealed a striking 
dichotomy between suppression or elimination of pre
mature ventricular contractions (PVCs) and mortality, 
i.e., increases in mortality despite marked suppression 
of PVCs (10, 11). If arrhythmia suppression and im
pact on mortality in the case of class I agents were dis
sociated in the case of one subset of patients at high 
risk of sudden death (e.g., postinfarct survivors), it is 
inherently improbable that such a relationship might 
be substantially different in another subset of patients 
if Holter-guided therapy were used as, for example in 
patients with VTIVF. The pro arrhythmic reactions of 
class I drugs (discussed above) is likely to be greater in 
patients with manifest VT/VF than in the survivors of 
acute infarction. The issue is now further clouded by 
the outcome of the Electrophysiologic Versus Electro
cardiographic Monitoring (ESVEM) trial (26, 27). 
There were several major findings. First, there was no 
significant difference between the two techniques in 
predicting the long-term outcome in terms of arrhyth
mia recurrence, sudden death, or total cardiovascular 
mortality. Second, comparisons of sotalol (the proto
type class III agent with beta-blocking property) and 
six class I agents, collectively or individually, with re
spect to arrhythmia recurrence, sudden death, cardio-
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vascular and total mortality, provided a significant dif
ference in favor of sotalol. The arrhythmia recurrence 
rate of 21 % on sotalol compared to 44% for class I 
agents (p < 0.0007) at 1 year is consistent with the no
tion that the effects of class I drugs on the suppression 
of inducible or spontaneous VTIVF are poorly predic
tive of the long-term outcome of drug treatment by 
the acute responses using so-called guided therapy. 
Furthermore, the fact that sotalol was not as effective 
as class I drugs (such as mexiletine) in suppressing 
nonsustained VT on Holter recordings but reduced 
mortality to a greater extent than did class I agents 
emphasizes again the dichotomy between arrhythmia 
suppression and total mortality. The fact that the tech
niques did not differ in predicting the outcome of drug 
therapy based on acute responses but the two classes 
of drugs did differ in this regard emphasizes drug-spe
cific rather than technique-specific responses as the 
crucial determinants of the outcomes of pharmacolog
ic therapy of VTIVF (2, 4-6). This is further supported 
by the results of the CASCADE Trial (28) in which 
survivors of cardiac arrest were randomized to Holter 
or PES-guided therapy involving class I agents versus 
amiodarone. Empirically given amiodarone was found 
to be superior to guided class I antiarrhythmic agents 
in terms of arrhythmia-free survival and cardiac and 
total mortality. Thus, sotalol was superior to class I 
agents in ESVEM and amiodarone superior to class I 
agents in CASCADE not because their effects could 
be predicted better with Holter monitoring or PES, 
but more likely that its electrophysiologic and phar
macodynamic effects "matched" better with the vul
nerable substrate, in contrast to the possibility of a 
"mismatch" in the case of class I agents as clearly ex
emplified in CAST. However, the fact that both so
talol and amiodarone have been found to be superior 
to class I agents in terms of arrhythmia-free survival 
and possibly total mortality, the proof that they may 
be superior to placebo in terms of absolute mortality, 
is still lacking. Based on data from other subsets of pa
tients, it is, however, likely that sotalol and amio
darone do in fact prolong survival by reducing ar
rhythmia mortality. It is becoming increasingly. clear 
that to be able to demonstrate a favorable impact on 
arrhythmia mortality, controlled trials will need to fo
cus on protocols in which the effects of drugs are com
pared to those of placebo in subsets of patients at high 
risk in whom no therapy has convincingly demonstrat
ed a benefit by arrhythmia suppression; patients with 
manifest VTIVF protected by an ICD in both treat
ment limbs may need to be randomized to active drug 
and placebo. That arrhythmia suppression per se is un
related to the issue of preventing symptoms, which 
clearly is an important therapeutic objective in many 
cases of ventricular arrhythmias, may have little or no 
role in the prolongation of survival by reducing total 
mortality in patients who already have manifest 
VTIVF or in those in whom there is a high probability 
of the arrhythmia developing. Recent data from heart 
failure studies, in particular the CHF STAT (29), has 
provided strong support for such an hypothesis. The 
data may indicate a general principle in antiarrhyth
mic therapy and be applicable to other subsets of pa
tients in whom the presence of high density PVCs and 



non sustained and sustained VT constitute important 
markers of increased mortality. 

Amiodarone, Sotalol, Beta-Bockers: Do They Reduce 
Mortality in Patients at High Risk for Sudden 
Arrhythmic Death? 

While the impact of amiodarone, sotalol, and beta
blockers in patients with manifest VTIVF and in sur
vivors of cardiac arrest cannot be interpreted in terms 
of changes in absolute mortality because of the lack of 
placebo controls, there have been clinical trials in 
which the effects of these drugs in the so-called high
risk patients prone to arrhythmic deaths have been 
compared to those of patients on placebo. As indicated 
the best data are for beta-blockers in the survivors of 
MI (3, 9). The effects of sotalol, a beta-blocker with 
the additional property of lengthening repolarization, 
have been less decisive and may have stemmed from 
flaws in study design. Nevertheless, the drug did re
duce reinfarction rate, as do most beta-blockers, and it 
did reduce total mortality by 18% (which did not reach 
statistical significance). The important issue here is 
that unlike class I agents, it did not increase mortality 
and mortality trends on the drug were in the direction 
of those seen with most beta-blockers. In the case of 
amiodarone, there have been a number of trials in the 
survivors of acute infarction, none reported that have 
been appropriately blinded. Most such trials (30) have 
indicated benefit in terms of total mortality as well as 
cardiac mortality. Two blinded studies (EMIAT and 
CAMIAT) (30) are ongoing. No such studies are on
going or planned with dl-sotalol. 

Perhaps the best model to test the hypothesis that 
antifibrillatory drugs have the potential to reduce ar
rhythmia mortality is the subset of cardiac patients 
with heart failure. It has long been recognized that pa
tients with congestive cardiac failure and asympto
matic ventricular arrhythmias are at a particular risk 
for fatal cardiovascular events (31-33). This risk is fur
ther augmented by the presence of complex ventricu
lar arrhythmias, and over 60% of patients with conges
tive heart failure have nonsustained ventricular tachy
cardia on Holter monitoring. The annual mortality is 
about 15% or higher, half the deaths being sudden and 
presumed to be arrhythmic in origin (31-33). No sup
pression trials testing the PVC hypothesis has been 
performed in heart failure. In light of the CAST trials, 
it is unlikely that conventional suppression trials are 
likely to be performed in patients with heart failure. 
However, controlled clinical trials in which drugs such 
as amiodarone, which are extremely potent in sup
pressing PVCs or nonsustained ventricular tachycardia 
(34), are of major interest. 

The hypothesis that amiodarone will reduce total 
mortality in patients with moderate to severe conges
tive heart failure with asymptomatic ventricular ar
rhythmias (29) was therefore tested in a study that uti
lized a double-blind placebo-controlled protocol in 
which 674 patients with congestive heart failure with> 
10 PVC's/h and left ventricular ejection fraction:::; 40% 
were radomized to placebo (n = 338) and to amio
darone (n = 336). This study (CHF STAT) was per-
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formed under the sponsorship of the Veterans Affairs 
Co-operative Studies Division, Washington DC, USA. 
The median follow up was 45 (0 to 54) months. There 
was no significant difference (p = 0.60) in all-cause 
mortality between placebo and amiodarone. Among 
the placebo group, the actuarial 2-year survival was 
70.8% (95% CI = 65.7 - 75.9); among the amiodarone 
patients the rate was 69.4% (95% CI = 64.2 - 74.6). 
There was also no significant difference between amio
darone and placebo on sudden death (p = 0.43), the 
corresponding 2-year survival figures being 81 % for 
placebo and 85% for amiodarone. There was a trend 
in favor of amiodarone for reducing total mortality in 
patients with nonischemic cardiomyopathy (p = 0.07) 
but not in those with ischemic cardiomyopathy. Lower 
ejection fraction and the presence of ventricular tachy
cardia runs identified subjects with a higher mortality 
on placebo. Amiodarone was highly effective in sup
pressing premature ventricular contractions (with ;:: 
80% suppression in 70% of patients) and in eliminat
ing runs of ventricular tachycardia (67% free of VT 
runs at 2 weeks compared to 23% at baseline). The to
tal mortality between the group in which the arrhyth
mias were suppressed versus those in which they were 
not was not significantly different. Amiodarone pro
duced a sustained increase (over 40%) in left ventricu
lar ejection fraction compared to baseline (p = 0.001) 
as well as to placebo (p = 0.0001); it reduced heart rate 
compared to baseline (p < 0.001) and to placebo (70 ± 
12 bpm versus 79 ± 13 bpm;p < 0.0001). 

In contrast, the study (35) from Argentina (Orupo 
de Estudio de la Sobrevida en la Inf?uficiencia Cardia
ca en Argentina or OESICA) in which 516 patients 
with New York Heart Association Class III and IV 
heart failure were randomized to amiodarone (300 
mg/day) and to standardized medical therapy revealed 
somewhat different findings. There was a 28% reduc
tion in all-cause mortality, from 41.4% to 33.5% (95% 
CI = 4-45%; p = 0.024). Sudden death and death due 
to progressive heart failure appeared to be reduced to 
a similar extent (27% and 23%, respectively, p = 0.16) 
but did not reach statistical significance. 

The reasons for the apparently marked difference 
between the mortality outcomes in CHF STAT and 
those in GESICA remain unclear. However, besides 
the blinded nature of CHF STAT, the most striking 
difference is the smaller proportion (39%) of the pa
tients in OESICA who had coronary artery disease 
compared to that (70%) in the CHF STAT. Of note, in 
CHF STAT there was a favorable trend in total mor
tality in patients who had cardiac failure of nonis
chemic origin (p = 0.07). Whether this is the sole ex
planation for the differences in mortality between the 
two studies is uncertain. In this regard, the CHF STAT 
data on amiodarone, a powerful anti adrenergic agent 
with long-lasting effects (36), are similar to those of 
chronic beta-blockade with bisopropol in cardiac fail
ure in 641 patients revealing no significant effect on to
tal mortality (37). However, as in our trial with amio
darone, in the patients without previous MI (n = 338), 
there were 42 deaths out of 187 patients on placebo 
compared to 18 deaths on bisoprolol (22.5% versus 
11.9% total mortality;p < 0.01). 

CHF STAT was not an arrhythmia suppression 



trial. Nevertheless, the powerful suppressant effect of 
amiodarone both on PVCs and on VT runs permitted 
an analysis of the relationship between suppression 
and mortality endpoints. Again, no difference in total 
mortality was found between the group in which ven
tricular arrhythmias were suppressed ["responders"] 
(i.e., 80% or greater suppression of PVCs and 100% 
suppression of VT runs) compared to those in which 
the arrhythmias were not suppressed ["nonrespon
ders"]. The dichotomy between arrhythmia suppres
sion and mortality (neutral in the case of amiodarone) 
casts further doubt on the validity of using Holter
guided therapy in predicting an effect on mortality in 
patients with reduced left ventricular ejection fraction 
and ventricular arrhythmias. 

Antiarrhythmics of the Future: Simple Versus 
Complex Molecules 

Considerable changes have occurred in the approaches 
to control VT and VF in the last 5 years. An important 
issue is the recognition that, as far as drug therapy is 
concerned, it is difficult to demonstrate that the time
honored antiarrhythmic agents have the potential to 
prolong survival by controlling VT/VF and, in fact, 
have the potential to increase mortality by their proar
rhythmic reactions. This has led to a shift to agents 
with somewhat different properties characterized by 
the prolongation of repolarization and refractoriness 
of cardiac muscle in association with sympathetic inhi
bition (3-6). Some tentative conclusions can be drawn 
from the current state of knowledge. The data suggest 
that both sotalol and amiodarone are superior to class 
I agents and the continued use of class I agents in the 
control of VTIVF in patients with structural heart dis
ease is questionable. If such a premise were to be ac
cepted, the role of beta-blockers as monotherapy in 
patients with VTIVF remains to be determined (38) 
but the available data emphasize the significance of 
blunting sympathetic stimulation as an integral compo
nent of most, if not all, antiarrhythmics for controlling 
VT/VF. The data also suggest that while amiodarone 
and sotalol along with beta-blockers may now be con
sidered as constituting the "best" medical therapy of 
VTIVF, they do fall considerably short of being the 
ideal agents. In the case of sotalol, the variable inci
dence of torsades de pointes and beta-blocker side ef
fects continue to pose concerns; amiodarone has nei
ther the beta-blocker side effects nor does it produce 
an appreciable incidence of torsades de pointes (39). 
The major deficiency of the drug is the complex array 
of side effects that develop during the course of thera
pyas a function of time especially in high doses. 

To circumvent the perceived shortcomings of so
talol and amiodarone, there has been an intensive ex
perimental and clinical research focus on simpler mol
ecules which have the propensity to lengthen repolar
ization without any other major electrophysiologic ef
fects. Such agents have been targeted against single or 
multiple repolarizing membrane currents (40). Most 
are specific blockers of the delayed rectifier potassium 
current, especially its rapid component (ih ), E4031, 
dofetilide, sematilide, MK499, and the dextro-isomer 

35 

of dl-sotalol (d-sotalol) being examples of the so-called 
"pure" class III agents. These agents selectively pro
long repolarization and cardiac refractoriness without 
affecting myocardial excitability. They elevate the VF 
threshold and reduce the ventricular defibrillation 
threshold. They exert a weakly suppressant effect on 
premature ventricular contractions but are relatively 
potent in preventing the inducibility of VT and VF in
duced by programmed electrical stimulation. They are 
thought to exert their antifibrillatory activity by slow
ing VT, thereby preventing VF. In contrast to sodium
channel blockers, as a class, potassium-channel block
ers do not exhibit negative inotropic actions but do 
produce a variable incidence of torsades de pointes. 

Clearly, in evaluating their effectiveness as antifib
rillatory agents, it is imperative to determine their net 
effect not only on sudden death but especially on total 
mortality, which cannot be inferred reliably from their 
influence on inducible VTIVF. At least in the case of 
one of the pure class III agents - d-sotalol - this has 
been determined in a double-blind, placebo-controlled 
study - Survival with Oral D-Sotalol (SWORD) in
volving high-risk patients after MI (41). This study was 
designed to enroll 6400 patients to test the hypothesis 
that d-sotalol would reduce total mortality in patients 
over 18 years of age with a left ventricular ejection 
fraction less than 40%; two subsets of patients were 
enrolled into the study. In the first were patients who 
had sustained MI within 42 days of the acute event and 
in the second subset were those who had incurred MI 
after 42 days at the time of entry into the study. The 
latter group were required to have had a documented 
history of cardiac failure (New York Heart Class II or 
III). Patients satisfying the entry criteria were random
ized to placebo or to d-sotalol 100 mg bid which was 
increased to 200 mg bid if tolerated. The trial was 
stopped prematurely (because the boundary for harm 
was crossed) when 3119 patients had been enrolled 
(mean follow-up about 156 days). It was noteworthy 
that 42 (2.7%) died in the placebo group and 71 
(4.6 %) died in the group given d-sotalol (p = 0.005). 
There were no significant differences between the two 
groups, being about 30%; 29.2% of the patients en
rolled into the study had recent MI and 70.8 % had re
mote infarcts. It was also of note that the trend for 
mortality for both groups was similar for the remote as 
well as those with recent infarcts, with an increasing di
vergence of the survival curves as a function of time. 

These data on the effects of d-sotalol are the first 
from the mortality trials in survivors of acute infarc
tion involving pure class III compounds. It clearly 
shows a deleterious effect akin to those of the class I 
agents flecainide and encainide; the adverse effect on 
mortality was interpreted as being due to proarrhyth
mic reaction. A similar conclusion in the case of d-so
talol in SWORD is inescapable. It leads to the ques
tion of whether it might be a common property of 
most, if not all, pure class III agents, a possibility that 
remains to be confirmed or denied on the basis of data 
from similar studies in post-MI patients. In this regard, 
the outcome of an ongoing trial involving dofetilide 
being carried out in Denmark will be of major impor
tance. For the present, it must be emphasized that the 
trial with dl-sotalol performed by Julian et al (42) was 



not adverse although there were some excess deaths 
on dl-sotalol compared to placebo during the early 
months of the study. At the end of the 12 months, so
talol had reduced total mortality by 18%, which did 
not, however, reach statistical significance. The fact 
that dl-sotalol, a potent beta-blocker (compared to d
sotalol), differs from the dextro-isomer in terms of the 
divergent effect on mortality emphasizes the impor
tance of beta-blocking or anti adrenergic effect of an
tiarrhythmic drugs in mediating a salutary effect in sur
vivors of acute MI. This has also been noted in the 
case of amiodarone which also is a potent sympathetic 
antagonist (30). Some tentative conclusions may be 
drawn from these observations. The outcome of the 
SWORD trial in which d-sotalol was used as a test 
agent against placebo, when considered in light of the 
beta-blocker data in the case of beta-blockers dl-so
talol and amiodarone suggest that attenuating sympa
thetic stimulation in survivors of acute infarction may 
be critical to arrhythmia mortality reduction. Further
more, in this context, as indicated elsewhere (43), it 
would seem that complex molecules such as sotalol 
and amiodarone which encompass sympathetic antago
nism as an integral component of their overall pharma
codynamic actions might be preferable to similar mole
cules developed to produce selective block of individ
ual myocardial channels, receptors, or pumps. For the 
purposes of mortality reduction by preventing VF, it 
appears desirable that all newer antiarrhythmic mole
cules should be potent adrenergic antagonists. Such 
molecules are more likely to be effective in reducing 
mortality than those that appear to act principally by 
blocking a single ion channel or a component of a 
channel. 

Conclusions 

How ventricular arrhythmias should be treated is cur
rently a rapidly changing scene that is and should be 
under continuous and close scrutiny. The goals and 
end points of therapy should be clearly defined. These 
are best done on the basis of data acquired from strin
gently controlled clinical trials. The results from such 
trials need to be incorporated into our thought 
processes and clinical decision making in the selection 
of regimens, pharmacologic and nonpharmacologic, 
for therapeutic use in the expectation of reducing mor
tality due to ventricular arrhythmias. While suppres
sion of manifest arrhythmias is a desirable goal for re
ducting symptoms when they are related to the ar
rhythmias, efforts to suppress them for the purposes of 
prolonging survival remains an unproven hypothesis. 

The requirements for demonstrating efficacy of 
newer agents are also becoming more stringent. The 
impact on mortality can only be demonstrated by ade
quately designed controlled trials. Newer trials need to 
take cognizance of the changing natural history of car
diovascular disease, especially the substrate for ven
tricular arrhythmias, the need for placebo-controlled 
trials, and the appropriate trial end points. In the case 
of asymptomatic arrhythmias the sole end point is 
clearly an improvement in mortality. The presence of 
arrhythmias in a particular setting in this instance 
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merely selected a subset of patients at high risk for ar
rhythmic deaths - patients with recent or remote my
ocardial infarction, heart failure, and cardiomy
opathies, among others. In such subsets of patients the 
effects on total mortality have been determined with 
respect to beta-blockers, calcium-channel blockers, as
pirin, angiotensin-converting enzyme (ACE) in
hibitors, amiodarone, and certain antiarrhythmic 
drugs. Most such trials have utilized placebo controls. 
The availability of ICDs has provided an opportunity 
to use placebo controls even in patients with manifest 
VT/VF. It is clear that there are pharmacologic regi
mens which may not act directly on arrhythmias but 
which may have a substantial effect in either continu
ously modulating the arrhythmogenic influences on 
the substrate (e.g., beta-blockers) or which fundamen
tally alter the myocardium (ACE inhibitors or throm
bolytics), thereby indirectly preventing the develop
ment of VF. An understanding of the mechanisms of 
the salutary effects of these classes of cardioactive 
compounds is critical since the use of such agents in 
patients at high risk for developing VF provides the 
largest scope for mortality reduction in patients with 
significant cardiac disease. 

For controlling VTNF a shift from class I agents to 
beta-blockers and to complex class III agents such as 
sotalol and amiodarone in recent years is occurring si
multaneously as a shift from surrogate end points of ar
rhythmia suppression either on Holter or of arrhyth
mias induced by PES. An important realization from 
clinical trial end points has been that total mortality 
and indices of arrhythmia suppression have been diver
gent. This was dramatically illustrated by the findings in 
CAST with class I agents. This being the case, if one 
were to apply the data to VTIVF, it engenders consid
erable doubt whether antiarrhythmic drugs have been 
shown to prolong survival in patients with VTNF in 
absolute terms. No longer does it appear reasonable to 
assume that in responders on the basis of PES studies 
mortality will be reduced. As far as guided drug thera
py for VTIVF is concerned, it appears inherently un
likely that a drug might produce an increase in mortali
ty in one subset of patients and a reduction in another, 
especially if the level of the left ventricular ejection 
fraction were comparable. For example, d-sotalol clear
ly increased mortality in high-risk post-MI survivors 
with low ejection fraction. Is it logical to believe that 
the drug might reduce mortality in patients with VTNF 
if it is administered on the basis of PES-guided thera
py? Such is the magnitude of the persisting dilemma of 
drug therapy in the case of VTNF, a dilemma that has 
undoubtedly led to an increasing focus on the use of 
implantable devices in this setting. The advent of ICDs 
now permits controlled clinical trials which may indi
cate the true benefit (if any) of drug therapy in patients 
with symptomatic VTNF. In these trials, ICDs may 
serve as the placebo arm of a randomized drug study. 
Controlled studies of these designs are not only desir
able but are imperative for establishing the role of vari
ous treatment modalities in the control of VTNF in pa
tients with cardiac disease. The challenge is not only to 
synthesize ideal antifibrillatory agents but also to de
fine precisely their net therapeutic effects on clinically 
relevant end points compared to no drug treatment 



(i.e., placebo) in patients with changing myocardial 
substrates. The availability of ICDs now permits such 
studies to be carried out without violating ethical prin
ciples of conducting controlled clinical trials. 
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Introdnction 

On November 1, 1994, the SWORD (Survival With 
Oral D-sotalol) trial was terminated by the Steering 
Committee because of an excess mortality among the 
patients randomized to d-sotalol. Five years after the 
early termination of the Cardiac Arrhythmia Suppres
sion Trial (CAST) for similar reasons, this event has 
caused further concern in the field of cardiac arrhyth
mias and electrophysiology and is raising questions 
about the availability of drugs that may reduce sudden 
cardiac death and also about the rationale and events 
that precede the initiation of large-scale clinical trials. 

This article reviews the background of the 
SWORD trial and considers some of the reasons for its 
outcome. This analysis is limited by the impossibility of 
disclosing, at the moment of writing, very relevant in
formation because the primary paper on SWORD has 
not yet been published. 

Backgronnd 

In the aftermath of CAST (1, 2), most drug companies 
abandoned the development of Na+ channel blockers 
and concentrated their efforts on K+ channel blockers. 
Let us examine what the reasoning was behind this 
move, because there is an important lesson to be 
learned by those interested in the pharmacologic pre
vention of sudden cardiac death and in the develop
ment and evaluation of antiarrhythmic drugs. 

In addition to the well-established, but incomplete, 
protection offered by 13-adrenergic blocking agents the 
only antiarrhythmic drug that in the late 1980s still ap
peared to be promising was amiodarone. A few small
size studies (3, 4) had indeed reported a reduction in 
mortality with amiodarone, and two large-size studies, 
EMIAT (5) and CAMIAT (6), will report their final 
results on a total of 2700 postmyocardial infarction 
(MI) patients in 1996. Amiodarone is the prototype of 
class III antiarrhythmic drugs in the traditional Vaugh
an-Williams classification; this simplistic view has led 
many investigators and drug companies to incorrectly 
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assume that all other class III antiarrhythmic agents 
share the same favorable characteristics of amiodarone 
but hopefully without its peculiar toxicity. As a conse
quence, the development of a large number of K+ 
channel blockers was accelerated, and many of them 
(almokalant, ambasilide, azimilide, dofetilide, d-so
talol, risotilide, sematilide, E4031, MS-551, RP S8866, 
WA Y -123-398) became either available for clinical in
vestigation or are almost ready now. In the early 1990s, 
it was considered that for two of these compounds, d
sotalol and dofetilide, a sufficient amount of experi
mental and clinical data had been accumulated to justi
fy their evaluation in a randomized clinical trial. Thus, 
Bristol-Myers-Squibb and Pfizer set in motion two ma
jor trials, SWORD and DIAMOND (Danish Investi
gation of Arrythmias and Mortality on Dofetilide). 

As suggested above, the reasoning behind this deci
sion was based, at least in part, on a series of oversim
plifications that had already been challenged in the doc
ument produced in 1991 by a Task Force of the Work
ing Group on Arrhythmias of the European Society of 
Cardiology called the "Sicilian Gambit" (7). The Sicil
ian Gambit, and its subsequent evolution (8, 9), pointed 
out that most antiarrhythmic drugs have a wide range 
of actions and that to consider them as belonging to a 
single class is a dangerous and misleading oversimplifi
cation. This was not the original intention of Vaughan
Williams, but this is the way his classification is being 
used, as indicated by the common reference to "class I 
antiarrhythmic drugs" or to "class III antiarrhythmic 
drugs." The Sicilian Gambit called attention to the fact 
that amiodarone does much more than to block the K+ 
channels; as a matter of fact, it also blocks the Na+ and 
the Ca2+ channels, albeit with a lower potency, and it 
has both (X- and 13-adrenergic blocking effects in addi
tion to an interesting coronary vasodilating effect. To 
assume that a drug that blocks solely the K+ channel 
would produce the same effects as amiodarone is naive. 
On the other hand, there is scientific merit in attempt
ing to assess the potential beneficial effect of a pure K+ 
channel blocker. All too often concepts based on theo
ry are proven wrong, and only a carefully conducted 
clinical trial can answer certain questions about drug 



efficacy and safety. The effect of prolonging ventricular 
refractoriness, which is the primary electrophysiologic 
effect of K+ channel blockers, is of major importance in 
preventing reentrant arrhythmias, and ischemic ar
rhythmias are usually reentrant in nature. Thus, a solid 
background for the assessment of K+ channel blockers 
was established. To carefully design a clinical trial 
which would assess the precise entity of the potential 
protective effect of K+ channel blockers was a necessary 
and important contribution to cardiology and to the un
derstanding of the complex relation between manipula
tion of a single ionic channel and arrhythmogenicity in 
patients with ischemic heart disease. In this sense, the 
outcome of these trials was relatively unimportant be
cause considerable progress in knowledge would be 
achieved by both a positive and a negative result. 

This background is important because it explains 
two facts: (1) why leading drug companies have em
barked on large clinical trials with K' channel blockers 
and (2) why scientists who were, or who might have 
been, skeptical about the probability of success of 
these trials cooperated in their design and in carrying 
them out. 

As of June 1995, DIAMOND is still ongoing, 
whereas SWORD was terminated in November 1994 
because of excess mortality in the group receiving d
sotalol. In this brief article I will review data relevant 
to SWORD. I have to point out that, at the time of 
writing, the first presentation of the complete results of 
SWORD has not yet been published and therefore, 
like all the other members of the Steering Committee, 
I am bound to confidentiality and am not allowed to 
divulge the complete results. This is likely to be possi
ble at the International Workshop on Cardiac Ar
rhythmias in October 1995. 

SWORD Protocol 

SWORD was designed as a multicenter study to assess 
the hypothesis that d-sotalol would reduce total mor
tality in two groups of patients who survived a myocar
dial infarction. 

SWORD had planned to enroll 6400 patients at 
approximately 500 centers in 30 countries, including 
Europe, North and South America, South Africa, Aus
tralia, and New Zealand. These patients, all with left 
ventricular dysfunction (left ventricular ejection frac
tion less than 40%) and with a myocardial infarction, 
were included in two groups. Group 1 consisted of pa
tients with an acute myocardial infarction 6-42 days 
prior to randomization with or without overt heart fail
ure. Group 2 consisted of patients with a remote my
ocardial infarction occurring more than 42 days prior 
to randomization who also had a history of overt heart 
failure (New York Heart Association class II or III). 
The primary efficacy endpoint was total mortality; car
diac mortality was a secondary endpoint. 

Among the exclusion criteria there was a QTc of 
more than 460 ms. The initial dosage was 100 mg twice 
daily for 1 week, to be increased to 200 mg twice daily 
if QTc had not exceeded 520 ms. The drug had to be 
discontinued whenever a QTc exceeding 560 ms was 
observed. 
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In estimating the sample size the following as
sumptions were made: 
1. A trial duration of 3 years with a minimum patient 
follow-up of 18 months. 
2. The acute and remote myocardial infarction patients 
will enter the study in a ratio of 2:1. 
3. A cumulative average mortality of 17.7% in the 
placebo treated patients. 
4. A 20% reduction in total mortality associated with 
d-sotalol. 
5. A two-sided significance level of 0.05. 
6. A power of 90%. 

The sample estimate was based on one intent-to
treat analysis at the conclusion of the trial; however, 
the Data and Safety Monitoring Board was supposed 
to make periodic assessment with well-defined stop
ping rules, including differential boundaries for effica
cy and harm, in order to allow termination of the trial 
before its completion if appropriate (10). 

SWORD Outcome 

As of November 1, 1994, a total of 3121 patients had 
been randomized in the SWORD trial with a mean fol
low-up of 146 days. The Data and Safety Monitoring 
Board recommended early termination of SWORD 
because the boundary for harm had been crossed 
(Z=2.8) and statistical significance had been reached 
(p=0.006). There was an increased mortality among 
the 1549 patients receiving d-sotalol (78 deaths, 5.0%) 
compared to the 1571 receiving placebo (48 deaths, 
3.0%). This difference was present across all sub
groups, even though it was markedly more present in 
some compared to others. 

The unavoidable, and definite, conclusion of 
SWORD is that d-sotalol causes harm in patients with 
a prior myocardial infarction. 

Is d-Sotalol Antifibrillatory? 

A drug that aims at reducing mortality, and primarily 
sudden arrhythmic death, in patients with ischemic 
heart disease has to possess a marked antifibrillatory 
activity. Prior to initiation of a clinical trial, attention 
should be paid to experimental studies performed in 
preparations relevant to the clinical reality. 

d-Sotalol had indeed been studied in two well ac
cepted and established canine models of sudden car
diac death in conscious dogs with a healed myocardial 
infarction. Interestingly, the two studies provided op
posite results. 

Lucchesi and associates used a preparation based 
on the production of an occluding thrombus in the cir
cumflex coronary artery of dogs 4-7 days after an ante
rior myocardial infarction (11,12). The study is per
formed while the dogs are at rest and, as the thrombus 
occlusion is irreversible, the only possible analysis is 
that based on group comparison. They reported a 
striking protective effect of d-sotalol. In two consecu
tive studies the incidence of ventricular fibrillation 
within the first 60 min after the appearance of electro
cardiographic signs of acute myocardial ischemia was 



20% (two out of ten) and 12.5% (one out of eight) 
among the dogs treated with d-sotalol , whereas it was 
80% (eight out of ten) and 87% (seven out of eight) 
among the dogs treated with saline. These data were 
regarded as very encouraging for the initiation of a 
clinical trial with d-sotalol. 

We studied d-sotalol in our own preparation for 
sudden death (13). This involves a brief ischemic 
episode, secondary to a 2-min occlusion of the cir
cumflex coronary artery, in dogs with a 1 month old 
anterior myocardial infarction; this ischemic episode 
is produced toward the end of an exercise stress test. 
Thus, this model involves transient ischemia at the 
time of physiologic sympathetic activation. Whenever 
ventricular fibrillation occurs, the dogs are promptly 
defibrillated and can be tested again either in control 
conditions or after administration of several drugs. 
Another important feature of this preparation is the 
very high reproducibility of the outcome; this allows 
an internal control analysis. 

Using this model, Vanoli et al (14) compared the 
protective effect of d-sotalol (n=lO), of d,l-sotalol 
(n=9), and of propranolol (n=9) in the same dogs with 
a healed myocardial infarction. All these animals had 
developed ventricular fibrillation in the exercise and 
ischemia test performed in control conditions; based 
on our experience on several hundred postmyocardial 
infarction dogs, recurrence of fibrillation is expected in 
92% of animals which repeat the test in control condi
tions. Propranolol and d,l-sotalol were effective in pre
venting ventricular fibrillation, as demonstrated by its 
recurrence in 44% and 33% of the animals, respective
ly. By contrast, ventricular fibrillation recurred in 90% 
of the dogs treated with d-sotalol (Fig. 1). Our conclu
sion was that d-sotalol does not reduce the risk for 
ventricular fibrillation during acute myocardial is
chemia associated with sympathetic hyperactivity. 

These results do not contradict the evidence that 
d-sotalol can effectively prevent the recurrence of life
threatening arrhythmias dependent on an anatomical 
substrate (11,12,15). However, they should alert us to 
the possibility that d-sotalol may not be able to reduce 
the risk for sudden death after myocardial infarction in 
those patients more likely to die because of the ar
rhythmogenic interaction between ischemic episodes 
and sympathetic activation. Most of these patients 
could probably be identified by the presence of mark
ers of low vagal and high sympathetic activity, such as 
depressed baroreflex sensitivity (16-18) and reduced 
heart rate variability (19-21). 

Why Does d-Sotalol Fail To Prevent Ventricular 
Fibrillation During Myocardial Ischemia and 
Symphathetic Activation? 

The striking difference in results obtained with d-so
talol in the experiments conducted by Lynch et al 
(11,12) and by Vanoli et al (14) must be based on a 
sound pathophysiologic explanation. Searching for this 
explanation, we developed and tested the hypothesis 
that sympathetic excitation may interfere with the 
mechanism of action of K+ channel blockers. This con
cept has far-reaching theoretic and clinical implica-

41 

% 

100 

80 

* 

60 

40 

20 

CONTROL d. I·$OTALOL PROP RANOLOL 

Fig. 1. Antiarrhythmic drug efficacy in preventing ventricular 
fibrillation during sub maximal exercise and acute myocardial 
ischemia in ten dogs. All animals developed ventricular fibrillation 
during the control study. Survival (%) is defined as the absence of 
ventricular fibrillation during myocardial ischemia. Antiarrhythmic 
drug administration is described in the text. * p < 0.05 

tions and certainly warrants adequate investigation. 
Our hypothesis was based on the fact that the K+ 

current with the largest effect on ventricular repolar
ization, the delayed rectifier I" comprises two compo
nents: one rapidly activated (I,,) and one slowly acti
vated (Ik» (22). Ike is blocked by most of the traditional 
K+ channel blockers, such as d-sotalol, whereas Ik, is 
not blocked by d-sotalol and is activated by isopro
terenol. Whenever sympathetic activity increases, Ik> 
becomes the predominant component of Ik (23). Thus, 
it might be postulated that in the presence of increased 
sympathetic activity, the sheer blockade of I" may 
have only a limited effect on action potential duration. 
We tested this hypothesis in two series of experiments 
performed in vivo and in vitro (24). 

The in vivo experiments were conducted in anes
thetized dogs in which the effect of left stellate gan
glion stimulation on the monophasic action potential 
prolongation induced by d-sotalol was tested at con
stant heart rate. The in vitro experiments were con
ducted in isolated guinea pig ventricular myocytes: the 
effect of isoproterenol was tested on the action poten
tial duration in the absence and in the presence of d
sotalol. 

In control conditions, both in vivo and in vitro, 
adrenergic stimulation did not significantly change ac
tion potential duration. d-sotalol prolonged by 19% -
24% the action potential duration in the two experi
mental settings. Importantly, adrenergic activation re
duced by 40% - 60% the prolongation of action poten
tial duration produced by d-sotalol. 

The inescapable conclusion of these experiments is 
that sympathetic activation counteracts the effect of K+ 
channel blockers on the duration of ventricular repo
larization and may thus impair their primary antifibril
latory mechanism. The intriguing clinical implication 
was that K' channel blockers might not be effective in 
protecting patients from malignant ischemic arrhyth-



mias occurring in conditions of elevated sympathetic 
activity. 

The relevance of these two studies to the outcome 
.of the SWORD trial is obvious. It is reasonable to sur
mise that the results of SWORD may depend on the 
combination of a pro arrhythmic effect (well known for 
all these compounds), more evident in the subgroup at 
lower risk, with a lack of protection in the subgroup at 
higher risk. Our experimental data, which have shown 
the inability of d-sotalol to prevent ischemia-induced 
ventricular fibrillation, contribute to explain the clini
cal result. They also demonstrate the validity of this 
specific animal preparation in providing information 
useful for the selection of the antiarrhythmic drugs 
most appropriate for being tested in a clinical trial. 
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To Treat or Not To Treat Ventricular Arrhythmias 
in Dilated Cardiomyopathy? 

D. Bracchetti, M. Mezzetti, G. Barbato, N. Franco, and G. Casella 

Divisione di Cardiologia, Os pc dale Maggiore, Bologna, Italy 

Introduction 

The management of patients (pts) with dilated car
diomyopathy (DC) and malignant ventricular arrhyth
mias (MV A), with particular attention to their treatment 
indication, should include a comprehensive clinical eval
uation focusing on the potential role of triggering factors 
of rhythm disturbances. The clinical evaluation of the 
various interrelated adverse events that can precipitate 
MVA, as shown in Fig.1, is mandatory for the full under
standing of the clinical problems of these pts. DC is char
acterized by a progressive dilatation of cardiac cham
bers, but principally of the left ventricle, together with 
poor and inadequate wall hypertrophy and severe reduc
tion of myocardial contractility and overall ventricular 
function. Ischemic cardiomyopathy (ICM) and idiopath
ic cardiomyopathy (DCM) are the most common forms, 
but the etiology is often multifactorial. Death is caused 

by progressive heart failure, with mortality rates ranging 
from 30% to 50% at 1 year from symptom onset, or sud
den cardiac death (SCD) presumably resulting from ar
rhythmias, accounting for 28%-45% of fatal events (1 , 
2). SCD could be ascribed in most cases to ventricular 
tachycardia (VT) degenerating into ventricular fibrilla
tion (VF; 3). Previous observations warrant addressing 
the issue of treatment of pts with DC and MV A. 

Etiology and Pathogenesis 

In DCM microscopic study reveals extensive areas of 
interstitial and perivascular fibrosis with small areas of 
necrosis and cellular infiltrate; in ICM discrete areas of 
scar tissue related to old myocardial infarction are 
prevalent. In addition, the dilatation of heart chambers 
causes an increase in wall stress and myocardial fiber 
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stretching. These histological and morphological 
changes could predispose to the development of 
rhythm disturbances such as bradyarrhythmias or tach
yarrhythmias. Several mechanisms could be involved 
in the genesis of MV A in pts with DC: 
- A reentrant circuit formed by the inhomogeneity of 
myocardial depolarization and conduction velocity 
within surrounding areas of active inflammation, fibro
sis, or ischemia 
- Enhanced automaticity secondary to myocardial 
stretching and increased transmural pressure 
- Intracellular electrolyte fluxes consequent to diuretic 
therapy 

Several triggering factors acting on this anatomical 
substrate can facilitate the emergence of MV A. 

In pts with DC a direct arrhythmogenic effect could 
be ascribed to the enhanced sympathetic nervous tone 
and to circulating catecholamines, both inducing in
crease of myocardial oxygen consumption (potentially 
aggravating ischemia-related arrhythmias) and acute hy
pokalemia determined by a beta adrenergic mediated 
intracellular entry of potassium ions (4, 5). Moreover, 
activation of the renin-angiotensin-aldosterone system 
(6) in conditions of circulatory failure together with di
uretic therapy raise the urinary excretion of magnesium 
and potassium ions. Drug therapy plays an important 
role as a triggering factor: digitalis and diuretics, for a 
long time considered the cornerstone in the manage
ment of heart failure, can both increase the prevalence 
of MV A (7). The pro arrhythmic and negative inotropic 
effects of class lA antiarrhythmic drugs are well estab
lished. The prognosis in pts with symptomatic DC is re
markably poor and appears related to the severity of the 
underlying myocardial disease; while there are many 
clinical and hemodynamic parameters that might predict 
a poor prognosis due to impending circulatory failure, it 
has been more difficult to predict which pts with DC 
might be at risk for arrhythmic SCD (8). Ventricular ec
topic beats (VEB) and nonsustained ventricular tachy
cardia (NSVT) are detected at Holter monitoring (HM) 
in 70% and 20%-80% of pts with DC, respectively. The 
sensitivity of HM in detecting VEB and NSTV is high 
and appears to correlate to total cardiac deaths, but the 
specificity and predictive value with respect to arrhyth
mic SCD in DC pts appear to be low (9). It is difficult to 
make a uniform statement with regards to the prognos
tic significance of ventricular arrhythmias found on rou
tine HM in predicting SCD. Antiarrhythmic therapy 
may be suitable for pts with aborted SCD or recurrent 
sustained VT but not in cases of asymptomatic MV A. 
Only in pts with VF or sustained VT, associated with a 
high incidence of VEB, the antiarrhythmic drug efficacy 
could be potentially predicted by a significant lowering 
of VEB at HM. The electrophysiologic mechanism of 
arrhythmia could be partially related to etiology. In 
ICM rather than DCM the presence of areas of scar tis
sue can facilitate the induction and maintainance of 
MV A on the basis of a reentrant circuit: nearly 70%-
80% of pts with a history of clinical VT and VF had in
ducible MV A at baseline programmed electrical stimu
lation (PES) study (10). This group of pts has an im
proved prognosis if arrhythmia induced at baseline PES 
is subsequently suppressed by antiarrhythmic therapy 
(11). In pts with cardiomyopathy and a history of clinical 
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VT or VF, a standard PES protocol has a significantly 
lower yield, with sustained VT being inducible only in 
50% of cases; in this group the inability to induce MV A 
by antiarrhythmic therapy at control PES is a marker of 
good prognosis (12). However, these pts represent only 
a small subset of all the pts with DCM (13). Prognostic 
significance of noninducibility of MV A at baseline PES 
in pts with symptomatic NSVT or clinical VT and VF is 
unknown and does not imply freedom from the risk of 
arrhythmia recurrence or SCD; in pts with asympto
matic MV A PES testing does not reliably stratify pts at 
risk for SCD (14). These pts could be treated either with 
antiarrhythmic drugs on an empirical basis or consid
ered candidates for implantation of a cardioverter defib
rillator (ICD). A complete PES evaluation is always 
strongly reccomended in pts with VF or sustained VT 
and DC, also for diagnostic purposes. Pts with DC and 
intraventricular conduction disturbances present with a 
relatively high incidence (6%-10%) of bundle branch 
reentry tachycardia (15). In this form of tachycardia the 
His-Purkinje system and a portion of the interventricu
lar septum are involved in the reentry circuit; this tachy
cardia is usually very fast and the arrhythmia can degen
erate into VF. In such cases, the diagnosis is by electro
physiologic study and catheter ablation treatment (16) 
of the right bundle branch is effective in 100% of cases. 

Drug Therapy 

In pts with DC the identification and treatment of all re
versible factors playing a role in the genesis of arrhyth
mias is mandatory. Several questions have been raised 
in the last decade regarding the clinical efficacy and 
troublesome potential pro arrhythmic effect of digoxin 
in particular. Encouraging data regarding digoxin thera
py emerged from the recent RADIANCE and 
PROVED trials (17), carried out on in large patient 
popUlations; digoxin has an interesting balancing effect 
on the autonomic nervous system tone and a resulting 
reduction in renin secretion (18). Lown and Podrid (19) 
hypothesized a presumed direct antiarrhythmic effect of 
digoxin (well known for atrial fibrillation) in pts with 
heart failure that, however, has not been confirmed in 
recent controlled trials from which a trend toward high
er mortality emerged. In our opinion the pro arrhythmic 
effects of digoxin are more commonly observed in the 
presence of low potassium concentrations or could be 
ascribed to an increase in serum digoxin levels related 
to a reduction in the glomerular filtration rate in pts 
with transient impairment of ventricular function. 

Antiarrhythmic Drugs 

Caution should be exercised in the administration of an
tiarrhythmic drugs with their variable degree of negative 
inotropic effect to pts with heart failure and ventricular 
arrhythmias, since it may cause a hemodynamic impair
ment with further compromise of absorption, metabo
lism, and secretion rates. Furthermore, proarrhythmic 
effects are not only drug related (more often demon
strated for propafenone than for amiodarone) but also 
patient related, being more common in subjects with re
duced ejection fraction (EF%) and complex ventricular 



Table 1. Hemodynamic effects of antiarrythmic agents [modified 
from (30)] 

Drug/group Myocardial Peripheral Cardiac Blood 
contractility vascular output pressure 

resistence 

lA 
Quinidine 
Procainamide 
hydrochloride 

i.v. 
O.s. 

Disopyramide ~ 
IB 
Lidocaine 
Mexiletine 

Ie 
Flecainide ~ 
Propafenone ~ 
2 
B-Blockers ~ 
3 
Amiodarone 

i.v. ~ 
o.s. 

Sotalol 
hydrochloride 
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l' ,decrease; ~,increase; =, little or no definite effect; number of 
arrows represent relative intensity of effect. 

arrhythmias. Considering the pharmacodynamic proper
ties of antiarrhythmic drugs listed in Table 1, especially 
their negative inotropic action, cautious use is warranted 
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in pts with heart failure and ventricular arrhythmias. 
From a practical point of view pharmacodynamic effects 
following acute intravenous administration are remark
ably different from those related to long-standing oral 
treatment. In particular, the mild negative inotropic ef
fect induced by intravenously administered amiodarone 
is not observed during chronic oral therapy, which is 
generally well tolerated in pts with heart failure, too. 

The antiarrhythmic drugs of group 1 have more 
(disopyramide) or less (lidocaine and mexiletine) the 
same powerful negative inotropic effect. Group IC an
tiarrhythmic agents share a well-documented proar
rhythmic and negative inotropic-effect (more evident 
for flecainide). The significant reduction of myocardial 
contractility induced by antiarrhythmic agents should 
also limit their use in the treatment of pts with DC and 
sustained VT; in these cases overdrive pacing (OP) 
and DC shock are preferred. 

Amiodarone. Teo and Yusuf, in a recent meta-analy
sis, compared the efficacy of antiarrhythmic drugs 
from analysis of data from 98 000 pts with ischemic 
cardiomyopathy enrolled in 138 trials (20): only amio
darone and B-blockers proved to be effective drugs in 
reducing cardiac mortality. These data are of particu
lar interest in pts with DC and heart failure with re
spect to the efficacy of orally administered amio
darone in reducing MV A and cardiac death with neg
ligible negative inotropic effect. A later study by Neri 
et al. (21) found that amiodarone was effective in 
suppressing complex VEB on HM of pts with IDe. 
Herre et al. (22) in 1989 analyzed data fron 462 pts 
with heart disease of various etiology and ventricular 
arrhythmias and reported SCD reduction in pts treated 
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Fig. 2A, B. Survival rate curves over 24-month follow-up in the GESICA study, showing a trend toward reduction of death from progressive 
heart failure (A) and from sudden cardiac death (B). [From (25)] 
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with amiodarone. These positive results were confirmed 
by Ceremuzynski (23) and by the BASIS STUDY (24) 
with data obtained from pts with ischemic cardiomyopa
thy and previous myocardial infarction; in the latter 
amiodarone efficacy was demonstrated in pts with EF% 
greater than 40%, but not in the group with heart fail
ure. Efficacy of 2-year low-dose amiodarone therapy in 
pts with heart failure, irrespective of the presence of 
ventricular arrhythmias, emerged from recent GESICA 
study data (25). Doval reported a reduction of SCD and 
of deaths related to progressive heart failure; only 12 pts 
withdrew from the study because the drug was poorly 
tolerated (Fig.2A, B). These results raise questions re
garding the appropriate amiodarone administration as 
well as concerning the standard treatment regimen for 
pts with heart failure and ventricular arrhythmias. Data 
from the EMIAT study in postinfarction pts with EF% 
less than 30% (study ended in 1995) might possibly cor
roborate this orientation. 

Angiotensin-Converting Enzyme Inhibitors. The an
giotensin-converting enzyme (ACE) inhibitors capto
pril and enalapril have been shown to reduce mortali
ty in pts with congestive heart failure (26). Several 
large scale trials in this decade evaluated the poten
tial antiarrhythmic effect of ACE signaled in the pre
vious report of Webster (27). In VHeFT II (28) 
enalapril significantly reduced the incidence of NSVT 
compared to pts treated with hydralazine and ni
trosorbide; this study demonstrated a trend toward 
SCD reduction as supported by other trials. It could 
be concluded that there is an unquestionable reduc
tion in the incidence of heart failure in the treated 
group and a trend toward the reduction of cardiac 
death, but there is not a clear demonstration of any 
antiarrhythmic action. Nevertheless, ACE inhibitors 
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OVERDRIVE PACING PROCAINAMIDE 

do not induce the pro arrhythmic effects observed for 
antiarrhythmic agents and inotropic drugs, reconfirm
ing their safety in pts with congestive heart failure 
and ventricular arrhythmias. 

f3-Blockers. B-blockers can counteract the increase of 
sympathetic tone and of circulating catecholamine, 
representing a compensatory mechanism in patients 
with congestive heart failure; however, it is not often 
easy to titrate their dosage to the maximal clinical ben
efit without left ventricular function worsening. In an 
MDC study (29) performed in patients with DCM, 
metoprolol did not significantly reduce mortality when 
compared to placebo. In pts with ischemic car
diomiopathy and previous myocardial infarction, pro
pranolol, metoprolol, and timolol were effective in re
ducing cardiac mortality even in the subset with low 
EF% . To date there is no argument for the routine use 
of B-blockers in pts with DCM and MV A. 

Personal Experience 

We report our experience beginning in 1989 concern
ing the treatment of ventricular arrhythmia in patients 
with DC and heart failure. We evaluated the results 
obtained in the treatment of sustained VT and the pro
phylactic treatment of recurrences of VT and VF. 

Our patient population consisted of pts with DC, 
mainly of ischemic etiology, with EF% < 35% , and left 
ventricular end-diastolic dimension> 65 mm. 

Acute Treatment 

Emergency treatment of acute sustained VT with 
restoration of sinus rhythm is mandatory because it 
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Fig. 3. Relative efficacy and safety of overdrive pacing and antiarrhythmic drug therapy in terminating acute sustained ventricular tachycardia 
with signs of hemodynamic decompensation 
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reduces the hemodynamic imbalance and prevents de
generation into VF. We evaluated the number of acute 
VT episodes, the incidence of heart failure during the ar
rhythmia, and the results in pts with DC and heart failure 
(group A: 35 pts) as compared with pts with normal ven
tricular function (group B: 19 pts). We observed 114 and 
31 episodes of sustained monomorphic VT, respectively, 
in groups A and B with a mean number of episodes for 
pt of 3.25 and 1.6 (p<0.05), respectively, in the two 
groups. Signs of hemodynamic deterioration were detect
ed in 95/145 (65.5%) VT episodes with a significant 
prevalence in pts with EF% < 35% over pts with EF% > 
35%, or 75/95 (78.9%) and 20/95 (21.1 %), respectively. 
For the termination of sustained VT OP, antiarrhythmic 
drugs (procainamide in 21 episodes, lidocaine in 12, and 
amiodarone in seven) and DC shock were chosen in 48, 
40, and seven episodes, respectively (Fig. 3). OP was 
more effective than antiarrhythmic drugs in restoring si
nus rhythm, even if no statistical correlation was found: 
VT was terminated in 34/48 (70.8 %) and 24/40 (60%) 
pts, respectively. Procainamide (effective in 16/21 
episodes) and amiodarone (adequate in four of seven 
episodes) were significantly superior to lidocaine, which 
interrupted arrhythmia in four of 12 VT episodes. OP 
caused a lower incidence of proarrhythmic effects and 
hemodynamic deterioration than infusion of antiarrhyth
mic drugs (in three of 48 and six of 40 episodes, respec
tively), even if this was not statistically significant. 

Chronic Treatment 

Treatment with antiarrhythmic agents or implantation 
of an ICD should be considered as prophylaxis against 
arrhythmia recurrence and prevention of SCD in pts 
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with DC and sustained VT or VF. The study popula
tion included 65 pts with structural heart disease and 
sustained VT or VF not related to acute myocardial in
farction, electrolyte imbalance, or drug administration. 
After a complete clinical evaluation, pts underwent 
coronary arteriography with left ventriculography and 
PES study. ICM or DCM with severe left ventricular 
dysfunction (EF<35% ) and a left ventricular end-dias
tolic dimension >65 was observed in 38 pts (58.4%). 
Pts were carefully followed clinically and admission to 
the cardiac care unit was immediately available in case 
of arrhythmia recurrence. The results of clinical evalu
ation and diagnostic testing show that 19 pts received 
empiric pharmacological therapy and 19 pts PES drug
guided therapy. ICD was implanted in nine pts; amio
darone and sotalol were prescribed in 19 (50%) and 
four (10.5%) pts, respectively; six pts were managed 
with combined antiarrhythmic agent therapy. During a 
mean 24± 20 months (Fig. 4) follow-up, two (5.2 %) pts 
treated with antiarrhythmic agents died because of 
SCD while 12 pts (31.5%) died due to progressive 
heart failure (Fig. 4). Our data reveal that antiarrhyth
mic drug therapy (mainly amiodarone and sotalol) still 
plays an important role in the management of pts with 
left ventricular dysfunction at risk for arrhythmic SCD 
with an unclear indication for ICD implantation. 

Therapeutic Indication and Conclusion 

The management of pts with DC is complex and thera
py should be principally aimed at preventing heart fail
ure. The detection of MV A raises the following addi
tional issues: 
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Fig. 4. Survival rate in patients with malignant ventricular arrhythmias and dilated cardiomyopathy with ejection fraction less than 35% 
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1. Careful evaluation of triggering factors 
2. Contemporary use of drugs with indirect antiar
rhythmic properties 
3. Treatment of sustained VT or VF with restoration 
of sinus rhythm 
4. Prophylaxis with antiarrhythmic agents (still a mat
ter of debate) 

Triggering Factors 

As reported in the introduction, the control of trigger
ing factors represents an important therapeutic step in 
the management of pts with DC, regardless of the 
presence and the type of ventricular arrhythmias de
tected by HM. 

The pro arrhythmic effect of hypokalemia is well 
accepted: in pts with heart failure, reduction of serum 
potassium level (specifically extracellular and intracel
lular potassium ratio) can be induced by diuretic thera
py or by the enhancement of sympathetic tone. Thus 
hypokalemia potentially induced by diuretic therapy 
can trigger MV A in pts taking digoxin. Several drugs 
used to improve ventricular pump function can cause 
pro arrhythmic effects. Reduction of glomerular filtra
tion rate, consistent with transient impairment of ven
tricular function, can lead to an increase in digoxin 
serum levels. 

Indirect Antiarrhythmic Effect 

ACE inhibitors and probably B-blockers playa role in 
the treatment of pts with DC and ventricular arrhyth
mias since they counteract the harmful effects of in
creased sympathetic tone and circulating cate
cholamines. While there are no doubts regarding the 
efficacy of ACE inhibitors in pts with DC and heart 
failure, there are no definite data supporting the ad
ministration of B-blockers. The specific role of antiar
rhythmic therapy is still to be considered. 

Acute Treatment 

Sustained VT in pts with DC should preferably be ter
minated with OP or DC shock, with some preference 
for OP since it avoids the negative inotropic effect of 
anesthetic drugs generally used for the countershock. 
The negative effect on myocardial contractility of an
tiarrhythmic agents greatly limits their use in the ter
mination of sustained VT. In our experience, intra
venous administration of amiodarone is effective and 
hemodynamically well tolerated. Lidocaine, tradition
ally considered the drug of choice for termination of 
sustained VT, rarely causes adverse hemodynamic ef
fects, but is significantly less effective than pro
cain amide or amiodarone in the restoration of sinus 
rhythm. 

Chronic Treatment 

According to the literature, the treatment of pts with 
DC and MV A should include ACE inhibitors (indirect 
antiarrhythmic effect). Among the antiarrhythmic 
agents only amiodarone appears to be effective in this 
patient population and data from GESICA supports 
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large-scale treatment with this drug. Nevertheless, if 
we consider inefficacy of antiarrhythmic drugs, the in
dications for ICD implantation should be evaluated for 
each individual pt; in fact, data from the literature 
show the high efficacy of this device in preventing 
SCD. In answer to the preliminary question, we can 
conclude that ventricular arrhythmias in pts sympto
matic for hemodynamic impairment or at high risk for 
SCD should be treated with antiarrhythmic drugs 
(amiodarone) in addition to the standard heart failure 
therapy (ACE, etc.). In selected cases, ICD implanta
tion must be considered. 
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Introduction 

Sudden unexpected cardiac death is a common feature 
in the natural history of hypertrophic cardiomyopathy 
(HeM) and in some patients is the first clinical mani
festation of the disease (1-4). 

It has been reported that the incidence of sudden 
death in HeM is 2%-4% per year in adults and even 
higher, approximately 6% per year, in children and 
adolescents (5). These figures are exaggerated since 
they come from some selected referral centers; a more 
benign natural history is reported by nonspecialist in
stitutions and in an identifiable subset of patients (6-9). 
Despite the controversial figures on the incidence of 
sudden death (mainly due to the broad clinical spec
trum) there is no question that some patients are at in
creased risk. 

Issues related to the nature and etiology of sudden 
death in HeM, and to the identification and treatment 
of patients at higher risk, have been the subject of nu
merous studies and debates. Although knowledge in 
these fields has increased over the past few years, 
many questions remain largely unresolved (10,11). 

In this review, the objective of which is the defini
tion of the best drug treatment for ventricular arrhyth
mias, attention will be focused on ventricular electrical 
instability, its role in the genesis of sudden cardiac 
death, and the usefulness of antiarrhythmic treatment. 

Mechanisms Underlying Sudden Cardiac Death 
inHCM 

Hemodynamic Mechanisms 

An increased ventricular rate secondary to sinus tachy
cardia or atrial arrhythmias (fibrillation, flutter, or 
tachycardia) may be associated with hypotension, is
chemia, symptoms of angina, and impaired conscious
ness; this may be due to the coexistence of enhanced 
atrioventricular (A V) nodal conduction (12,13), acces
sory bypass tracts (14), or increased sympathetic tone. 
Reduced diastolic filling, the reduced size of left ven-
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tricular cavity, and abnormal vascular response report
ed in these patients (15), lead to cardiac arrest. 

Electrical Mechanisms 

1. Transformation of a supraventricular arrhythmia in 
ventricular fibrillation. In the simultaneous presence of 
an atrial arrhythmia and an accessory pathway, impulses 
could reach the ventricle during incomplete recovery, 
create areas of slow conduction, and block and induce 
ventricular tachycardia or fibrillation (12,16). 
2. Induction of Ventricular Tachycardia or Fibrillation 
by Timed Ventricular Premature Beats. The occurrence 
of premature ventricular beats and susceptibility to 
ventricular fibrillation could be enhanced by transient 
myocardial ischemia and increased sympathetic tone. 

Bradyarrhythmias 

Bradyarrhythmias are mainly represented by a com
plete A V block or a sinus arrest. 

Other mechanisms 

The dynamic obstruction of the left ventricular outflow 
tract during effort and severe hypotension, due to ven
tricular baroreflex or induced by exercise and mediated 
by an abnormal vascular response, have also been sug
gested as underlying mechanisms of sudden cardiac 
death. 

Prevalence of Ventricular Arrhythmias 

Ventricular arrhythmias have been observed by 24-h 
Holter monitoring in about two thirds of patients, and 
nonsustained ventricular tachycardia (VT) has been re
ported in between 19% and 27% of adult patients (11, 
17). Short runs of nonsustained VT are recorded in 
about half of the patients after 5 days of in hospital am
bulatory telemetry electrocardiographic monitoring (IS). 

Nonsustained VT is frequently asymptomatic. Its 
rate is slow (about 140 beats/min), and it frequently 



follows a period of relative bradycardia, is not associat
ed with ST changes or QT alterations, and there is con
siderable variation in QRS morphology. 

To date, the mechanisms underlying ventricular 
arrhythmias in patients with HCM are not completely 
understood; moreover, the sequence by which these 
generally nonsustained arrhythmias lead to sudden 
death has not been defined. 

The cellular electrophysiological modifications in
duced by hypertrophy, such as the increase in the du
ration of action potential, or the occurrence of delayed 
afterdepolarizations and triggered activity, may be re
sponsible for ventricular arrhythmias as a result of the 
conduction alterations sometimes observed during the 
development of hypertrophy, particularly those depen
dent on sympathetic nervous system activity (19,20). 

Disarray may cause dispersion of ventricular activa
tion due to changes in fiber caliber, tortuosity and fibro
sis, and so create the substrate for reentrant tachycardias 
(21). Since the incidence of arrhythmias increases with 
age, it has been suggested that their presence is not simply 
secondary to myocyte disarray but also due to myocyte 
replacement fibrosis as well as interstitial fibrosis (22). 

Prognostic Significance of Ventricular Arrhythmias 

In 1981 two independent studies (11,17) reported a 
strong association between nonsustained VT and sud
den cardiac death in patients with HCM. In particular, 
adult patients had a sevenfold increased risk of sudden 
death within 3 years with high negative (97%) and low 
predictive accuracy (22%). These data from tertiary 
referred centers, probably enrolling most of the worst 
extremes of the disease spectrum, suggested that pa
tients with nonsustained VT at Holter monitoring 
should be treated with antiarrhythmic therapy. 

More recently, doubts have been raised regarding 
the possibility that these data can be applied to a pop
ulation that more closely reflects the characteristics of 
the overall group of HCM patients (6-9). 

Spirito et al. in 1994 (9) reported on 151 asympto
matic or mildly symptomatic patients with HCM. Forty
two had nonsustained VT at Holter monitoring and 
their sudden death rate was 1.4% per year; the figure 
was 0.6% in patients without nonsustained VT. On the 
basis of these data, the authors suggested that the sole 
presence of non sustained VT should not in itself be con
sidered an indication for antiarrhythmic treatment. 

Kofflard et al. (8) reported an annual mortality 
rate of 1 % in a large clinical population. 

Although it can be presumed that nonsustained VT 
is a marker of arrhythmic potential, this finding requires 
more detailed characterization to identify the high risk 
cohort of patients who should receive antiarrhythmic 
therapy or, failing that, other therapies, such as the im
plant of cardioverter defibrillator (ICD) or myectomy. 

Methods Allowing Identification of High-Risk Patients 

Electrophysiologic Study 

Fananapazir et al. performed electrophysiologic stud-
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ies in a series of patients with HCM (23). Using a pro
tocol which utilizes up to three extra stimuli, stimula
tion in the right and left ventricle and three differently 
paced ventricular cycle le~gths, these authors pro
duced nonsustained VT in 14% and sustained VT in 
43% of patients; monomorphic VT was induced in 
10%, and polymorphic VT or ventricular fibrillation in 
33%. Because of the aggressive protocol (which lowers 
specificity), the induction of polymorphic VT, which 
frequently degenerated into ventricular fibrillation, 
and the fact that only a minority of the inducible pa
tients will die suddenly in subsequent years, it can be 
suggested that the positive predictive accuracy of this 
method is low. Notwithstanding the highly significant 
association between the inducibility of sustained VT 
and a history of cardiac arrest or syncope (24), this 
method is not suitable for extensive and routine use 
and is not indicated for a large general HCM popula
tion. 

A new method, which assesses the inhomogeneity 
of intramyocardial conduction, has more recently 
shown that the early onset of electrogram fractionation 
is associated with sudden death (25) but the data from 
this study need confirmation in a large series of pa
tients. 

Since the currently used electrophysiologic meth
ods do not allow definitive conclusions to be drawn, 
the electrophysiologic approach should be limited to 
those HCM patients with nonsustained VT at Holter 
monitoring and should give more information regard
ing the substrate and intramyocardial conduction dis
turbances than the poorly specific inducibility of ven
tricular arrhythmias. 

Electrophysiologic study alone should also be used 
to evaluate the presence of sinus node dysfunction or 
A V conduction abnormalities (in the A V node, His 
bundle, and His-Purkinje system), enhanced A V node 
conduction and accessory bypass tracts. 

Signal-Averaged Electrocardiogram 

Cripp et al. (26) utilized signal-averaged electrocardiog
raphy to define the prognosis of patients with HCM. In 
this study there was a significant association between 
the prevalence of nonsustained VT on 48-h Holter 
monitoring and abnormal signal-averaged ECG. Of 
four patients with a history of cardiac arrest, three had 
an abnormal signal-averaged ECG. In the same study 
there was no association between an abnormal signal
averaged ECG and a family history of premature sud
den cardiac death or history of syncope or sympto
matic status. 

Since this lack of correlation is troublesome, it can 
be concluded that the abnormal signal-averaged ECG 
may be a useful adjunct to the noninvasive assessment 
of patients with HCM and non sustained VT at Holter 
monitoring but it does not help to select a cohort of 
patients at higher risk of sudden cardiac death. 

Electrophysiologic Testing and Other Variables 

In a recent study of Fananazapir et al. (27), it was 
demonstrated that there was a highly significant corre
lation between induction of sustained ventricular ar-



rhythmias and symptoms of impaired consciousness 
(cardiac arrest, syncope or presyncope). An adverse 
cardiac event was observed in 18% of these individu
als, whereas the figure was 3% when ventricular ar
rhythmias were not induced. 

In the same study, the value of 31 clinical, hemo
dynamic, electrophysiologic, and electrocardiographic 
variables was tested: only the induction of sustained 
ventricular arrhythmias at baseline and a history of 
cardiac arrest or syncope were identified as significant 
predictors of subsequent cardiac events by logistic re
gression analysis. This study supports the evidence that 
risk stratification in patients with HCM should be 
done by means of the close evaluation of electrophysi
ologic and clinical parameters. 

Patients Surviving Cardiac Arrest 

In the study by Cecchi et al. (28), which involved 33 
patients with HCM who survived cardiac arrest during 
a follow-up period of between 17 months and 22 years 
(mean 7 years), 22 were alive and 16 had remained 
asymptomatic or mildly symptomatic. 

No data were collected regarding the presence of 
ventricular arrhythmias in the surviving patients or in 
those who died. 

In Fananapazir and Epstein's study (24) of 30 sur
vivors of cardiac arrest, the incidence of nonsustained 
VT at Holter monitoring was low (39%). There was no 
statistically significant difference in age between the 
two groups, while the inducibility of sustained ventric
ular arrhythmias was 77% in patients with and 65% in 
patients without sustained ventricular arrhythmias. 
From these data it can be concluded that there is no evi
dence that the incidence of nonsustained VT is higher in 
patients who have experienced a cardiac arrest. 

Antiarrhythmic Drugs for Patients with HCM 

As various electrophysiologic mechanisms may be in
volved in the genesis of ventricular arrhythmias, and 
the risk of sudden death being different in sympto
matic and asymptomatic patients, the therapeutic ap
proach towards ventricular arrhythmias needs to be 
personalized. Drug therapy, surgical therapy, electrical 
device therapy and even ablative therapy may be the 
best option in an individual patient. 

f3-Adrenergic Blockers. B-Adrenergic blockers (propanolol 
in particular) have been the mainstay of treatment for 
over 25 year. However, no adequate, controlled studies 
have shown that B-adrenergic blocker therapy has a 
beneficial effect on survival. Most studies have shown 
that, when treated with B-adrenergic blockers, there is 
a mortality rate of 15%-20% in patients with New 
York Heart Association (NYHA) class III and IV dis
ease; those with NYHA class I and II disease have a 
mortality rate of 5%-10% (29). Considering the current 
literature, McKenna et al. (30) concluded that B-adren
ergic blocker therapy may improve symptoms but does 
not prevent sudden cardiac death. 

Calcium Channel Antagonists. Calcium channel antag
onists have been advocated to improve symptoms, in-
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crease exercise tolerance, reverse myocardial hyper
trophy and improve diastolic relaxation and filling. 

The in vitro effects of verapamil on muscle thick
ness and arrhythmias provide an attractive theoretical 
basis for its clinical use in patients with HCM. Howev
er, these desirable antiarrhythmic effects were not 
seen clinically (30). Serious ventricular arrhythmias are 
positively correlated with impaired septal motion, but 
not with ventricular wall thickness (31). Pelliccia et al. 
(32) have recently reported the favorable effect of ver
apamil in reducing the incidence of sudden cardiac 
death in HCM. Of the 101 patients included in this 
study, three who were taking oral verapamil died sud
denly over a 5-year follow-up period, as against eight 
patients treated with oral propanolol. These results 
were not statistically significant. 

Class I Antiarrhythmic Drugs. Class I agents, disopyra
mide and propafenone in particular, have been used 
with success to control heart rate in atrial fibrillation 
and obtain "chemical cardioversion" back to sinus 
rhythm in HCM patients. Moreover, a number of in
vestigators have shown that intravenous disopyramide 
causes a significant drop in the left ventricular outflow 
tract gradient and an increase in cardiac output (33). 
However, no studies have yet shown either a clear 
benefit on survival or a reduction in ventricular ar
rhythmias. 

Amiodarone. Amiodarone is the most widely used 
drug in patients with HCM. It has been used for its an
tiarrhythmic and hemodynamic effects, and has also 
been shown to be able to reduce the symptoms caused 
by left ventricular outflow tract obstruction, to in
crease exercise tolerance, and improve left ventricular 
compliance and diastolic filling (34). 

Dritsas et al. (35) have reported that amiodarone 
prolongs corrected QT(QTc) while reducing QTc dis
persion in patients with HCM. 

In 1985, McKenna et al. (36) demonstrated that 
low doses of amiodarone could prevent sudden death 
in patients with nonsustained VT at Holter monitor
ing. Treatment with amiodarone in 21 asymptomatic 
or mild to moderately symptomatic patients with HCM 
suppressed VT during repeat 24-h Holter monitoring 
periods and prevented sudden death during a 3-year 
follow-up. The mortality in this group of patients was 
similar to that in patients without nonsustained VT. In 
the group of patients with sustained VT treated with 
conventional therapy, mortality was about 20%. 

These findings suggested that all patients with 
HCM and nonsustained VT detected at Holter moni
toring should be treated indefinitely and empirically 
with oral amiodarone to prevent sudden cardiac death. 
This approach implies that there is no need for electro
physiologic study to evaluate whether, during treat
ment, individual patients have an arrhythmogenic left 
ventricular substrate capable of sustaining a more ma
lignant ventricular arrhythmia, or whether there is a 
conduction abnormality that may be exacerbated by 
amiodarone. 

This empirical approach to the treatment of sub
jects with HCM and nonsustained VT has not been 
shared by other investigators. 



In a retrospective study of 50 patients with HeM, 
who had received 2-month empiric treatment with high 
doses of amiodarone (400 mg/day), Fananapazir et al. 
(37) observed a statistically significant reduction in the 
number of patients with nonsustained VT (4% versus 
42 %); however, during the 6-month follow-up, the 
mortality in patients with nonsustained VT was much 
higher (38%) than that in patients without nonsus
tained VT (3%). 

This study demonstrated that high doses of amio
darone do not prevent sudden death in patients with 
symptoms refractory to B-blockers and nonsustained 
VT. These conflicting results could be explained by an 
effect of amiodarone on refractoriness and conduction 
which leads to abnormal A V nodal conduction and an 
increased inducibility of ventricular arrhythmias dur
ing electrophysiologic study. 

Despite the good prognosis of mildly asympto
matic patients with nonsustained VT, the lack of 
prospective studies demonstrating the favorable or ad
verse effects of this drug in selected cohorts of patients 
with nonsustained VT, as well as its side effects on 
young people or adolescents, suggest the conclusion 
that the efficacy of amiodarone in preventing sudden 
cardiac death in HeM has not been established. Treat
ment with amiodarone can be recommended only for 
young patients with non sustained VT, with a familiar a 
history of sudden death and with syncope who are at 
highest risk. 

Although sustained ventricular tachycardias are 
rare in HeM, and frequently associated with ventricu
lar aneurysm, amiodarone could be used for the treat
ment of these arrhythmias (38). Electrophysiologic test
ing is needed in order to evaluate efficacy of the drug. 

Amiodarone could be used in patients with an im
planted defibrillator to reduce the daily number of 
nonsustained VT, slow their rate, and reduce the de
vice shocks. Amiodarone could also be used in patients 
submitted to surgical treatment and recurrent episodes 
of nonsustained VT. 

Satala!. Sotalol is a unique antiarrhythmic drug that 
has a B-blocking effect and prolongs action potentials. 
Its usefulness in treating patients with HeM and ven
tricular arrhythmias is unclear. 

Tendera et al. (39) evaluated the effect of sotalol 
on exercise tolerance and the incidence of arrhythmias 
in 30 patients with HeM; in the short-term, the drug 
was able to improve exercise tolerance significantly 
and reduce the incidence of both supraventricular and 
ventricular tachyarrhythmias. 

Long-term controlled investigations should be per
formed in order to obtain further insights into its safe
ty and efficacy. 

Conclusion 

In order to briefly answer the question as to which 
therapeutic approach should be used in patients with 
HeM and ventricular arrhythmias, analysis of the data 
allows the following conclusions to be drawn: 

1. Adult patients with nonsustained VT and no or 
minor/mild symptoms have a good prognosis (1.4% 
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annual mortality) and probably do not need chronic 
treatment because: 

- Amiodarone has side effects and there are con
flicting results concerning its ability to prevent sudden 
death. The available data come from tertiary referring 
centers who used different dosages of the drug. 

- There is still no sufficient information on the ef
fects of other types of drugs. 

2. Adult patients with severe symptoms and non
sustained VT should receive low doses of amiodarone 
since the incidence of sudden death in this group of pa
tients is high (2.4% per year) and the results of one 
study showed a reduction in the sudden death rate 
with this type of treatment. 

3. Adult patients with previous cardiac arrest 
should receive low doses of amiodarone. In the case of 
the persistent inducibility of sustained ventricular ar
rhythmias during treatment, they should undergo de
fibrillator implantation. 

4. Young patients and adolescents should receive 
low doses of amiodarone if there is a familial history of 
sudden death and syncope. 

5. Sotalol and amiodarone could be administered 
to patients with an implanted defibrillator or submit
ted to surgical treatment in order to reduce the recur
rences of ventricular arrhythmias. 

6. Patients with accessory bypass tracts and atrial 
arrhythmias should be treated with amiodarone, so
talol, or class I antiarrhythmic agents in order to pre
vent the transformation of a supraventricular arrhyth
mia into a ventricular fibrillation. 

In the future patients with HeM should be more 
appropriately stratified in order to assess the role of 
noninvasive and invasive investigations in identifying 
patients at higher risk of sudden cardiac death, the 
need for treatment, and the most appropriate one (40). 
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Introduction 

Atrionodal reentrant tachycardias and tachyarrhyth
mias related to accessory atrioventricular pathways can 
be successfully treated with radiofrequency catheter 
ablation (RFCA) techniques with a low incidence of 
complications (1-4). In patients with ventricular tachy
cardia (VT), RFCA faces clinical, electrophysiologic, 
anatomic, and methodologic difficulties not found in 
the above two situations (Table 1). To be amenable to 
RFCA, the clinically occurring VT has to be repro
ducibly inducible in the electrophysiology laboratory, 
well tolerated, and sustained enough to be mappable. 

Table 1. Difficulties in RFCA in patients with VT 

1. Clinical VT has to be hemodynamically well tolerated 

2. Electrophysiologic VT has to be 

3. Anatomical 

4. Methodologic 

Due to a mechanism enabling its repro
ducible induction in the laboratory (with 
electrical stimulation techniques or isopre
naline) 
Prolonged enough to permit catheter 
mapping 

Site of origin or an essential component of 
the VT pathway must be 
Subendocardial 
Relatively narrow isthmus of tissue 

The number of VT with different sites of 
origin or reentry pathway mechanisms 
should be relatively low 

Identification of markers for RFCA that 
are both sensitive and predictive for success 
Suggested guides for VT RFCA 
Earliest endocardial activation 
Pace mapping 
Isolated mid-diastolic potentials 
Concealed entrainment 
Analysis of resetting and postpacing pause 
duringVT 
Analysis of the stimulus-QRS during con
cealed entrainment as compared with the 
interval mid-diastolic potential QRS onset 
ofVT 

RFCA, radiofrequency catheter ablation; VT, ventricular tachycardia. 
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In addition, due to the limited depth of the lesion pro
duced with current RFCA techniques, the site of origin 
of the VT, if the latter is due to a focal mechanism, or 
an essential link of its reentry pathway have to be rela
tively subendocardial. Finally, the patient ideally 
should not have too many morphologically distinct VT, 
particularly if they come from very distant ventricular 
sites or if catheter manipulation during mapping of one 
morphology frequently leads to a different VT and, on 
approaching the latter, the former VT or a different 
one is elicited. To these difficulties we must add 
methodologic problems to identify with certainty the 
site of successful application of RF current. RFCA of 
VT has been based so far on the results of several map
ping and pacing techniques such as (a) endocardial 
catheter electrode mapping to determine the site of 
earliest activation (5,6), (b) reproduction with endocar
dial pacing techniques of the VT morphology (pace 
mapping; 7-9), (c) demonstration of the phenomenon 
of concealed entrainment or as termed by Stevenson et 
al. "entrainment with concealed fusion" (10-17), and 
(d) identification of mid-diastolic potentials whose par
ticipation in the VT pathway is validated analyzing the 
phenomenon of resetting, concealed entrainment, and 
the duration of the postpacing interval (14-1S). 

The major problems in relation to RFCA of VT 
are (a) that our understanding of the underlying 
pathophysiologic mechanisms of the arrhythmia is in
complete, (b) that the methodology customarily used 
to identify the site of successful ablation is time con
suming and demands prolonged catheter stability (lO
IS), (c) that we lack visual markers similar to those 
used to ablate the so-called slow atrionodal pathway or 
accessory atrioventricular pathways (1-3, 19-23), and 
(d) last but not least, that some forms of VT may have 
intramural and/or epicardial origins or pathways not 
reachable with current RFCA technology (24-32). 
Stevenson et al. have recently studied the value of sev
eral criteria to predict VT interruption during RF cur
rent application (16). As shown in Table 2, the most 
commonly used criteria to localize the site of success
ful application in postmyocardial infarction VT had a 
very poor predictive value. This indicates the need of 



Table 2. Predictors of VT termination by RF current application 
(16) 

Criteria PPV 

ECF 17% 

PPI-VTcycie < 30 ms 20% 

Isolated cycle DP or CEA 32% 

ECF and PPJ -VT cycle < 30 ms 25% 

ECF and DP/CEA 45% 

VT, ventricular tachycardia; RF, radiofrequency; ECF, entrain
ment with concealed fusion; PPI, postpacing interval; DP, diastolic 
potential; CEA, continuous electric activity. 

improving our current methodology in order to be able 
to simplify RFCA in patients with VT and structural 
heart disease. Apart from these improvements in the 
methodology of the electrophysiologic selection of the 
ablation targets, it is possible that new technologic de
velopments in the field of RF current application or 
catheter design will further enhance the role of 
catheter ablation techniques in the treatment of map
pable VT. 

Pathophysiological Considerations in Patients with a 
Healed Myocardial Infarction 

VT in patients with underlying organic heart disease, 
particularly a postmyocardial infarction scar, is 
thought to be due to reentry. Although initial views on 
postmyocardial infarction VT suggested that they were 
based on a reentry mechanism mainly involving suben
docardial regions in the border of the scar tissue (5, 7, 
24-26), subsequent studies have questioned the univer
sal value of this assumption (27-34). Svenson et al. 
demonstrated that 15% of the 85 VTs terminated by 
laser photocoagulation required an epicardial applica
tion of the energy (27). These investigators found that 
predictors for an epicardial substrate were the absence 
of a ventricular aneurysm and infarctions in the pos
teroinferior regions. Littmann et al. have shown that 
some VT in postmyocardial infarction patients can be 
due to subepicardial reentrant circuits incorporating 
surviving myocardial fibers in the epicardial border 
zone (28). Kaltenbrunner et aI., using intraoperative 
epicardial and endocardial mapping techniques, sug
gested that VT in patients with myocardial infarction 
could be due to substrates involving subepicardial and 
deep septal layers in up to 32% of the 47 VTs induced 
in 28 patients (29). This type of VT would not be 
amenable to current RFCA techniques. 

De Bakker et al. have made important observa
tions in VT related to a chronic myocardial infarction 
(30-32). In their initial report on 72 patients with post
myocardial infarction VT in whom they recorded intra
operatively the endocardial electrical activity from 64 
electrodes covering the surface of a balloon, they found 
an endocardial site of origin in 136 of the 139 mapped 
VTs (98%) from which the activation wavefront spread 
centrifugally (30). This focal pattern of endocardial ac
tivation contrasts with that observed in very few in-
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stances (three VTs in this report) in which endocardial 
activation seems to circulate around the anatomical ob
stacle of the scar tissue. We agree with their interpreta
tion that this site of origin represented the endocardial 
breakthrough since (a) in 12 cases a second site of ori
gin was found and (b) on reviewing their recordings 
(not mentioned by the authors) (Fig. 4 in reference 30) 
the near DC unipolar electrogram at the site of origin 
shows a QS morphology whose onset starts some 60-70 
ms before the fastest intrinsic deflection, taken as acti
vation time 0; therefore, the earliest breakthrough in 
this example and in some other instances should be at 
another unexplored site, either endocardially, intramu
rally, or epicardially. They also found a silent gap be
tween the latest endocardial activity and the activation 
of the site of origin of the next beat, thus indicating that 
an unexplored route (intramural or endocardial but un
detected) existed to fill this electric silence (30). In
deed, in 24 of the 136 maps with one or two endocar
dial sites of origin, the onset of the main deflection at 
the endocardial breakthrough point was preceded by 
the recording in one or more balloon leads of small de
flections that the authors termed "presystolic activity"; 
in three VTs these deflections were detected at several 
sites and an endocardial route of propagation could be 
tentatively reconstructed; sometimes Purkinje spikes 
were recorded at the same sites during sinus rhythm 
and it was suggested that Purkinje fibers might have 
participated in the maintenance of VT in these in
stances. In addition, they also performed extensive 
mapping in two isolated, Langerdorff-perfused hearts, 
from patients with VT who underwent cardiac trans
plant. An intrascar route consisting of surviving my
ocardial fibers and electrically connecting areas of re
maining myocardium was also demonstrated in these 
two isolated Langerdorff-perfused hearts in which the 
activation wavefront, represented by small sharp de
flections, seemed to spread through a tract of surviving 
myocardial fibers over the infarcted zone; histologic 
studies in these hearts showed a continuous zone of vi
able myocardial fibers within the infarcted area con
necting remaining tissue (30). 

De Bakker et al. subsequently reported on their 
observations in 15 hearts from patients with chronic 
myocardial infarctions who underwent cardiac trans
plantation and were studied in a Langerdorff-perfused 
set up (31). Fifteen monomorphic sustained VTs were 
induced in nine hearts and endocardial and epicardial 
recordings were obtained in 10 VTs. In three VTs the 
earliest epicardial and endocardial activation was al
most simultaneous whereas in the remaining seven VTs 
the epicardial breakthrough was recorded ~20 ms after 
the earliest endocardial activation. This earliest site was 
located within 2 cm of the border of the infarct. The 
earliest and latest endocardial sites were connected 
through the scar tissue by bands of surviving myocar
dial fibers that at certain points in their course could be 
more than 5-7 mm deep in relation to the endocardial 
surface (see Fig. 4 in reference 31). These connecting 
tracts may run subendocardially, intramurally, and 
even subepicardially. In one heart the connecting tract 
seemed to be used orthodromically and antidromically 
in two morphologically distinct VTs. More than one 
tract of surviving tissue may transverse an infarct zone 



and connect the remaining healthy myocardium at ei
ther side of the scar. In hearts where the silent gap be
tween the earliest and latest endocardial activations 
lasted for more than 150 ms the orientation of the 
fibers of the connecting intrascar surviving bundles was 
perpendicular to the line between the two gap points, 
in contrast with a parallel fiber orientation found in 
hearts where the silent gap was in the range of 30 ms 
(31). In hearts in which the silent gap lasted between 60 
and 150 ms the orientation of the surviving fibers var
ied along the area of delay (31). 

In a third study, De Bakker et al. reported on their 
intraoperative endocardial mapping observations in 20 
patients with postmyocardial infarction VT in whom di
astolic potentials were recorded at three or more sites 
during at least one episode of sustained tachycardia 
(32). A total of 46 different sustained uniform VT were 
mapped and in all of them the endocardial activation 
spread centrifugally from a rather circumscribed area 
« 6 cm2; so called focal pattern). In 27 morphologically 
distinct VTs, diastolic potentials were recorded in three 
to 12 different endocardial sites (Table 3). The rest of 
their findings during endocardial mapping are also sum
marized in Table 3. The diastolic potentials started from 
sites of late activation of one VT beat and moved to
wards the area of earliest endocardial activation of the 
next cycle, further supporting the concept of a macro
reentry using isolated tracts of surviving tissue within 
the area of infarction and the remaining healthy my
ocardium (32). In several cases in this study the area 
with diastolic potentials during VT was very extensive, 
suggesting that the intrascar limb of the reentrant path
way can be wide or composed of several tracts or, at 
least in our opinion, that part of these diastolic poten
tials reflect deadend pathways also activated ortho
dromically but not contributing to the completion of the 
circus movement. Our latter argument might be sup
ported by the analysis of data shown by De Bakker et 
al. (Fig. 3 in reference 32) which suggests that, close to 
the site of entry of the activation wavefront into the 
compromised tissue, the area with diastolic potentials is 
wider than that at the border of the exit site (32). 

The group of Cain in Saint Louis provided further 
evidence of the complexity of VT in patients with an old 
myocardial infarction, suggesting that they can be due to 

Table 3. Findings during intraoperative endocardial mapping in 
postmyocardial infarction VT with a focal pattern of endocardial 
activation (32) 

Min Max Mean 

VT sites with DP 3 12 4.7 

Timing (ms) of earliest DP 
relative to endocardial ES 36 188 91 

Distance (cm) between the earliest 
DP and endocardial ES 0 8.5 4.2 

Time interval (ms) between latest 
endocardial activation and earliest DP 10 175 52 

Distance (em) between sites of latest 
activation and ES 0 4.8 2.1 

VT, ventricular tachycardia; DP, diastolic potentials; ES, exit site. 
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intramural reentry as well as to a focal mechanism that, 
on occasions, is subendocardially located (33). Their 
conclusions regarding the potential focal mechanism 
were based on the lack of continuous electric activity be
tween the end of one VT beat and the onset of the sub
sequent one during intramural three-dimensional high
density intraoperative mapping studies (39 needles with 
four pairs of electrodes each). This very impressive map
ping density is possibly not sufficient to exclude either 
microscopic bands (especially if they are subendocardial 
and tortuous since true endocardial mapping was not 
performed in this study) connecting the terminal por
tions of the QRS complex of the VT with the next beat 
or a reentry mechanism among structures contained 
within 1 cm2• These so-called focal VTs were also in
duced by programmed electrical stimulation; since 
chronic recurrent sustained VT rarely responds to vera
pamil (35), it is very unlikely that the focal tachycardias 
described by Pogwizd et al. (33) are due to triggered ac
tivity rather than to a form of reentry. Better document
ed, in our opinion, is the existence in the patients report
ed by Pogwizd et al. of intramural circuits that can incor
porate as a limb of the reentry pathway a subendocar
dial bond of surviving myocardium localized over the 
scar tissue while others lack this endocardial element 
(33). In some of their patients with multiple morphologi
cally distinct VT, both a macro-reentrant and a focal 
mechanism were identified (33). Pathologic examina
tions of the resected areas suggested that the structural 
factors leading to intramural reentry were: (a) a trans
verse fiber orientation relative to the spread of activa
tion resulting in slow conduction, (b) the presence of in
terstitial fibrosis also resulting in slowing of conduction 
velocity most likely due to myocyte uncoupling, ( c) the 
interface of peri-infarct region and adjacent, hyper
trophic, noninfarcted myocardium that was the plane of 
functional block and the site of exit of the VT, and (d) 
the scar tissue that was the site of fixed conduction 
block. In some cases the macro-reentrant intramural 
pathway could have a length of 14 cm. Also of interest 
are their pathologic findings in the two patients in whom 
the site of origin of the apparently focal VT was includ
ed in the resected tissue. In both instances the VT focus 
consisted of an extensively thickened and fibrotic suben
docardial tissue with strands of residual surviving suben
docardial muscular bundles and Purkinje fibers (33). 

Theoretical Considerations To Improve RFCA of VT 

The above studies suggest that in patients with an old 
myocardial infarction the development of VT is based 
on complex pathophysiologic mechanisms. Initial 
catheter mapping studies identified as the site of origin 
of VT the area where the earliest diastolic (presystolic) 
activity was recorded (5-7,26,36,37). This concept has 
to be abandoned; if the mechanism of VT is macro
reentry, the site of earliest presystolic activity (a) may 
or may not belong to the reentry pathway, or (b) if it is 
part of the area of slow conduction, its relation to the 
VT is the same as that of other elements of this tract 
that are activated subsequently in the tachycardia cycle. 

The traditional approach to perform catheter abla
tion of VT in patients with underlying structural heart 



disease was to identify the so-called area of slow con
duction (6, 11, 12-18). Application of RF current at 
sites with diastolic potentials has been shown to have a 
low predictive value for success (Table 2; 16). Many of 
these diastolic potentials can be related to deadend 
pathways or bystanders not contributing to the mecha
nism of VT. In this section we offer some preliminary 
views on our approach to VT ablation in patients with 
organic heart disease (42-44). 

I 

Significance of the Earliest Diastolic Potential 

From the discussion of the aforementioned intraopera
tive mapping studies it is evident that it is incorrect to 
consider as site of origin the endocardial zone at which 
the earliest diastolic potential is recorded. The earliest 
diastolic potential in patients with VT and structural 
heart disease, if it belongs to the tachycardia pathway, 
represents the activation of one of the most proximal 
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Fig. 1. Example of exit site in a patient with an incessant ventricular tachycardia (VT) in relation to a chronic anterior wall myocardial infarction 
with an anteroapical aneurysm. The vertical line was traced to signal the onset of the QRS complex in the surface l2-lead ECG during tachycar
dia. Note that the near DC unipolar recordings from the three distal probing electrodes (PE3, PE2, and PEl , respectively) show a QS-like nega
tive deflection whose onset preceded that of the QRS complex in V5 by 16 ms. The distal bipolar filtered (30-500 Hz) electrogram from the prob
ing electrode (PE 2-1) also shows presystolic activity. Application of radiofrequency (RF) current at this site resulted in interruption of VT that 
was noninducible for a few minutes. The location of the ablation catheter is shown in Fig. 2 (upper two panels). Note that the downslope of the 
QS unipolar waveform in lead PEl was relatively slow, thus indicating that the real exit site was at a certain distance (most likely intramurally in 
the septum). Successive applications at this site always resulted in termination of VT that could be reinduced after a few minutes. Extensive map
ping near this site did not disclose the presence of single or mUltiple sharp deflections preceding the QS in the unipolar recording 
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elements of the slow conducting limb of the circuit. Al
though this has not been studied systematically, some 
of the examples provided by De Bakker et al. (32) as 
well as theoretical considerations suggest that the ear
liest diastolic potentials have higher statistical chances 
of representing bystanders than presystolic sharp de
flections close to the exist site (see below). That this 
assumption is probably true is further suggested by the 
fact that application of DC current shock at these ear
liest sites was frequently ineffective (36-39). In the 
study by Stevenson et al. (16) sites resulting in VT ter
mination by RF current showed electrograms that 
were located close to the onset of the tachycardia QRS 
complex most of the time (either within the one third 
of the cycle preceding the QRS onset, at the onset, or 
immediately after the beginning of the QRS). 

Exit Site 

We define the exit site as the point at which the earli
est unipolar QS-like endocardial electrogram is 
recorded during catheter electrode mapping (Figs. 1-
4). When its initial downslope is fast, the earliest site is 
probably subendocardial; if the negative initial down-

slope is slow and we are in good contact with the endo
cardial surface, all the electric forces go away from the 
probing electrode, thus suggesting that we are over the 
scar tissue and that the earliest activation of the re
maining normal myocardium (the real exit site) is at a 
certain distance, either endocardially, intramurally, or 
epicardially (Figs. 1, 3, panel B). If after extensive 
catheter electrode mapping no unipolar QS-like elec
trogram with initial fast intrinsic deflections are found, 
the real exit point is most likely intramural or epicar
dial. 

Theoretically speaking, this exit site should be co
incidental with the onset of the QRS complex of the 
VT in the surface ECG. The QRS onset of VT is an es
sential reference for catheter electrode mapping to 
perform RFCA. The onset of the QRS during VT is 
not simultaneous in all 12 ECG leads so that the first 
task should be to look for the lead or leads showing 
the earliest QRS onset (Figs. 1, 3); these leads, rather 
than a standard group of ECG leads, should be used as 
a reference (V3, V4, and V5 in the example of Fig. 3). 
Stevenson et al. demonstrated that during pacing at 
left ventricular sites with normal electrograms, the ear
liest QRS could be detected as late as 40 ms after the 

Fig. 2. Same patient as in Fig. 1. Digital cine-fluorograms obtained in left anterior oblique (left panels) and right anterior oblique projections 
(right panels) . The upper two panels illustrate the po~ition of the ablation catheter at the site shown in Fig. 1. The catheter was placed at the mi
danteroseptal border of the aneurysm. As mentioned before, several applications of radiofrequency (RF) current at this site interrupted the 
ventricular tachycardia (VT) and made it noninducible for a variable number of minutes (depending on the duration of the RF pulse). [n the 
lower two panels we present the position of the ablation catheter at the site of permanent success (see also Figs. 3, 4). As it can be observed, 
particularly comparing both left anterior oblique projections (left panels) the permanently successful site was several centimeters away from the 
exit site, at the posterolateral border of the aneurysm 
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Fig. 3 A, B. Same patient as in Figs. 1, 2. A con
cealed entrainment or entrainment with concealed 
fusion at the site of successful ablation. Note that 
the QRS complexes during concealed entrainment 
are identical to those of the ventricular tachycar
dia (VT) in all 12 surface ECG leads. B Catheter 
electrode mapping at this site. Also note that a 
bipolar deflection was recorded from the distal 
pair of electrodes of the probing catheter (PE 2-1. 
see arrow). We present in B not only the unfil
tered (near DC. 0.1-500 Hz) unipolar recordings 
from PE3. PE2, and PEl but also the filtered (30-
500 Hz) unipolar recordings from electrodes 1 and 
2 (PE IF and PE 2F. respectively). The following 
observations are worth noting: (1) although the 
near-DC unipolar recordings also show a QS-like 
negative configuration. (a) the onset of this QS 
waveform does not precede the onset of the QRS 
complex in the surface ECG. (b) the initial nega
tivity of these QS unipolar waves is even slower 
than the one recorded at the site shown in Fig. 1. 
thus suggesting that we are even further from the 
exit point of this VT; (2) the sharpest spike 
recorded in lead PE 2-1 is mainly obtained from 
the distal ablating electrode (1) as pointed by the 
arrows in leads PE IF and PE 1 (3) the distance 
from this sharp spike to the onset of the QRS 
complex in the surface ECG was 190 ms (B). the 
same as the distance from the stimulus artifact to 
the onset of the QRS complex during concealed 
entrainment (A) 

Fig. 4. Same patient as in Figs. 1-3. Application of 
radiofrequency (RF) current at the site shown in 
Fig. 3 resulted in the interruption of ventricular 
tachycardia (VT) in less that 4 s. VT that clinically 
was incessant and after the initial ablation at
tempts over the septal exit site very easily in
ducible with straight ventricular pacing became 
noninducible with programmed ventricular stimu
lation from the right and left ventricles using up to 
four consecutive extrastimuli and has not recurred 
during a period of more than 4 months of follow
up with repeated Holter and exercise tests 



stimulus artifact (40). This indicates that the real exit 
site (according to our definition) should precede the 
onset of the QRS complex in the ECG (Fig. 1). 

Targets for RFCA: Subendocardial Surviving Isthmus 
Essential for the Maintenance ofVT 

The exit site has to be connected to a narrow isthmus 
of tissue within the compromised myocardium; this 
isthmus can be endocardial, intramural, or epicar
dial. For the aforementioned reasons, the closer to 
the exit site the lower the chances that this isthmus 
will represent a bystander. The second step, there
fore , is to look for fast , sharp deflections close to the 
area where the unipolar electrograms show QS-like, 
pre-QRS electrograms (Fig. 5). Absence of fast de
flections immediately preceding or coincidental with 
these QS-like unipolar electrograms can indicate an 
inappropriate mapping technique or that the distal 
connecting limb is not subendocardial (41) (Fig. 1). 
When these sharp potentials are found (usually some 
40-90 ms preceding the onset of the QRS in the sur
face ECG) and the VT morphology is reproduced in 
the 12 surface ECG leads (particularly if concealed 
entrainment is demonstrated) (Figs. 5, 6) application 
of RF current usually results in the immediate termi
nation of VT (Fig. 7). Some of these potentials are so 
sharp that they resemble Purkinje fiber depolariza
tions. It is well known that Purkinje fibers survive 

I I I I I 
94066 

the myocardial infarction; should some of these sur
viving Purkinje fibers participate as connecting 
bonds between the slow intrascar pathway and the 
healthy remaining myocardium, they will be the ideal 
targets for RFCA since nothing is more subendocar
dial and of a diameter susceptible to the lesions pro
duced by RF energy than a Purkinje bundle. Only 
occasionally have we been able to register at the site 
of successful VT ablation sharp potentials also pre
ceding the QRS onset during sinus rhythm, thus sug
gesting that they indeed represent activation of 
Purkinje fibers. 

As shown by Pogwizd et al. some macro-reentrant 
circuits responsible for VT can have only a subendo
cardial reflection and the rest of the reentry pathway 
an intramural course (33). This type of VT enables 
RFCA to be performed at points that are very distant 
from the so-called exit site. At the exit site no fast 
spikes are identified preceding the QRS onset, and, 
under these circumstances, isolated mid-diastolic sharp 
potentials representing surviving tissue that might be a 
link in the tachycardia pathway should be searched for 
(Fig. 3). The chances of damaging the normal my
ocardium by applying RF current at these sites are 
scanty since the underlying tissue (apart from the one 
generating the sharp deflections) is a noncontractile 
scar. RF current could be applied or pacing can be per
formed to demonstrate concealed entrainment (en
trainment with concealed fusion), a distance between 

I~------~~L-~--------__ ___ 

Fig. 5. Sharp bipolar deflections recorded preced
ing the onset of the QRS complex during ventricu
lar tachycardia (VT; this patient, who had an an
terolateral postinfarction aneurysm, had two addi
tional VTs ablated in the same session). Note that 
the unipolar electrograms of the distal two elec
trodes of the probing catheter (PE 2 and PE 1, re
spectively) present a QS-like configuration al
though the initial negativity that precedes the on
set of the QRS in the surface ECG shows a r ather 
slow downslope, thus suggesting that the exit site 
was most likely intramural. Preceding this negativ
ity multiple sharp spikes were recorded 
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Fig. 6. Same patient as in Fig. 5. Pace mapping at the ablation site reproduced the QRS complex of the ventricular tachycardia in the 12 
ECG leads 

the stimulus artifact, and the onset of the QRS com
plex similar «20 ms) to the time interval between the 
discrete mid-diastolic potential and the beginning of 
the next QRS of the VT, or a postpacing interval dur
ing entrainment with concealed fusion that is approxi
mately equal to the VT cycle length (Fig. 3; 16, 17, 45). 
Pacing should not be performed between electrodes 1 
and 2 but preferably between electrodes 1 and 4 or 
even better between the distal electrode (1) and an in
different electrode in the inferior vena cava (45). 

Additional Value of Unipolar Recordings 

The recording of these fast bipolar deflections does 
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not inform us about at which of the two exploring 
electrodes the deflection originates. Given the limit
ed extension of the RF lesion it is important that the 
fast deflection is present in the distal ablating elec
trode (Fig. 3). With conventional techniques for 
recording unipolar leads (either against the Wilson 
terminal or a reference electrode in the inferior vena 
cava or the patient's skin) the gain that can be used 
is relatively low due to a poor common mode rejec
tion. In this way it is difficult to identify low voltage 
deflections (Fig. 5). With bipolar recordings common 
mode rejection is improved and we can use higher 
gains so that low voltage deflections can be identified 
(Fig. 5). 
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Fig. 7. Same patient as in Figs. 5, 6. Application of radiofrequency current during ventricular tachycardia (VI) at the site shown in Fig. 5 result
ed in the immediate interruption of the VT that could not be reinduced subsequently 
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by the Implantable Cardioverter Defibrillator? 
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Introduction: Why the Controversy? 

The fact that the implantable cardioverter defibrillator 
(ICD) has reduced arrhythmic sudden death to about 
1 % per year is no longer contested. Irrefutable dra
matic evidence of this phenomenon comes from the 
stored electro grams, which have visually captured the 
interruptions of countless episodes of malignant sus
tained arrhythmias in thousands of patients. But these 
patients have sick hearts, and the question asked by 
some - and which we will address here - is whether 
this reduction in sudden death translates to an overall, 
meaningful benefit in overall survival. 

Implicit in questioning whether the ICD improves 
overall survival is the contention that the patient's 
mode of death is merely being converted from sudden 
to nonsudden death (1 ,2). This argument implies that 
the timing of the patient's actual demise, following the 
occurrence of life-saving ICD therapy, is essentially si
multaneous - or at the best a few days or weeks later. 
It is certainly true that patients with heart failure or 
cardiomyopathy often present with inconvertible ar
rhythmias as an end stage (Fig. 1). The major fallacy in 
the "converts mode of death" theory is that it pre
cludes the possibility of life-threatening ventricular 
tachycardia (VT) / ventricular fibrillation (VF) months 
and years prior to the terminal event, as illustrated in 
this example. This question is closely tied to patient se
lection for ICD therapy. Levine et al. demonstrated 
that NYHA Class IV patients survived barely a month 
following appropriate ICD shocks; whereas the "pro
longation" in life for the class I patients averaged 32.8 
months (3). Another problem with the "conversion" 
premise is that it overlooks the fact that most ICD re
cipients have their VT efficaciously interrupted by an
titachycardia pacing (ATP) before these stable VTs de
generate to the ultimate lethal arrhythmias. 

Evidence That the ICD Improves Survival 

The evidence that the ICD improves survival, as we 
will show, is ample from multiple investigations and 
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covering various patients populations; it has remained 
consistent from the earliest reports over a decade ago 
through more recent studies. In the early days of ICD 
therapy, Fogoros et al. examined the total survival of 
fifty patients with VT or VF who were syncopal during 
their arrhythmias and found nonresponsive to electro
physiologically (EP) guided antiarrhythmic drugs (4). 
Twenty-nine were treated with amiodarone and an 
ICD; but due to manufacturing problems during ap
proximately 1 year, 21 patients were discharged on 
amiodarone alone. The two cohorts were similar in 
terms of all the critical risk factors (age, left ventricular 
ejection fraction - LVEF, etc.). Actuarial analysis at 2 
years revealed 37% total mortality in the patients on 

Fig. 1. Holter recording of terminal arrhythmia for a patient im
planted 2 years earlier with an automatic implantable cardioverter 
defibrillator. The top of the tracing shows that ventricular flutter/ 
fibrillation subsisted despite four shocks from the device. During 
the preceding 2 years, the patient had received eight appropriate 
shocks, terminating similar rhythms. (Courtesy of Dr. R. Luceri, Ft. 
Lauderdale, FL, USA) 
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Fig. 2. Actuarial curves for freedom from overall mortality (top 
tracing) and from fast (presumably life-threatening) ventricular 
tachyarrhythmias (lower tracing) for 183 patients implanted with 
ICDs. Fast VTIVF, ventricular tachycardia/fibrillation at rates ex
ceeding 240 bpm, and confirmed by device electrograms and/or R
R interval counters to be of ventricular origin and sustained. 
(Courtesy of D. M. Block, Munster, Germany) 

amiodarone alone compared to 5% in the apparently 
matched ICD cohort. Importantly, the actuarial rate of 
appropriate shocks in the ICD group was nearly coin
cident with the actual rate of deaths in the amiodarone 
group! In the mid-1980s Newman et a1. initiated a 
"matched case control" study in which the survival of 
60 patients receiving ICDs was compared to 120 equal
ly matched patients who received amiodarone (5). The 
3-year actuarial analysis revealed 31 % lower mortality 
(p $. .01) in the ICD cohort. Bocker and coworkers (6) 
carried out one of the most scientifically rigorous stud
ies: they restricted their analysis to consecutive pa
tients receiving exclusively third-generation ICDs hav
ing stored electrograms and/or R-R interval counters, 
and they defined their endpoint for probable death as 
sustained VTNF at rates> 240 BPM. In an update of 
that report (M. Block, personal communication), now 
through 2 years and covering 183 patients, their actuar
ial analysis found 8% total mortality at 24 months, ver
sus 27% projected on the basis of these rapid sus
tained episodes of VTNF (Fig. 2). In response to the 
converts mode of death argument, these investiga
tors explicitly pointed out that their patients were 
not dying within a short time following the conver
sion by the ICD of these life-threatening rhythms. 
Schlepper et aI., using an almost identical study de
sign (VT > 230 BPM + electrogram verification), 
reached similar conclusions in their series of 167 pa
tients, followed up over 5 years (7). 

In yet another major study, CASCADE (Cardiac 
Arrest in Seattle: Conventional versus Amiodarone 
Drug Evaluation), analysis of the early results versus 
those published later is very revealing (8,9). In the 
initial report, the patient generally did not get im
plantable defibrillators, and the authors reported 
17% cardiac arrest at 1 year and 35% at 3 years. Due 
to this unacceptably high mortality, the investigators 
changed the study design so that most subsequent pa
tients received ICDs. They conluded, "Future studies 
should concentrate on the success of amiodarone 
treatment compared with placebo in patients who 
have an implanted cardioverter/defibrillator in whom 
it would be ethical to withhold drug treatment" (9). 
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Powell et a1. retrospectively analyzed the long-term 
outcome of 331 cardiac arrest survivors treated at two 
U.S. institutions, one on the east coast and the other 
on the west coast (10). One hundred eighty-one re
ceived EP-guided drug therapy, the remaining 150 re
ceived ICDs - usually as a result of no effective drug 
being found. Not unexpectedly, the drug cohort 
seemed to represent a significantly lower risk profile, 
with a mean EF of .45 versus .35 for the ICD group (p 
<.0001); pulmonary wedge pressure was 12.7 mmH in 
the ICD patients versus 9.4 in the antiarrhythmic 
drug group (p < .0002), and 22% of patients were 
revascularized in the ICD group versus 37% in the 
patients on drug therapy (p < .0001). Nevertheless, 
the overall survival was 74% in the ICD patients ver
sus 63% in the drug cohort. The authors declared, 
"Despite this bias and the anticipated increase in non 
sudden cardiac deaths due to pump dysfunction in de
fibrillator recipients, a reduction in total mortality was 
observed in the defibrillator group". This same study 
is very enlightening for the question of patient selec
tion: in patients with EF > 40%, drugs did just as well 
as the ICD through 3 years (actuarial), and it was on
ly at 5 years that the ICD showed significantly better 
survival, 96% versus 82%. (The authors speculated 
that this higher mortality in the drug cohort was due 
to late drug failure or change of substrate.) On the 
other hand, in the poor EF group (EF < 40%), the 
better survival for the ICD group was manifest early 
and throughout the follow-up: 94% versus 86% at 1 
year, 64% versus 43% at 5 years. 

Hypothesis: The ICD Does Not Prolong Life 

Let us examine this contrary hypothesis, on the basis 
of available data. 

Evidence from Electrograms 

Looking at electro grams of a sustained, extremely 
rapid VT in a patient with compromised left ventricu
lar function (L VF), this would mean that this patient 
would have survived that (and possibly many similar) 
episodes without the JCD, or that the ICD truly mo
mentarily saved the patient from sudden cardiac death, 
but he would go on to die with no meaningful exten
sion of his life. 

Clinical experience does not support either of 
these conclusions. 

Comparing Survival of Patients With and Without 
Shocks 

Multiple series [Myerburg (11), Mehta (12), Levine 
(13), and others] show 50%+ of their patients receiving 
appropriate shocks, and that these shocked patients 
have the same survival as the remaining nons hocked 
patients. There were no significant differences in the 
risk profiles (LVEF, etc.) between those who received 
shocks compared to those who did not. Those who 
died in the latter group succumbed of "natural" causes, 
i.e., the ICD played no role. So did the shocked pa
tients, but in their case later, due to the ICD prevent-



ing premature arrhythmic deaths. Are we to believe 
that the shocks responding to and quickly terminating 
(often multiple) episodes of VTIVF contributed noth
ing to allowing these patients to live out their life until 
congestive heart failure (CHF) took over? Is it not 
much more plausible to accept that the shocks ended 
these electrical cardiac accidents, for many patients on 
numerous occasions, and prolonged their lives from 
date of shock to death? 

Patients with Extremely Rapid, Sustained VTslVFs 

Looking at Bocker's study (6; documented sustained 
VT > 240 BPM = death), would these patients have 
achieved 92% survival through 2 years in the absence 
of these shocks? This is highly unlikely. Furthermore, 
their survival aftershock was not hours or days, but 
rather months or years; nearly all were still alive at 24 
months! These results are further supported by Schlep
per et al.'s similar study, which showed 85% of their 
patients still alive at 5 years (7). 

Retrospective Studies 

Powell et al. (10) reported for patients with EF ;? 40% 
that the survival of lCD-treated patients was 96% at 5 
years, compared to 82% for drug-treated patients. For 
the EF < 40%, survival for ICD compared to drug
treated patients was 94% versus 86% at 1 year and 
64% versus 43% at 5 years. Why this difference? If the 
ICD was not the reason, was the higher mortality due 
to the drugs? (But these were precisely the drugs 
which had rendered these patients' previously in
ducible VTs non-inducible!) 

Prospective Randomized Study 

A very recently published study by Wever et al. dra
matically reinforces all the above findings (13). Sixty 
patients resuscitated from cardiac arrest were random
ized to ICD versus "conventional" therapy. The results 
showed ICD patients with 13% overall mortality at 2 
year follow-up, compared to 35% for the drug cohort. 
The authors emphasized that, while amiodarone was 
only used in two patients, it is highly improbable -
based on their own and others' experience with that 
drug - that this factor would have significantly 
changed the final outcome. 

Table 1. Hypothetical mortality rates' (%, for actuarial 2 years) 
(Potential scenario for enrollment in the AVID study) 

Discussion 

There are many other studies with similar results. Im
portantly, there are no studies showing the contrary 
though some (usually from early series with high rates 
of peri operative mortality) show less relative benefit 
for the patient receiving an ICD (1,14). Skeptics point 
to the lack of a controlled randomized study as lack of 
substantial evidence that the ICD prolongs survival 
(2,15). (The same could be said, by the way, about car
diac pacemakers, penicillin, radiofrequency ablation 
for Wolff-Parkinson-White syndrome, and a multitude 
of well-established medical therapies ... ) The problems 
with a randomized study of the ICD in patients with 
previous cardiac arrest or syncopal VT have been well 
elucidated in recent editorials by Fogoros (16) and 
Sweeney and Ruskin (17). The latter article pointed 
out that a study designed to prove that ICDs improve 
survival (e.g., versus amiodarone) would - in patients 
with well-preserved LVF - likely require 1000 or so 
patients and up to 5 years of follow-up! At the other 
extreme, the indiscriminate (for that is exactly what a 
randomized trial requires) implantation of ICDs in pa
tients with very poor L VF would give the ICD very lit
tle chance to show benefit, since such patients' com
peting risk of dying from heart failure predominates. 
ICD implantation would be contraindicated in such 
patients at most institutions. 

There is ample opportunity for both these types of 
selection bias to enter any such trial (including, of 
course AVID (antiarrythmic drugs versus implantable 
defibrillator) (18). Imagine that one third of the 1200 
patients to be enrolled in AVID belong to the low
risk category, a second third to the category charac
terized by high risk of CHF death, and the remaining 
third representative of a typical ICD cohort. Table 1 
projects our estimates of 2-year actuarial mortality 
rates for these three groups. (The nonsudden death 
rate, especially for group B, is projected as higher for 
ICD patients, a phenomenon observed in many se
ries, and one which reflects the fact that, as these pa
tients are "saved" from sudden death, their risk for 
CHF death augments over time.) For all 1200 pa
tients, the lCD's superiority is "only" 17.6%, well un
der the objective set by AVID to demonstrate statis
tical significance. Furthermore, if some patients 
"cross over" to ICD therapy following VT recur
rences on amiodarone or sotalol, their subsequent 

A (n = 400) B (n = 400) C (n = 400) All (n = 1200) 
Causes of death Drugs rCD Drugs ICD 

SCD 5 13 4 
Cardiac + other 
non-SCD 9 10 27 33 
Total mortality 14 11 40 37 

ICD better by (%) 21.4 7.5 

A, low-risk; e.g., noninducible (baseline) and good left ventricular function; 
B, enrolled patients with high comorbidity, e.g., high risk of death from heart failure; 
C, typical, current ICD population; 
TCD, implantable cardioverter defibrillator; SCD, sudden cardiac death 
, Influence of crossovers not reflected in these projections. 
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Drugs ICD Drugs ICD 

12 2 10 2.3 

19 20 18.3 21.0 
31 22 28.3 23.3 

29 17.6 



protection (by the ICD) will continue to be attributed 
to the drugs, on the "intention-to-treat" analysis. This 
would in effect lower the sudden cardiac death rate, 
hence the overall mortality rate, of the drug cohort, 
thus further diminishing the ICD advantage. Group 
C, which we have designated as typical ICD patients 
today, shows a good improvement, 29%, but the sam
ple size would probably be insufficient to make this 
statistically significant. 

Concern about patient selection bias is precisely 
the reason why the investigators have instituted a "reg
istry". Unfortunately, there are multiple ways for eligi
ble patients to bypass the registry; furthermore, once 
the study results come out, even if the registry should 
show that the patients entered are not necessarily rep
resentative of most current ICD candidates, it will be 
very difficult to change people's initial perceptions, 
particularly administration and third-party payers, who 
will be less interested in the fine print. 

Conclusions 

As the near elimination of sudden death by the ICD is 
undisputed, the question "does ICD prolong life?" re
ally implies that ICD therapy simply converts pa
tients' mode of death from sudden to nonsudden (e.g., 
CHF), with little or no extension of life. This conver
sion theory is refuted by multiple reports, showing 
that death imminently following successful ICD thera
py is rare and by the fact that patients who do receive 
shocks live just as long as those free of VT/VF, imply
ing (strongly) that the ICD simply eradicated these 
premature causes of death, allowing the patient to live 
out his or her life. 

Furthermore, this theory overlooks the role of 
ATP therapy in preventing the degeneration of stable 
VT into polymorphic VT or VF. The A VID study 
runs a considerable possibility of patient selection 
bias, by enrolling low-risk patients often well protect
ed by drugs and, at the other extreme, those with sig
nificant competing CHF risk. This bias, combined 
with patients crossing over from drugs to ICDs, 
makes it unlikely for ICD therapy to show benefit. 
Unfortunately, the study is not sufficiently powered 
to demonstrate which, if any, specific subgroups do 
benefit from the ICD. In summary, there is over
whelming clinical evidence, from multiple sources, 
demonstrating that the ICD prolongs life in appropri
ately selected patients. It does so by preventing sud
den death and often by terminating arrhythmias 
which would lead to cardiac arrest. The degree of the 
lCD's contribution to survival depends largely on pa
tient selection. Questions concerning quality of life, 
cost-effectiveness, role of concomitant drug or abla
tive therapy, the lCD's role in prophylaxis, and many 
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others are legitimate questions which warrant ongo
ing and future research efforts. 
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What Are the Acute and Long-Term Results of Transvenous 
Implantable Cardioverter Defibrillators? 

G. Gasparini, A. Raviele, and S. Themistoclakis 

for the Italian Endotak Investigator Group* 

Divisione di Cardiologia, Ospedale Umberto I, Mestre-Venice, Italy 

The clinical experience with implantable cardioverter 
defibrillators (ICD) has been limited for many years 
almost exclusively to devices requiring thoracotomy 
for placement of one or more epicardial electrodes. 
This has generated a significant perioperative mortal
ity and morbidity (1,2) and has reduced the wide
spread clinical application of such a therapy. In the last 
few years, different transvenous systems have been de
veloped and introduced into clinical practice (3-12). 
One of these systems (Endotak, CPI, St Paul, MN, 
USA) has been extensively evaluated in Italy since 
1990 by means of a multicenter trial (37 centers). In 
this paper the results of this trial are reported. 

Methods 

Between October 1990 and July 1994 a total of 307 pa
tients were enrolled by the 37 participating centers in 
the Italian Endotak multicenter trial. The indications 
for ICD implantation were: (a) documented cardiac 
arrest due to ventricular tachyarrhythmia unrelated to 
transient or reversible clinical events; (b) sustained 
ventricular tachycardia either spontaneously recurring 
or still inducible despite drug therapy. 

The CPI Endotak lead system, which has been de
scribed in previous reports (3-7, 10, 12), consists of an 
endocardial electrode catheter (Endotak C), a subcu
taneous/submuscolar patch electrode (Endotak SO), 
or a subcutaneous lead array (SO array) and a connec
tor (Endotak Y). The pulse generators used in this tri
al were the CPI Ventak models (P, n, PRX, PRX2). 
The implantation procedure has been extensively de
scribed in previous papers (3-5, 13). 

The defibrillation threshold (DFT; defined as the 
lowest converting energy) was established provided 
that the clinical condition of the patient was sufficient
ly stable to allow it. Otherwise, only the capability of 
the implanting system to defibrillate with a safety mar
gin (at least 10 J less than the maximum power of the 

* The list of investigators is reported in the Appendix of the original 
work published in PACE (1995) 18:599-608. 
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ICD) was assessed. Initial defibrillation attempts were 
with 20 J. If ventricular fibrillation was successfully 
interrupted with this energy, termination was then at
tempted at progressively lower energies with 5-J reduc
tions until the first failure occurred. Successful conver
sion at 5 J was generally accepted without further at
tempts. If the first shock at 20 J failed, the endocardial 
electrode was repositioned andlor the SO patch or SO 
array was inserted to test different lead configurations 
and to lower the DFT. A lead configuration was consid
ered to be appropriate for permanent implantation if at 
least one successful conversion occurred at 20 J with a 
30-J pulse generator (Ventak P) or if at least one suc
cessful conversion occurred at 25 J with a 35-J pulse 
generator (Ventak n, PRX, PRX2). In the case ofDFT 
with an inadequate safety margin (less than 10 J) the de
cision to definitively implant the system with an endo
cardial approach was left to the implanting physician. 

In most patients prior to hospital discharge and/or 
8-12 weeks after implantation, the ability of the im
planted system to correctly sense and to convert ven
tricular fibrillation was tested in the electrophysiology 
laboratory. Subsequently, follow-up outpatient visits 
were scheduled every 2 - 3 months. 

Definition of Terms 

The terms involved were defined as followed: periop
erative mortality, death from any cause within 30 days 
after ICD implantation; sudden cardiac death mortali
ty, instantaneous (within 5 min from the onset of 
symptoms) or unwitnessed death, usually during 
sleep; non-sudden cardiac death mortality, witnessed 
death determined to be cardiac in nature and occur
ring not instantaneously; cardiac death mortality, sud
den and non sudden cardiac deaths; total mortality, 
deaths from all causes; appropriate JeD shocks, 
shocks associated with documented ventricular tachy
arrhythmia or those that were preceded by symptoms 
of severe dizziness, presyncope or syncope; inappro
priate shocks, shocks associated with documented 
supraventricular tachyarrhythmias or sinus tachycardia 
or those that were not preceded by specific symptoms. 



Statistics 

The data are presented as mean values ± SD unless 
otherwise specified. Life table analysis and actuarial 
analysis were performed using the Kaplan-Meier 
method. Differences in continuous variables were 
computed by means of the Wilcoxon test, and groups 
were compared by means of the chi-square test. Mul
tivariate analysis was performed using logistic regres
sion analysis with the method of backward regres
sion. 

Differences were considered statistically signifi
cant at p < 0.05. 

Results 

The clinical characteristics of the patient population 
are summarized in Table 1. Chronic ischemic heart 
disease was present in 205 patients (66.5%). The 
mean left ventricular ejection fraction was 33.3 ± 
12.7% (range, 10% - 81 %). The presenting arrhyth
mia was ventricular tachycardia in 172 cases (56%), 
ventricular fibrillation in 130 (42.5 % ), and unknown 
in five (1.5%). Each patient underwent a mean of 
2.0±1.2 (range, 0 - 6) unsuccessful drug trials before 
ICD implantation. At least one pharmacologic agent 
was tested in 251 of 278 (90%) patients in whom data 
on drug therapy were available. Amiodarone was 
tested in the majority of these cases (237 of 278, 
85%). 

A total of 112 patients (36.5%) received a pulse 
generator capable of delivering monophasic shocks 
(models Ventak P and PRX) and 195 (63.5%) a pulse 
generator capable of delivering biphasic shocks (mod
els Ventak P2 and PRX2). In 216 patients (73%) the 
implanted device did not have antitachycardia pacing 
capability (models Ventak P and P2) and in 91 (27%) 
it did (models Ventak PRX and PRX2). 

Table 1. Clinical characteristics of patients (n = 307) 

Characteristics Patients 
(n) (%) 

Men 267 87.0 
Women 40 13.0 
Organic heart disease 305 99.3 

Coronary artery disease 205 66.5 
Dilated cardiomyopathy 64 21.0 
Hypertrophic cardiomyopathy 5 1.6 
Arrhythmogenic RVD 14 4.6 
Other heart disease 17 5.6 

Presenting arrhythmia 
Sustained ventricular tachycardia 172 56.0 
Syncopal 120 39.0 
Not syncopal 52 17.0 
Ventricular fibrillation 130 42.5 
Not reported 5 1.5 

Inducibility at baseline EPS 245/279 88.0 
Refractory to drugs 251/278 90.0 
Amiodarone therapy 2371278 85.0 

The mean age was 57.5 years, the mean left ventricular ejection 
fraction (LVEF) was 33.3%, and the mean number of drug trials 
was two. 
EPS, electrophysiologic study; RVD: right ventricular dysplasia. 
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Transvenous lead system implantation was done 
in 306 of the 307 patients (99.7%). The mean DFT for 
all 307 patients was 16.9 ± 5.7 J. The DFT (stepwise 
reduction until failure) was determined in 133 pa
tients (43 %). The mean value of DFT was significant
ly lower in patients that received biphasic shocks than 
in patients that received monophasic shocks (15.3 ± 
5.2 J versus 19.6 ± 5.4 J; P < 0.0001). The remaining 
173 patients (57%) were implanted with the Endotak 
system without assessing the DFT. All of them had 
ventricular fibrillation induced and successfully inter
rupted at least once at 20-25 J. The DFT showed a 
safety margin of at least 10 J vis-a-vis the maximum 
power of the ICD in 287 of the 307 patients (93.5%). 
The percentage of subjects that had a safety margin 
of ten or more was significantly higher among pa
tients tested with biphasic than with monophasic 
shocks (192 of 195, 98% versus 95 of 112, 85%; P < 
0.0001). Nineteen patients (6.2%) had an inadequate 
safety margin (i.e., less than 10 J). All of these 19 pa
tients were definitively implanted with the Endotak 
system. In one patient (0.3 %) the DFT exceeded the 
maximum power of the ICD; in this patient a mixed 
approach was utilized, consisting in the implantation 
of an epicardial patch in conjunction with the endo
cardial catheter. 

Apart from a monophasic morphology of wave
form shock, other variables were associated with a low 
safety margin, as reported in Table 2. 

Among the 306 patients that finally received the 
Endotak system, lead configuration 3 was implanted in 
164 (53%), lead configuration 2 in 134 (44%), and lead 
configuration 1 in four (1.3%). In four patients (1.3%) 
the type of configuration used was not reported. The 
percentage of subjects in whom an endocardial lead 
without the need for an SQ patch or SQ array (config
uration 3) was 81 % (158 of 195) in patients whose 
pulse generator was capable of delivering biphasic 
shocks. 

The implanted defibrillation system was retested 
before hospital discharge and after 2-3 months of fol
low-up in 141 (46%) and 51 (17%) patients, respec
tively. In all patients the induced ventricular fibrilla
tion was correctly sensed and terminated by the ICD. 

No perioperative deaths occurred. Thirty patients 
(9.9%) developed early complications within a 30-day 

Table 2. Factors associated with a high defibrillation threshold 
(DFT) at implantation 

Monophasic shock (%)* 
NYHA class higher than 2 (% )** 
Mean LVEF (% )*** 
Mean number of drugs tested*** 
VF as presenting Arrhythmia (%)** 

Patients 
with DFT 
:0; 20-25 J 
(n = 287) 

33 
22 
34 ± 13 
2.2 ± 1.2 
40 

Patients 
withDFT 
> 20-25 J 
(n = 20) 

85 
47 
29 ± 14 
1.4 ± 1.0 
63 

DFT, defibrillation threshold; LVEF, left ventricular ejection frac
tion; NYHA, New York Heart Association; VF, ventricular fibrilla
tion. 
* p < 0.0001 (univariate and multivariate) 
** p < 0.05 (univariate);p < 0.01 (multivariate) 
*** p < 0.05 (univariate);p, not significant (multivariate) 



interval after ICD implantation (Table 3). Eight of 
these patients (2.7%) required surgical intervention. 

Complete follow-up data are available for 271 pa
tients. A total of 146 of these patients (54 %) were dis
charged from the hospital on antiarrhythmic drug ther
apy. 

The mean duration of follow-up was 14.5 ± 10.2 
months (range, 1 - 38 months). During this period 
(Table 4), 30 patients (11 %) died, six (2.2%) from sud
den cardiac death, 21 (7.7%) from non-sudden cardiac 
death, and three (1.1 %) from a noncardiac death. As 
shown in Table 5, the cumulative probability of sur
vival at 12 and 36 months of follow-up was 98% and 
96% for sudden death, 91.2% and 82% for cardiac 
death, and 90% and 80% for total death, respectively. 
Patients who died from a cardiac cause were signifi
cantly older than the remaining patients (mean age, 
64.2 ± 9.0 years versus 56.8 ± 13.4 years, respectively; p 
< 0.0001). Moreover, they had a lower left ventricular 
ejection fraction (29.8 ± 12% versus 34.1 ± 13%; p < 
0.05) and higher NYHA functional class (p < 0.01). 

During the follow-up period, 157 patients (58%) re
ceived at least one spontaneous shock (range, one to 
290 shocks; mean, 13.3 shocks per patient). The shocks 
were considered appropriate in 74% of the episodes and 
inappropriate in 26%. A total of 94 patients (60%) re
ceived only appropriate shocks, 17 (11 %) only inappro
priate shocks and 46 (29%) both appropriate and inap
propriate shocks. The mean time to the first appropriate 
shock was 4.4 ± 5.1 months (range, 0 - 30 months). By 
life-table analysis (Table 5), the cumulative incidence of 
first appropriate shock occurrence was 57% and 72% at 
12 and 36 months of follow-up and that of first inappro
priate shock occurrence, 31 % and 38% at the same time 
intervals, respectively. A left ventricular ejection frac
tion greater than 30% and a higher NYHA functional 
class were both predictive of an high recurrence rate of 
appropriate shocks (p < 0.05 and p < 0.001, respective-

Table 3. Early complications after implantable cardioverter defib
rillator (ICD) implant (within 30-day interval) 

Patients 
(n) (%) 

Cerebrovascular accident 2 
Pulmonary embolism 1 
Pneumothorax 3 
Paralytic ileum 2 
Pocket infection' 4 
Pocket hematomab 9 
Lead dislodgment' 9 

'Requiring ICD explantation in two patients (0.7%). 
bRequiring surgical revision in one patient (0.3%). 
'Requiring lead repositioning in five patients (1.7%). 

0.7 
0.3 
1.0 
0.7 
1.3 
2.9 
2.9 

Table 4. Patient mortality (271 patients with complete follow-up 
data) 

Patients 
(n) (%) 

Perioperative mortality 0 0 
Sudden death 6 2.2 
Cardiac death 21 7.7 
Noncardiac death 3 1.1 
Total death 30 11 
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ly). Patients with inappropriate shocks were taking an
tiarrhythmic drugs more frequently than the remaining 
patients (70% versus 49%,p < 0.05). 

Late complications occurred in 14 patients (5.1 %) 
(Table 6). Twelve of these patients (4.4%) required 
surgical intervention. Interestingly, the lead insulation 
break, always responsible for oversensing problems 
and inappropriate shocks, occurred at the level of the 
abdominal pocket, where the yoke joins with the con
nectors, in five patients (2.0%) and at the level of sub
clavicular area where the clavicle crosses the first rib in 
one patient (0.3%). The mean time between ICD im
plant and lead insulation break was 17.8 ± 6.0 months 
(range, 11- 30 months). 

The 19 patients that were definitively implanted 
with the Endotak system, despite the DFT showing an 
inadequate safety margin at implantation, had a signif
icantly higher incidence of cardiac death during the 
follow-up compared to the remaining patients (25% 
versus 8.7%, p < 0.05). In contrast, sudden death mor
tality and appropriate and inappropriate shock occur
rence rates were similar in the two groups of patients. 

Conclusion 

In summary the main findings of the present study are 
the following: 

1. The Endotak lead system is permanently im
plantable with an adequate safety margin in 93.5% of 
cases; implantation is possible with an endocardial lead 
alone without the need for an additional SQ patch or 
SQ array in 53 % of cases. These values increase to 
98% and 81 %, respectively, when a device capable of 
delivering a biphasic shock is used. 

Table 5. Kaplan-Meier actuarial event-free rates (%) 

6 
month 

Sudden death 98 
Cardiac death 95.6 
Total death 94.6 
Appropriate shock 47 
Inappropriate shock 73 
Any shock 43 

Table 6. Late complications' 

Superior vena cava thrombosis 
Pocket infectionb 
Lead dislodgment' 
Sensing pin disconnection' 
Lead insulation break' 

12 
month 

98 
91.2 
90 
43 
69 
37 

24 36 
month month 

96 96 
82 82 
80 80 
34 28 
62 62 
28 23 

Patients 
(n) (%) 

2 
2 
2 
2 
6 

0.7 
0.7 
0.7 
0.7 
2.3 

One month or more after implantable cardioverter defibrillator 
(ICD) implantation. 

b Requiring ICD explantation in both. 
Requiring lead repositioning in both. 

, Requiring ICD replacement in both. 
Requiring Endotak lead repair in one patient (0.3 %), insertion 
of a second endocardial lead for sensing in four patients (1.4%), 
and Endotak lead removal and epicardial leads and patches 
placement in one patient (0.3%). 



2. The implantation is not associated with periop
erative mortality, and the incidence of early complica
tions is small (about 10%). 

3. The clinical outcome of the implanted patients 
is satisfactory. The 1- and 3-year actuarial incidences 
of sudden death are 2% and 4%, respectively, and that 
of total death 10% and 20%, respectively. 

4. The long-term efficacy and reliability of the sys
tem is good, with a high cumulative recurrence rate of 
appropriate shocks (57% and 72% at 1 and 3 years, re
spectively) and a relatively low incidence of ICD relat
ed problems. 

In conclusion, the results of this study show that 
the CPI Endotak lead system may be implanted with a 
good safety margin and utilizing only the endocardial 
lead in almost all patients, provided that a device capa
ble of delivering a biphasic shock is used. Implantation 
is safe, easy, and not complicated by major problems. 
The long-term performance, efficacy, and reliability of 
the system is good, with a relatively low incidence of 
sudden death, cardiac death, and total mortality. Late 
complications are rare, and the integrity of the system 
seems to remain unchanged during a relatively long 
period of time in the vast majority of patients. 
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Multiple reports from different institutions around the 
world have definitively demonstrated the efficacy of 
implantable cardioverter defibrillator (ICD) in the 
treatment of malignant ventricular tachyarrhythmias 
and in the prevention of sudden cardiac death. Despite 
efforts to reduce defibrillator size and defibrillation 
threshold while continuing to provide more sophisti
cated tiered therapy, inappropriate ICD discharges re
main a relatively frequent clinical problem; in fact, it 
has been reported that about one-third of all shocks 
are delivered for reasons other than ventricular tach
yarrhythmias. Frequent ICD shocks can cause pain 
and may impair ventricular function and quality-of-life 
of patients with an ICD. Repetitive activations may al
so determine early battery depeletion or finally be 
pro arrhythmic (1) and even fatal (2). 

Diagnosis of inappropriate ICD disharge is based 
on (a) the documentation of a delivered shock and on 
(b) the demonstration of the cardiac rhythm, which by 
definition should not be a sustained episode of ventric
ular tachycardia (VT) or fibrillation (VF) before or 
during the ICD discharge. Until recently, the diagnosis 
of inappropriate shocks has mainly been made on the 
basis of clinical symptoms; however, several reports 
have demonstrated that symptoms are not reliable ei
ther for identifying the type of arrhythmia or for quali
fying the appropriateness of ICD discharge (3, 4). 
Thus, there have been cases of ICD patients imagining 
or dreaming of shocks that never took place (5). A dif
ficult clinical question is the significance of an ICD dis
charge in an asymptomatic patient - which by no 
means is proof that the shock was inappropriate, since 
it is well known that up to 30% of "inappropriately" 
delivered shocks are subsequently validated as appro
priate by means of stored intracardiac electrograms 
(IEGM) (6, 7). The clinical history - whether the pa
tient received single discharges or repetitive shocks 
over a few hours - can often lead to a correct diagno
sis. The occurrence of single shocks is typical of ICD 
discharges for VT, whereas repetitive shocks often in
dicate inappropriate shocks. However, exceptions to 
this rule exist; incessant VT, or recurrent VT, due to 
electrolyte imbalance, ischemia, pro arrhythmic effects 
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of an antiarrhythmic drug, or worsening of congestive 
heart failure could continuously trigger the device, ap
pearing as repetitive firing, thus simulating an episode 
of supraventricular arrhythmias. 

It is largely accepted that symptoms such as palpi
tation, dizziness, or even pre syncope are less specific 
and less sensitive for ventricular tachyarrhythmias, oc
curring with similar frequency during supraventricular 
as well as ventricular arrhythmias (6, 7). Unlike these 
"classical" symptoms of arrhythmias (i.e., palpitation, 
dizziness, etc.), we recently reported that the sudden 
onset of a warm feeling arising from the epigastrum 
and/or a generalized "hot flush" is more frequently as
sociated with ventricular tachyarrhythmias (6). Be
cause of the lack of correlation between symptoms and 
sustained VT or VF, the implication is that for the di
agnosis of inappropriate shocks an electrocardiogram 
(ECG) documentation at the time of ICD discharges is 
absolutely necessary. 

Until the recent introduction of stored IEGM, in
appropriate ICD therapy was occasionally documented 
by fortuitous ECG recordings at the time of ICD dis
charge. The telemetry for most current lCD, provides 
detailed therapy information as well as IEGM preceding 
and leading up to the shock (Fig. 1). Once it is clear 
that shocks have occurred, it is necessary to deter
mine their etiology. The use of IEGM has considerably 

Sinus Rhythm (98 bpm) + Rate (240 bpm) > Cutoff (195 bpm) , 

~~ C Reconflrmationl 
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Fig. 1. Intracardiac stored electrogram recorded in a patient affect
ed by a dilatative cardiomyopathy, resuscitated from a cardiac ar
rest and implanted with a two-zone device (Ventak P2, CPI). The 
device was triggered by a spontaneous episode of sustained ventric
ular monomorphic tachycardia (240 bpm) which was terminated by 
a single shock at 15 J 



enhanced the diagnostic process and helped in trou
bleshooting. 

Two different modalities of IEGM recordings 
have been implemented in the most recent generation 
of devices: the "far-field" IEGM recorded from endo
cardial shock lead (Fig. 1) and the short rate-sensing 
bipolar IEGM (Fig. 2). The far-field IEGM, provide 
clearer recordings of the atrial and ventricular rela
tionship than the short rate-sensing bipolar IEGM, and 
are more sensitive and specific, thus more helpful, for 
determining the appropriateness of ICD therapy (8). 
Additional differences and advantages of each system 
have been extensively discussed elsewhere and are be
yond the scope of this chapter (9). 

Possible causes of inappropriate ICD discharge 
are listed in Table 1; they can be categorized by (a) 
problems of the discrimination algorithm, (b) prob
lems of detection algorithm, or (c) hardware problems. 
Among the three, discrimination algorithm has been 
most frequently reported as the cause of inappropriate 
ICD discharge. 

Discrimination Algorithm 

Inappropriate detection of atrial fibrillation and sinus 
tachycardia is still a significant problem even in the 
third-generation devices with antitachycardia pacing 
(ATP). With slower VT, the probability of rate over
lap between the target rate of VT and supraventricular 
arrhythmias is quite common. Cardioversion may in
duce atrial fibrillation, which may in turn be detected 
as VT and then treated by pacing or direct current 
(DC) shock, with the risk of reinitiating VT or even 
VF. Such repetitive cycles have been reported and may 
have a fatal outcome. Among the causes of inappropri
ate shocks, sinus tachycardia occurs in about 9% of pa
tients (10); it occurs most commonly in patients with 
slow VT due to overlap between the lowest pro
grammed zone of therapy and the maximum sinus 
heart rate. Since A TP schemes are frequently used in 
the lowest zone, sinus tachycardia could trigger A TP 
leading to VT or VF. Inappropriate shocks for sinus 
tachycardia have also been described with the one
zone device, especially in young patients who are capa
ble of a high sinus rate during physical activity. Anoth
er discrimination criterion is therefore necessary, i.e., 
the sudden onset criterion. This is an optional detec
tion feature available in most of the most recent gener
ation of ICD. The "sudden onset" criterion attempts to 
discriminate sinus tachycardia, which accelerates slow
ly, from VT, which in contrast begins abruptly (11, 12). 
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Fig. 2. Spontaneous episode of ventricular fibrillation (VF) in a pa
tient implanted with a Cadence VlOO (Ventritex). The device cor
rectly identified the arrhythmia, which was promptly terminated by 
single DC shock. RTS, return to sinus. 
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Table 1. Possible etiology of inappropriate implantable cardiovert
er defibrillator (lCD) therapy 

Discrimination algorithm 
Sinus tachycardia 
Sustained or paroxysmal atrial flutter or fibrillation, with rapid 

ventricular conduction 
Nonsustained ventricular tachycardia 

Detection algorithm 
T wave or P wave oversensing 
Pacemaker "spike" or evoked potentials 

Hardware problems 
Lead fracture, insulation break, loose set screws, dislodgment 
Detection algorithms 
Outside source (EMI, MRI, electrocautery) 

EMI, electromagnetic interference; MRI, magnetic resonance 
imaging. 

When the sudden onset criterion is "on," VT detection 
will not occur unless the onset algorithm is satisfied; 
some ICD use a percentage of rate change calculated 
either as an average of the four most recent events 
(PCD Jewel, Medtronic) or as the difference between 
adjacent intervals for the five intervals on each side of 
the lowest rate boundary (Ventak Prx, CPI); others re
quire a sudden onset delta in milliseconds (Cadence, 
Ventritex). Regardless of the ICD programming, the 
use of sudden onset as a criterion appears to be able to 
reduce significantly the incidence of ICD activation (13, 
14). In fact, Swerdlow et al. (12), analyzing the value of 
sudden onset in rejecting sinus acceleration, found a 
most appropriate mean value of 84 % for the PCD onset 
ratio algorithm. By programming an onset ratio of 87%, 
they prevented inappropriate detection of sinus acceler
ation during follow-up and provided a substantial safety 
margin above the values that permitted detection of all 
episodes of VF. Similarly, Pitschner et al. (13), using the 
Ventak Prx2 algorithm programmed at a value of 10%, 
avoided device intervention in sinus tachycardia without 
affecting the sensitivity of VT detection. 

More frequently inappropriate shocks are due to 
recurrent paroxysmal episodes of sustained supraven
tricular tachyarrhythmias, i.e., atrial flutter or fibrilla
tion with rapid conduction to the ventricles exceeding 
the programmed cutoff rates. In fact, using stored 
IEGM to verify the cause of inappropriate shocks, 
Neuzner et al. (3) recently reported that atrial fibrilla
tion accounts for 86% of all inappropriate ICD dis
charged. Data supporting the diagnosis of inappropriate 
discharge comes first and foremost from knowledge or 
investigation of the patients' susceptibility to such 
rhythm and whether their atrial fibrillation could result 
in ventricular rates that could trigger the ICD. Since all 
ICD detection algorithms are based on "rate," correct 
counting of the number or the R-R intervals is most im
portant. Thus any arrhythmia that has a heart rate 
higher than the programmed cutoff rate, regardless of 
its origin, will trigger the ICD to an alert position; 
then, when the programmed duration delay is satisfied, 
the ICD will start capacitor charging and finally, after 
fulfilling the reconfirmation algorithm, will deliver the 
therapy. Since heart rate at the beginning of an 
episode of paroxysmal atrial fibrillation or flutter is 
generally high (150-170 bpm), this leads to early activa
tion of the device. 



From a clinical point of view, it is possible to re
duce the number of inappropriate shocks by using an
tiarrhythmic drugs, selecting additional criteria, such 
as stability rate, or even by interruption or modulation 
of the atrioventricular conduction. Although both an
tiarrhythmic drugs and selection of the rate stability 
criterion are valid options, each can potentially have a 
negative impact on ICD efficacy. In fact, the use of an
tiarrhythmic drugs can slow down the VT rate, thus 
potentially affecting ATP, or can modify the 
pacing/defibrillation threshold. We also have to bear in 
mind that antiarrhythmic drugs may become proar
rhythmic. Selection of rate stability could potentially 
lead to VT being missed (15, 16). 

Digitalis is one of the most commonly used drugs 
for controlling heart rate during atrial fibrillation at 
rest, but it often fails to adequately control the ventric
ular response during exercise. Beta blockers and calci
um antagonists may be very useful antiarrhythmic 
drugs for reducing heart rate both at rest and during 
exercise as well as for preventing the recurrence of 
atrial tachyarrhythmias. Since a large proportion of pa
tients with an ICD have poor ventricular function and 
are in NYHA (New York Heart Association) class 11-
III (17), and therefore in need of inotropic and 
lusitropic support, our preference is the use of these 
drugs as the first option with subsequent addition of 
amiodarone. 

Radiofrequency ablation of the atrioventricular 
node in order to create complete atrio-ventricular 
block has been proposed as an alternative therapy to 
antiarrhythmic drug use, but has rarely been per
formed in patients with an ICD. This is probably relat
ed to the lack of either dual-chamber pacing and/or ac
tivity-controlled pacing even in the modern ICD gen
eration. Recently, modulation of the atrioventricular 
node has been proposed as a more effective therapy 
instead of complete interruption of the atrioventricular 
conduction during atrial fibrillation (18). Although 
modulation of the atrioventricular node could be a 
useful technique, no data are available, at the present 
time, in patients with cardioverter-defibrillators. 

Stability is an optional detection feature available 
in many commercially available ICD. The main objec
tive of this algorithm is to reject atrial fibrillation that 
conducts rapidly to the ventricle with a rather wide R
R variability. Other rhythms, such as polymorphic 
nonsustained VT and complex ventricular ectopy, 
which usually do not respond well to APT therapy may 
also be rejected. Studies on VT rate variability re
vealed a mean cycle length difference of about 7% 
(19) at its onset, decreasing over time (20); in addition, 
slower VT had more variability in the R-R cycle 
length, and 45% of all VT stabilized within the first 15 
beats (21). Although algorithms for stability criterion 
of different devices have similar endpoints, we should 
be aware of some possibly significant differences in the 
algorithms present in various devices. The difference 
in device algorithms may translate into fairly impor
tant clinical differences and thus comparison among 
published studies may be difficult (12, 22). Since the 
rate stability algorithm influences device sensitivity, se
lection of an appropriate parameter is crucial; at the 
present time, it is selected empirically and therefore 
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represents an enormous source of error. Some recent 
ICD (Ventak Prx2 and Prx3, CPI) automatically gen
erate sudden onset and stability rate valued (even if 
they are not selected) when the device is activated by a 
spontaneously occurring arrhythmia. The use of these 
values in combination with IEGM facilitates consider
ably the selection of the most appropriate values (13). 

An unresolved problem for supraventricular ar
rhythmia discrimination is the occurrence of atrial flut
ter with rapid stable conduction to the ventricle. This 
type of supraventricular arrhythmia is very difficult to 
distinguish from VT using current algorithms because 
it fulfills similar criteria for sudden onset and rate sta
bility as VT. Therefore, at the present time, no reliable 
method exists other than pharmacologic control of 
ventricular rate or of the flutter circuit ablation or 
modulation of the atrioventricular node. 

Another, fortunately rare, source of inappropriate 
ICD discharge is nonsustained VT, i.e., a VT that ter
minates spontaneously prior to ICD discharge. Due to 
the possibility of retrieving stored IEGM, it has been 
identified as a seldom, but existing cause of inappro
priate discharge. According to a recently published se
ries (23), these events could account for 10% of all 
ICD shocks detected by first- and second-generation 
device. The main reason for inappropriate shocks is 
the lack of programmability of a detection delay as 
well as a reconfirmation algorithm during and after the 
capacitor charging. Although significantly diminished 
by the introduction of programmable detection delays 
and of device commitment, inappropriate discharges 
still occur. Severe symptoms and possibly a rise in the 
ventricular cardioversion defibrillation threshold can 
occur by significantly prolonging the detection delay; 
careful evaluation of the hemodynamics during in
duced ventricular tachyarrhythmias is needed before 
altering the detection delay. In particular, a noncom
mitted therapy has a great advantage over the prolon
gation of detection delay. The reconfirmation algo
rithm requires confirmation of the detected arrhyth
mia prior to shock delivery and will abort the therapy 
if the rate criterion is no longer fulfilled. Almost all de
vices are now able to reconfirm the actual arrhythmia 
prior to discharge (Fig. 3). The detection delay and the 
device commitment feature, however, should not be 
considered as alternatives, but as complementary fea
tures. 

Detection Algorithm 

One particular problem for inappropriate ICD shocks 
are pacemaker-defibrillator interactions. The first gen
eration of ICD had no antibradycardia pacing features, 
which not rarely become necessary. Since the conven
tional pacemaker has a fixed sensing gain, VT or VF 
could not be recognized appropriately; therefore, the 
pacemaker paced during the ongoing ventricular tach
yarrhythmias and thus prevented the pacing spike be
ing taken as an R wave. In contrast, oversensing of 
atrial and ventricular pacemaker spikes by ICD could 
alert the device and again generate inappropriate dis
charges. The pacemaker-defibrillator interaction has 
mostly been overcome by the third-generation ICD 
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Fig. 3. Spontaneous episode of rapid ventricular tachycardia (203 bpm) which was detected by the device. The reconfirmation algorithm of the 
implantable cardioverter-defibrillator (Ventak Prx2) was activated and continuously monitored the rate of the ongoing tachycardia. Since the 
tachycardia spontaneously terminated during the charging phase, the reconfirmation algorithm stopped it, and after the restoration of sinus 
rhythm (82 bpm), the shock was internally diverted 

systems, which have the capability for bradycardia pac
ing as well as ATP and cardioversion/defibrillation (24, 
25). However, pacemaker-defibrillator interactions 
still occur in third-generation devices (26), most specif
ically in the Ventritex Cadence tiered therapy defibril
lator system (Ventritex, Inc). Analysis of real time and 
stored IEGM not rarely revealed intermittent high-fre
quency, large-amplitude noise as well as oversensing of 
maximally gained Rand T waves as a result of a fea
ture of the Cadence device itself (26). The Cadence 
models use an automatic gain circuit to sense incoming 
signals. During pacing for bradycardia, the sensitivity 
is maximally increased to prevent undersensing of an 
arrhythmia with small-amplitude signals (Fig. 4). Sig
nals of a different nature, such as muscular noise and P 
or T waves can be sensed as VT or VF, thus activating 
the device (Fig. 4) and eventually leading to inappro
priate DC shock. Reprogramming of the device by 
prolonging the postpacing refractory period, implanta
tion of a separate permanent pacemaker, or using a 
different device are possible solutions to avoid further 
inappropriate ICD activations. 

Hardware Failure 

Hardware failure can lead to inappropriate ICD dis
charges, inadequate discharges, or missing of the ar
rhythmia. Several different failure modalities have 
been described, including lead fracture or dislodgment 
(27, 28), connector insulation or fracture, sensing of 
electrical or magnet interference (29), or, on rare occa
sions, device malfunction (30, 31). 

Most commonly, a lead fracture or dislodgment is 
responsible for repetitive inappropriate ICD dis
charges. Chest X-rays are most important to access the 
integrity of a lead system; stored and real-time IEGM 
also provide important information and the correct 
"failure" diagnosis. Finally, telemetric analysis of 
shock and/or pacing impedance and sensing provide 
detailed clues for a definitive diagnosis; infinite lead 
impedance - quite often intermittently - is indicative 
of a lead fracture, whereas insulation breaks will be as
sociated with an abnormally low impedance. It is ex
tremely important in cases of frequent inappropriate 
discharges as well as after a missed arrhythmia episode 
to analyze sensing and impedance of the pacing and 
shock lead. In the case of an isolated pacing problem, 
the implantation of a separate conventional pacing 
lead might become necessary instead of implanting ex 
novo defibrillation and pacing leads. 

One example of combined sensing and pacing fail
ure is presented in Fig. 5. The patient was implanted 
with a Ventak P2 and Endotak lead (CPI). One year 
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Fig. 4a,b. Stored intracardiac electrograms recorded in a patient 
implanted with a Cadence Vl00 V (Ventritex) receiving several 
documented inappropriate shocks. In sinus rhythm a large-ampli
tude R signal is evident, followed by two low-amplitude signals, 
corresponding to the T and P wave. During pacing (90 bpm), the 
automatic gain control of the Cadence maximally increases its sen
sitivity in order to prevent undersensing of any ventricular tachy
cardia (VT) or ventricular fibrillation (VF). By doing so, the small
amplitude signals (noted in sinus rhythm) were amplified with the 
result of a double count (QRS complex and T wave) which was still 
below the programmed cutoff rate (a). However, when the pacing 
rate was programmed to a value (55 bpm) similar to that of the si
nus rhythm (56-58 bpm), soon after a ventricular pacing beat the 
device maximally increased the gain leading the triple count (QRS 
complex, P and T wave) which reached the cutoff rate of the device 
and activated it. Due to the slow decrease of the implantable car
dioverter defibrillator (ICD) automatic gain control and the recur
rence of pacing spike, the device reconfirmed the presence of the 
ventricular arrhythmia (but in reality the ICD continued to have a 
triple count) and could theoretically deliver a shock 

after the first ICD implantation, the patient reported 
frequent device activations preceded by a dizzy spell 
or presyncope. Some of those device activations, which 
have been documented, were judged to be appropriate 
because of VT and VF. The analysis of counters, how
ever, also demonstrated frequent, non-reconfirmed VT 
episodes. The clinical history prevented suspicion of 
inappropriate ICD interventions. The analysis of the 
shock impedance, however, demonstrated a sudden re
duction of shock impedance while the pacing imped
ance was unchanged. The analysis of stored IEGM re
vealed sensing noise and pacing inhibition, due to a 
lead breakage of the distal shock coil. Because CPI de
vices use integrated bipolar endocardial sensing, the 
isolated rupture of the connection to the distal coil 
caused modification of pacing and shock impedance. 
Replacement of the shock lead and pacing lead com-
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Fig. 5a,b. Stored intracardiac electrograms (IEGM) documenting 
lead defect. The patient with a chronic atrial fibrillation and low 
ventricular response (40 bpm) was pacemaker dependent (VVI at 
70 bpm). Because of the insulation defect of the electrical connec
tion to the distal coil of the Endotak, noise was detected by the de
vice; this noise was recognized as ventricular fibrillation (VF), 
which inhibited pacing and triggered the device (a, b). Because the 
insulation breaks were intermittent and most likely related to body 
movements, the disappearance of the noise led to pacing resump
tion, while the reconfirmation algorithm detected the restoration of 
a regular rhythm and terminated the capacitor charging (a). In con
trast, in b, the pacing was once again inhibited because of the reap
pearance of electrical noise while the reconfirmation algorithm re
detected the persistence of ventricular fibrillation (noise) with the 
result of implantable cardioverter defibrillator (ICD) discharge. 
DC, direct current 

pletely abolished inadequate ICD function. Lead dis
lodgment is a fairly common source of hardware fail
ure; it can cause double counting of P or T waves (Fig. 
6), On rare occasions, the lead dislodgment within the 
atrium can lead to mechanical induction of atrial fibril
lation or flutter. Lead repositioning is most often an 
effective and sufficient maneuver to overcome this 
problem, 

Detection Algorithm Failure 

The detection algorithms themselves and their applica
tion through programming steps can lead to inappro
priate shocks or inadequate interference of ATP. The 
occurrence of these shortcomings can usually be estab
lished from the device itself. Diagnosis of this failure 
remains important, since frequent aborted shocks can 
reduce the battery life considerably. This particular 
type of failure occurs mainly in an attempt to achieve 
100% sensitivity for the detection of potentially dan
gerous arrhythmias, thus possibly inadvertently over
sensitizing the device's detection parameters. Repro
gramming the device is most often sufficient to elimi
nate this device failure. 

Conclusion 

We believe that inappropriate shocks continue to be a 
major problem in patients implanted with a cardiovert
er defibrillator for various types of ventricular tach
yarrhythmias. Extensive programmability, misuse of 
ATP, and poor understanding of the underlying ar
rhythmia mechanism increases the likelihood of inap
propriate discharges. Systematic troubleshooting in
volves categorizing the observed (or suspected) prob-

79 

Fig. 6. Intracardiac electrogram (EGM, bottom) and surface electro
cardiogram (ECG, top) in a patient experiencing recurrent im
plantable cardioverter defibrillator (ICD) discharges. Double sens
ing, P and QRS, due to macroscopic lead dislodgement was evident. 

lems, and leads to appropriate measures being taken to 
avoid further failures. Paroxysmal supraventricular ar
rhythmias represent the most common source of inap
propriate discharges, and a variety of helpful measures 
are available. Improvement of discriminating algo
rithms, the introduction of separate atrial and ventric
ular sensing leads, or better morphologic analysis of 
far-field IEGM might provide an acceptable solution 
in the near future. Furthermore, alternative options 
such as modulation of the atrioventricular node either 
pharmacologically or electrically are often useful 
methods. Finally, intensive cooperation between ICD 
engineers and manufacturers and implanting physi
cians will maximize the benefits from the use of all the 
available programmable modalities, which are often 
difficult to understand or to apply. 
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Introduction 

The prevention of sudden cardiac death is an unsolved 
problem in modern cardiology, It is estimated that 
about 200 000-400 000 people in the United States and 
about 90 000 in Germany die as a result of sudden car
diac death per year (1,2), First insights into the electri
cal events causing sudden death were reported by 
MacWilliams in 1889 (3) and Lewis in 1915 (4), who 
found an association between ventricular fibrillation 
(VF) and sudden cardiac death, Large-scale epidemio
logic studies revealed that ventricular tachyarrhyth
mias contribute in about 80% and brady arrhythmias in 
about 20% of cases to this serious clinical event (5,6). 

The initial rhythm that can be identified in a pa
tient with cardiovascular collapse depends on the time 
between loss of consciousness and the first electrocar
diogram (ECG) recording. When the time elapsed is 
not known, the inital rhythm recorded is VF in 40%, 
asystole in another 40%, electromechanical dissocia
tion in 20%, while ventricular tachycardia (VT) is only 
documented in 1 % of the patients (7).When the time 
from collapse to rhythm identification is less than 4 
min, VF can be documented in 95% and asystole for 
5% of the patients; if the rhythm is only documented 
12-15 min thereafter, VF can be found in about 70% 
and asystole in the remaining 30% (8). Thus it can be 
assumed that electromechanical dissociation and asys
tole are the result of a prolonged episode of VF and 
concomitant hypoxia. Survival rates of patients with 
sudden cardiac death indirectly support this assump
tion. In patients in whom the initial rhythm identified 
was VF, the long-term survival rate was 25%, while it 
was only 6% in patients in whom electromechanical 
dissociation was present and 1 % in those with asystole 
at the time of recording (9). 

Monomorphic VT has rarely been observed at the 
time of sudden cardiac death (7,10). This suggests that 
this arrhythmia does not in general precede VF. On the 
other hand, ambulatory ECG monitoring stressed the 
significance of VT as the initial rhythm of subsequent 
sudden cardiac death (11-17). However, these observa
tions are limited due to the fact that, in most of the stud-
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ies, polymorphic VT and ventricular flutter were only 
classified as VT and, furthermore, because most of 
these recordings were obtained while assessing antiar
rhythmic drug therapy, which may cause proarrhythmia, 
such as torsade de pointes. All these patients had al
ready exhibited symptoms such as palpitations, syncope, 
or even sudden cardiac death. In addition, it has been 
shown that clinical characteristics in patients with VT 
are different from those with VF. In coronary artery dis
ease, VF may be the first manifestation of hypoxemia. 
Patients with VT more often have a lower ejection 
fraction and left ventricular aneurysm, while patients 
suffering from VF generally have better left ventricular 
function. Thus, clinical observations suggest that in the 
general population, monomorphic VT may be a less 
common arrhythmia preceding sudden cardiac death. 

To date, there is no medical antiarrhythmic man
agement available with a recurrence rate of sudden 
cardiac death as low as that of the automatic im
plantable cardioverter/defibrillator (ICD). As a conse
quence, the use of ICDs has increased during the last 
15 years, with more than 30 000 devices currently be
ing implanted. Since the implantation of the first fixed
rate, nonprogrammable device in 1980 by Mirowski et 
al. (18), ICDs have evolved to become multiprogram
mabIe units with more capabilities, such as anti brady
cardia pacing, anti tachycardia pacing, and low- and 
high-energy cardioversion/defibrillation. In addition, 
third- and fourth-generation devices provide the possi
bility of storing the ECG and arrhythmia preceding 
the intervention. Thus, the onset of the malignant ar
rhythmias resulting in sudden cardiac death can be 
documented and analyzed more precisely. 

In order to evaluate the arrhythmias preceding the 
intervention of the lCD, we analyzed stored ECG, in 
an ongoing, prospective study. 

Patients and Methods 

The study population consisted of 138 patients, 121 men 
and 17 women with a mean age of 63 years (11-84). The 
underlying cardiac disease was confirmed by cardiac 



Table 1. Clinical characteristics of 29 patients who received ICD 
therapy and experienced discharges of the device 

25 Men, 4 women 
Age 11-84 years (mean 62) 
Underlying cardiac disease 

Number Percentage 

Coronary artery disease 16 55 
Idiopathic dilated cardiomyopathy 11 38 
No structural heart disease 2 7 

Mean left ventricular ejection 
fraction 36 ±14% (9%-60%) 

Clinical arrhythmia prior to ICD implantation 
VF 8 28 
Monomorphic sustained VT 11 38 
Polymorphic sustained VT 5 17 
Nonsustained VT (recurrent syncope) 5 17 

lCD, implantable cardioverter defibrillator; VF, ventricular fibrilla
tion; VT, ventricular tachycardia. 

catheterization and coronary angiography and revealed 
coronary artery disease in 86 patients (62 %), dilated car
diomyopathy in 38 (28%), congenital heart disease in 
four (3%), and valvular heart disease in two (1 %), while 
eight patients (6%) had no evidence of structural heart 
disease. The mean left ventricular ejection fraction was 
37% (range 9%-88%). All patients had a history of 
symptomatic VT or cardiac arrest. Before ICD implanta
tion, they underwent invasive electrophysiologic investi
gation and were either noninducible or did not respond 
to medical antiarrhythmic management as confirmed by 
serial electrophysiologic testing and/or spontaneous re
currence of the arrhythmia. During a follow-up of 2-28 
(mean 12) months, 29 of these patients (21 %) experi
enced spontaneous episodes of ventricular tachy
arrhythmia resulting in successful discharges of the de
vice. No differences could be established between pa
tients with and without discharges with respect to the 
underlying cardiac disease, age, sex, hemodynamic sta
tus and clinical arrhythmia (Table 1). Eleven of the pa
tients (38%) had been treated in addition with antiar
rhythmic drugs: amiodarone was administered to five 
patients, sotalol to three, propafenone to one, and mex
iletine and sotalol to two patients. 

Different third- and fourth-generation ICDs were 
implanted: CPI P2 in three patients, CPI P3 in one, 
CPI PRX II in 23, and CPI PRX III in two patients. 

Stored ECG, of all episodes of ICD discharges 
were analyzed with respect to the spontaneous preced
ing rhythm, the incidence of ventricular extrasystoles, 
supraventricular extrasystoles and pauses, and the rate 
of the ventricular arrhythmia resulting in discharges of 
the device. In all patients, the rhythm analysis induded 
the last ten beats before the occurrence of ventricular 
tachyarrhythmia. Furthermore, the stored ICD-ECGs 
were compared to the clinically documented arrhyth
mia and/or to the one that was inducible at pro
grammed ventricular stimulation. 

Results 

Of the 29 patients, eight (28%) were survivors of car
diac arrest due to VF and 16 (55%) had recurrent 
monomorphic (n=l1) or rapid polymorphic VT (n=5). 
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In the remaining five patients (17%) who had a history 
of recurrent syncope, only nonsustained VT was 
recorded electrocardiographically. During right ven
tricular stimulation in the absence of isoproterenol, VF 
could reproducibly be induced in six of the eight pa
tients while two were noninducible. Sustained VT 
could be reproduced in all VT patients. Of the five pa
tients with syncope, four had inducible, sustained VT 
at programmed stimulation while the other patient was 
noninducible. During the follow-up, stored ICD ECGs 
revealed recurrence of VF in all patients with clinical 
and inducible VF and in one patient with idiopathic di
lated cardiomyopathy without inducible arrhythmia. In 
all VT patients, the clinically documented and induced 
VT recurred with the same rate at least once. Howev
er, it is noteworthy that in most patients, not only the 
documented and inducible arrhythmia could be ob
served but also other types of ventricular tachyarrhyth
mias. Differences of heart rate of up to 80 beats/min 
were observed in an individual patient. 

In the 29 patients 129 episodes of malignant ven
tricular tachyarrhythmias were documented. Twenty
one patients had more than one episode (2-11) record
ed during the follow-up. The mean rate of the arrhyth
mia was 198±42 (126-337) beats/min. In 39 episodes 
(30%) a rate of more than 220 beats/min (221-337) was 
recorded, in 19 (15%) a rate of more than 250 
beats/min. Most of these 39 episodes could be classi
fied as rapid polymorphic VT, ventricular flutter, and 
VF. In 85 of the remaining 90 episodes, monomorphic 
VT was documented. 

Before the onset of the ventricular tachyarrhyth
mia, sinus rhythm was present in 22 patients, atrial fib
rillation in three, while four patients required an
tibradycardia pacing. In all but one patient, the rhythm 
was stable with a rate of <100 beats/min. Only one 
episode was preceded by sinus tachycardia (120 
beats/min). Furthermore, this episode was the only one 
that was preceded by ST segment depression (Fig. 1). 

Sudden onset of the tachyarrhythmia was found in 
10 patients (35%), while in 14 patients (48%) the ar
rhythmic event was preceded by different arrhythmias, 
and in the remaining five patients (17%), both sudden 
and nonsudden onset was documented. The analysis of 
the onset of ventricular arrhythmia of the 129 episodes 
revealed that 55 (43%) occurred spontaneously, that 
is, without any triggering arrhythmia (Fig. 2). In 29 
cases (23 %), singular ventricular extrasystoles preced
ed the event, in 12 cases (9%) ventricular pairs (Fig. 
3), and in six cases (5%) nonsustained VT with three 
to 'six consecutive premature contractions were docu
mented. Four episodes (3%) were preceded by an R
on-T phenomenon resulting in VF. In another case 
(1 %), supraventricular extrasystoles were observed 
prior to the onset of the ventricular arrhythmia. The 
remaining 22 arrhythmic events (17%) were pause
dependent, due to various mechanisms (ventricular 
extrasystoles, pairs and nonsustained VT, supraventric
ular extrasystoles or a sinuatrial pause; Fig. 4; Table 2). 

Analysis of the onset mechanism in the individual 
patient revealed that only two of the 21 patients with 
more than one episode of VT/VF always exhibited the 
same mechanism. In some patients, one type of ar
rhythmia was triggered by different mechanisms. 
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Fig. 2. Spontaneous onset of ventricular tachycardia with a rate of 210 beats/min. The preceding rhythm is normal sinus rhythm (85 beats/min) 

Fig. 3. During sinus rhythm (75 beats/min), a premature ventricular couplet induces ventricular fibrillation 
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Fig. 4. Registration of a "short-long-short" phenomenon which induces monomorphic ventricular tachycardia with a rate of 190 beats/min 
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Table 2. Stored ventricular tachyarrhythmias requiring ICD inter
vention and onset mechanisms 

Number Percentage 

Arrhythmias during ICD therapy" 
VF 6 21 
VT 17 58 
VF and VT 6 21 

Preceding arrhythmia 
of the 129 episodes of VTIVFh 

None 55 43 
YES 29 23 
VP 12 9 
ns-VT 6 5 
R-on-T -phenomenon 4 3 
SVES 1 1 
Pause-dependent 22 17 

YES and pauses 13 10 
VP/nsVT and pauses 4 3 
SVES and pauses 4 3 
Sinuatrial pause (1800 ms) 1 

YES, ventricular extrasystole; VP, ventricular pair; ns, nonsus
tained; SVES, supraventricular extrasystole; lCD, implantable car
dioverter defibrillator; VT, ventricular tachycardia; VF, ventricular 
fibrillation. 
'Number and percentage of patients. 
b Number and percentage of episodes. 

Discussion 

The mechanism of sudden cardiac death is still not 
completely understood. Factors such as ischemia, cate
cholamines, myocardial wall stress, drugs, and many 
others influence the onset of life-threatening ventricu
lar tachyarrhythmias. In the last 20 years, great effort 
has been made to evaluate triggering factors that may 
induce these arrhythmias, such as premature ventricu
lar contractions, ventricular pairs, and nonsustained 
VT. Ambulatory electrocardiographic studies have 
emphasized the role of triggering arrhythmias (19). 
However, the suppression of these arrhythmias by an
tiarrhythmic drugs generally did not result in a signifi
cant prevention of sudden cardiac death (20), while B
blocking agents did even in the absence of significant 
reduction of single and complex ventricular arrhyth
mias (21-23). These results demonstrate that ventricu
lar arrhythmias form only one aspect of the entity of 
sudden cardiac death and that these arrhythmias have 
to be seen in the context of the hemodynamic vari
ables, altered myocardial structure, metabolic disor
ders, and the autonomic nervous system. 

Stored ECGs in ICDs can provide further insights 
into the arrhythmogenic mechanisms. However, it has 
to be taken into consideration that this is a selected pa
tient population with various cardiac diseases, differ
ent hemodynamic states, special arrhythmias, for ex
ample, those which are not reproducible by pro
grammed stimulation or those which do not respond to 
medical antiarrhythmic management, and there are pa
tients with and without pharmacological antiarrhyth
mic therapy. This population is not representative of 
the entity of patients who experience sudden cardiac 
death. Therefore the preliminary results of the present 
study have to be viewed with caution. These results are 
more comparable to those obtained from patients dur-
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ing ambulatory monitoring than to those from patients 
who suffer out-of-hospital cardiac arrest. Holter stud
ies of sudden cardiac death have mainly included pa
tients with coronary artery disease (on the average 
70%), more than 50% being treated with antiarrhyth
mic drugs at the time of recording. The arrhythmia 
documented was monomorphic or polymorphic VT in 
about 70%, primary VF in only 5%-10%, and brad
yarrhythmias in 15%-20% (11-17). These general re
sults correspond to those in our patients. 

The finding that 43% of the ventricular tachy
arrhythmias occurred spontaneously, without preced
ing ventricular arrhythmias, demonstrates that there 
are other factors than rhythm abnormalities which trig
ger the onset of life-threatening ventricular tachy
arrhythmias. 

Concerning the onset mechanism of life-threaten
ing ventricular tachyarrhythmias, it is widely believed 
that the phenomenon of R-on-T ventricular premature 
contractions is of major arrhythmogenic importance. 
Data based on ambulatory monitoring (16) showed 
that prematurity of ventricular extrasystoles initiating 
VT or VF is a common finding, preceding the arrhyth
mic event in about 20% of patients. However, only a 
minority of tachyarrhythmic episodes in the present 
study (3%) was preceded by this phenomenon, initiat
ing VF in all cases. In several studies the phenomenon 
of pause-dependent ventricular premature beats and 
the "short-long-short" coupling interval have been 
identified as an initiating factor of VT and VF 
(11,13,14,24). Coumel et al. (25), also evaluating the 
data of ambulatory ECG recordings, felt that pause 
dependency is a critical prerequisite for the develop
ment of life-threatening ventricular tachyarrhythmia. 
If we extend this definition of the short-long-short in
terval to ventricular couplets, nonsustained VT, and 
supraventricular extrasystoles, 16% of the episodes in 
the present study had a pause-dependent onset. Bardy 
and Olsen (26) reported results from 41 patients with a 
history of cardiac arrest. Of these patients 14 exhibited 
VT or VF during the monitoring period. The onset of 
six of the 60 episodes of VTIVF (10%) recorded in 
these patients was classified as pause-dependent. 

Only two of the 21 patients with more than one 
episode of VT/VF always demonstrated the same on
set mechanism. This finding confirms the results of 
Bardy and Olsen (26) in the above-mentioned study. 
Of these 14 patients 10 had more than one arrhythmic 
event. Only one patient was found to have the same 
pattern of arrhythmia onset for each episode. 

As in our study group, VT or VF in the Bardy and 
Olsen (26) study popUlation was not preceded by an 
increase in heart rate. In Holter studies, increases in 
heart rate were reported by Kempf and Josephson (14) 
and von Olshausen et al. (17), while Panidis and Mor
ganroth (12) and Pratt et al. (13) did not observe any 
major changes. However, imbalance of the autonomic 
nervous system cannot be ruled out from the absence 
of increased heart rate since we have to consider that 
this mechanism cannot be determined by standard 
monitoring techniques such as ambulatory monitoring 
or stored ICD-ECGs. 

Our results demonstrate that different ventricular 
tachyarrhythmias can be observed in an individual pa-



tient. Thus, anti tachycardia pacing modalities should 
be applied. Cross et a!. (27) recently showed that anti
tachycardia pacing can lower the number of shocks re
quired to terminate the arrhythmia significantly. Even 
nontested anti tachycardia pacing is helpful for this 
purpose (28). 

Stored ECG, do not only offer the opportunity to 
analyze the onset of the ventricular tachyarrhythmia 
which causes intervention of the device, but may also de
tect sensing failure of the ICD. Almeida and Bucking
ham (29) proved the additional value of stored ECG, for 
the documentation of sensing abnormalities that, in se
lected patients, may lead to VT initiation. 

Conclnsion 

The present study has attempted to provide some in
sights into the onset mechanism of VF and VT in a 
study population which underwent implantation of an 
ICD because of spontaneous VF or VT either resistant 
to medical antiarrhythmic management or nonin
ducible at programmed ventricular stimulation. Thus, 
these patients are highly selected and the onset mecha
nisms found cannot be extrapolated to the general 
population. Stored ICD-ECGs showed a wide variety 
of onset mechanisms. Four results are of interest: 

1. Of the episodes of VT/VF 43% occurred spon
taneously without preceding arrhythmia. 

2. Different onset mechanisms could be found in 
an individual patient. 

3. A pause-dependent onset of the arrhythmia was 
documented in 17%. 

4. The R-on-T-phenomenon appears to be of mi
nor importance for the initiation of VT. 

Thus, stored ICD-ECGs may provide an addition
al tool for the understanding of the onset mechanisms 
of malignant ventricular arrhythmias. Further informa
tion about the mechanisms of initiation of ventricular 
arrhythmias is required in order to encourage the de
velopment of improved treatment modalities for pre
venting sudden cardiac death. 
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The implantable cardioverter defibrillator (ICD) is an 
important and unique new method of potentially pre
venting recurrent sudden cardiac death (SCD) due to 
malignant ventricular arrhythmias (MV A). 

Guidelines are essential for every new procedure 
and treatment, and many groups have therefore pub
lished guidelines for the use of the ICD. However, as 
suggested by Kappenberger (1), the main problem 
with guidelines that refer to a relatively new treatment 
is that, as all the components of guidelines undergo 
rapid changes, the basis of discussion is instable. These 
guidelines should help physicians to justify a therapeu
tic decision to financial authorities in view of commer
cial interests and can even be considered as the legal 
background for a given medical procedure; as such, 
they can be of great value if legal problems arise. How
ever, two aspects have to be taken into account: on the 
one hand, indications should be defined in such a way 
as to leave space for individual judgment; on the other 
hand, they should be strict enough to prevent abuse 
and to provide credible documentation for the medical 
profession. 

With this in mind, guidelines must define what is 
considered to be generally accepted and must, there
fore, describe the candidates for whom ICD implanta
tion is warranted. 

Initially, the criteria for ICD implantation were 
very strict: ICD therapy was reserved only for patients 
with drug-refractory MV A, who had survived at least 
two episodes of documented cardiac arrest due to ven
tricular fibrillation (VF). 

In 1985 the Food and Drug Administration (FDA) 
approved the device for commercial use and the indi
cations were extended: ICD could be implanted only 
in patients with recurrent, symptomatic ventricular 
tachycardia (VT) that were not suppressed by drugs in 
the electrophysiologic laboratory (in fact, all patients 
in whom arrhythmias were not inducible in basal con
ditions were considered to have a relatively good prog
nosis). 

Only 4 years ago, in 1991, two reports by the 
AHA/ACC (2) and the NASPE (3) established official 
guidelines for the implantation of ICD. In brief, an 
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ICD could only be considered in patients with MV A 
that could not be controlled with appropriate treat
ment, i.e., in patients with drug-refractory VT/VF, in 
patients with MV A and intolerance to drugs, and in 
cardiac arrest victims with no inducible MV A. Al
though the etiology of MV A might have an important 
impact on prognosis, it was not clear whether the un
derlying heart disease had any relationship to the clini
cal decision to implant an ICD; therefore, the guide
lines issued by both AHA/ACC and NASPE did not 
relate the results of electrophysiologic study to under
lying organic heart disease. 

Although the device was described as "last resort" 
therapy, the guidelines were defined fairly liberally by 
the authors (2-3) but the indications were considered 
evolutionary and controversial. 

After the early demonstration that ICD reduced 
the incidence of SCD to approximally 2 % or less per 
year, several investigators (4-6) called the I CD the 
"gold standard" of treatment for all patients with 
MV A and considered the device the appropriate first
line treatment. 

Brugada (4), for example, considered that any pa
tient with a calculated risk of SCD of 10% or more per 
year, in spite of alternatives, should receive an ICD 
and has formulated a very simple decision-making 
process: ICD therapy would be indicated for any pa
tients who meets one of these criteria: (a) the patient 
has experienced VF or syncopal VT or (b) the patient 
has experienced MV A and is in NHY A (New York 
Heart Association) functional class III or has had mul
tiple myocardial infarctions. Similarly, Henthorn (6) 
conservatively suggested that I-year risk of SCD from 
MV A of more than 10% was the appropriate inci
dence for which ICD therapy should be considered; 
despite several shortcomings, ICD remained the stan
dard for prevention of SCD. 

Accordingly, since patients with MV A and an 
ejection fraction (EF) less than 30% have a high risk 
of SCD (more than 10% per year) irrespective of the 
results of programmed ventricular stimulation (PVS), 
several authors (3-7) have recommended ICD implan
tation as the therapy of first choice in all patients with 



MV A and EF less than 30%, irrespective of the results 
ofPVS. 

The availability of transvenous lead systems fur
ther obviously broadened the indications for ICD im
plantation, and several investigators claimed that there 
were sufficient data to demonstrate that withholding 
ICD therapy in patients at high risk was ethically unac
ceptable and medically wrong (4). 

However, several other investigators disagreed 
with these broad indications. In 1992, a Task Force of 
the European Society of Cardiology (8) published 
guidelines for the use of ICD; the indications were 
quite different from those accepted in the United 
States. In patients who have survived cardiac arrest, 
the decision is easy only in two extreme situations. 
Contrary to established beliefs, ICD would be most 
cost-effective in patients with no or minimal heart dis
ease, since it can reasonably be presumed that patients 
who are likely to benefit the most from the periodic 
device therapy are those who have a good ventricular 
function. Paradoxically, however, many of these pa
tients would be drug responders at electrophysiologic 
testing and would therefore be expected to have a 
good overall prognosis even without ICD. Conversely, 
ICD would be less cost-effective in patients whose 
prognosis is poor, based on irrecoverable and progres
sive myocardial damage (currently, until more data are 
available, the use of ICD as a bridge to transplantation 
should be regarded as investigational). The majority of 
potential ICD recipients are patients with some risk of 
MV A who have different types of heart disease and a 
broad spectrum of left ventricular dysfunction. Be
cause patients with low EF are at the greatest risk for 
SCD, they would seem to be the most likely to benefit 
from an ICD implantation; however, this was not the 
case, probably because such patients have the highest 
incidence of nonsudden cardiac death. Therefore, the 
correct indication in these patients is complicated, and 
the presentation of arrhythmia, the hemodynamic tol
eration, the nature and the severity of the underlying 
heart disease, and the presence of modifying features 
(such as assessment of left ventricular dysfunction, age, 
autonomic factors, and ischemia) must be taken into 
consideration. 

Therefore, although guidelines should define 
which patients at which moment benefit most from 
lCD, it is unclear whether such guidelines are helpful 
in establishing a treatment algorithm for patients with 
MV A. Curiously, despite the increasing use of ex
tremely costly devices of increasing complexity and 
versatility, neither the magnitude of their impact on to
tal mortality nor which patients are likely to benefit 
from such treatment is known with any measure of cer
tainty. The main problem is that, as with many other 
new medical technologies, the dramatic explosion in 
the use of ICD has occurred before conclusive evi
dence of the efficacy of the treatment is available; this 
underlines the difficulties in assessing the impact of 
new therapies without the advantage of well-designed, 
prospective randomized studies. 

The results of the initial studies (5-9) demonstrat
ing the efficacy in preventing SCD have made the 
ethics of performing randomized controlled trials diffi
cult. As a consequence, there are no results from ran-
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domized trials of ICD versus other modes of treat
ment, and there is no scientific evidence that ICD im
proves total mortality even in the short term. Several 
skeptics (10-12) have noted that treatment with ICD is 
not paralleled by a proportionate reduction in overall 
mortality and have seriously questioned the ability of 
ICD to improve survival, giving rise to a controversy 
described as the "ICD backlash." Although biases due 
to patient selection, longer time to treatment, and the 
use of ICD as an endpoint affect all available studies, 
SCD rates of 5% - 8% at 5 years are so low that it 
seems likely that ICD treatment does provide protec
tion against SCD. However, even if SCD were totally 
eliminated by lCD, it might not have much impact on 
the overall occurrence of death, since patients dying of 
MV A usually have other risks as well as arrhythmic 
ones. 

A critical review of the currently available ran
domized studies does not provide reliable evidence of 
the efficacy of the ICD to improve overall survival. As 
the methods of evaluation have become more rigorous 
and hence more reliable, the benefits of ICD on total 
mortality appear modest (10-12). Connolly and Yusuf 
(11) argued that the reduction by ICD implantation in 
overall mortality could not be larger than 33%. Mor
tality reductions in this range have been seen with at 
least two antiarrhythmic drugs in postmyocardial in
farction survivors. An overview of the randomized tri
als using beta blockers in postmyocardial infarction pa
tients reported a 26% reduction in mortality. A meta
analysis of randomized trials of amiodarone after my
ocardial infarction indicated a reduction in mortality of 
34%. Recently, a randomized trial of amiodarone in 
patients with heart failure showed a reduction in mor
tality of 30% (13). In contrast, extensive meta-analytic 
data from randomized clinical trials of class I antiar
rhythmic drugs in postmyocardial infarction survivors 
demonstrated that these drugs as a whole might in
crease the mortality as a class action (14). It is highly 
improbable that the effects of class I antiarrhythmic 
drugs could be different in another subset of patients 
(e.g., in patients with MVA) if Holter monitoring or 
PVS-guided therapy were used. In fact, the data from 
the ESVEM trial (15) demonstrate that there are no 
significant differences between the two technologies in 
predicting the long-term outcome in patients with 
MV A and that comparison of sotalol with six class I 
drugs, collectively or individually, shows a significant 
difference in favor of sotalol in terms of arrhythmia re
currences, SCD, or total cardiac mortality. The fact 
that PVS cannot be unreservedly accepted as the con
trol arm of antiarrhythmic drug therapy has been con
firmed by a recent randomized study by Steinbeck et 
al. (16), who demonstrated that, as compared with em
piric metoprolol therapy, PVS-guided antiarrhythmic 
class I drug therapy does not improve the overall out
come in patients with MV A. This is further supported 
by the results of the CASCADE study (17), in which 
survival was significantly greater and cardiac mortality 
lower in the empiric amiodarone treatment arm than 
in the PVS-guided class I antiarrhythmic drugs arm. 

These results indicate the superiority of the drug
specific responses over technique-specific responses 
and confirm that class I antiarrhythmic drugs, even 



guided by PVS, are inferior to therapy with empmc 
amiodarone or beta blockers and therapy with sotalol 
guided by Holter monitoring or PVS. Therefore, these 
data essentially limit the choice of antiarrhythmic 
drugs to class II or III agents in all patients with MV A. 

On the other hand, there are now several lines of 
evidence from controlled clinical trials which indicate 
that neither the use of ICD nor the use of therapy 
guided by PVS or Holter monitoring may be the ap
propriate gold standard for judging therapy of MV A. 

In a recent provocative editorial, Singh (18) re
ported data from Montefiore Hospital (19) demon
strating that ICD therapy in patients with MV A does 
not carry a dramatically better prognosis than PVS
guided therapy with class I antiarrhythmic drugs. As
suming that the Montefiore data are valid, Singh (18) 
suggested that, used empirically, amiodarone, as in the 
CASCADE study (17), beta blockers, as in the study 
of Steinbeck (16), or therapy guided by Holter moni
toring or PVS using sotalol, as in the ESVEM study 
(15), as mono therapy is likely to be superior to the use 
of ICD alone in improving survival in comparable pa
tients with MV A. There are theoretical considerations 
which also suggest that, in the absence of any con
trolled comparison, this is a reasonable presumption: 
ICD has no impact on the state of substrate or its mod
ulating factors, the prime determinants of the nature 
and severity of electrical instability that give rise to 
MVA. 

All these data indicate that the benefits of the ICD 
implantation should be demonstrated to be larger or 
equal to the best available medical management. Since 
comparison of ICD implantation with drug therapy as 
the first-line treatment has never been tested, it is pos
sible that drug therapy could either be equivalent to, 
superior to, or worse than that with ICD. Therefore, 
controlled (sufficiently large) clinical trials comparing 
the best medical regimens (beta blockers, amiodarone, 
or sotalol) with ICD need to be performed to deter
mine the comparative effects in MV A. Such trials 
should use randomization, analysis by intention to 
treat, and total mortality as the primary endpoint. 

That such trials are not only ethically justified 
even in high-risk patients (considering the weak data 
supporting the overall clinical benefits from the lCD, 
its high cost, the significant morbidity associated with 
its implantation, and the availability of at least two rel
atively simple forms of therapy with substantial proof 
of efficacy), but also urgently needed is confirmed by 
several editorials published in recent cardiologic litera
ture. 

Saksena et al. (20) acknowledged the need for 
more clinical trials for current indications of lCD, 
since if drug therapy is demonstrated to be at least as 
effective in reducing total mortality as ICD and the 
side effects profile was not significantly worse, the 
higher cost of ICD may be counterbalanced in many 
patients. 

Kim (21) correctly emphasized the importance of 
the total mortality rate as the primary endpoint in the 
much-needed multicenter trials comparing ICD with 
the best alternative therapies. Sweeney and Ruskin 
(22) confirmed that ICD implantation markedly re
duces the risk for SCD in diverse popUlations; howev-
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er, the benefit is predictably limited in certain subsets 
of patients and more dramatic in others. Therefore, fu
ture randomized trials should permit a rational, com
plete, and unbiased assessment of the clinical benefit, 
addressing one fundamental question: which patients 
are most likely to derive a significant benefit in terms 
of survival from the ICD implantation. Obviously, pa
tients must be followed up long enough to determine 
the real value of ICD. Adequate follow-up is impor
tant since in patients with preserved left ventricular 
function the relative benefit of ICD in terms of sur
vival compared with drugs is likely to be a late one and 
may not be demonstrated for years after follow-up. 
Conversely, in patients with depressed left ventricular 
function, the relative survival benefit of ICD in terms 
of survival is likely to be early but may not be sus
tained, since over time the survival advantage will dis
sipate. The point at which this occurs cannot be deter
mined without a randomized trial with adequate fol
low-up. 

Similarly, Zipes (23) argued that several important 
questions must be answered: can ICD really be ade
quate as a gold standard? Does it reduce overall or to
tal mortality compared with the best medical therapy? 
Indeed, is that the correct question to ask? Or should 
we accept the fact that ICD successfully terminates 
MV A and should we be implanting ICD in all patients 
who survive a cardiac arrest? Or are there subgroups 
in whom we can eliminate competing causes of death 
so that their risk of dying is from MV A alone, and 
should only they receive the ICD? Are patients with 
reduced left ventricular function more likely to suffer a 
non arrhythmic death and therefore not profit from 
ICD implantation? Are patients with cardiac arrest re
sulting from VF more likely to have a cardiac arrest re
currence, and with that the possible need for an lCD, 
than the patients with stable but recurrent episodes of 
sustained-ventricular tachycardia (SVT)? Might pa
tients with chronic, stable SVT benefit from the anti
tachycardia pacing (ATP) capabilities of ICD? At
tempts to answer these and related issues about the 
use of ICD based on reports in the literature often fall 
short of completely satisfying careful scientific scruti
ny. Until we directly randomize ICD against the best 
medical management, we will not know which therapy 
is best in general or for a specific patient group. To an
swer some of the questions raised above, prospective, 
randomized, multicenter trials are needed. 

Although such trials have been called into ques
tion (24-26) we are fortunate that at least three large, 
randomized trials are now in progress: the CASH 
(Cardiac Arrest Study Hamburg), the CIDS (Canadian 
Implantable Defibrillator Study), and the AVID 
(Amiodarone Versus Implantable Defibrillator) trial. 
(On the other hand, the CAST - Cardiac Arrhythmia 
Suppression Trial - was similarly questioned, and in 
this study a therapy that was felt to be beneficial was 
proved to be harmful.) 

In the CASH trial (29), patients with previous car
diac arrest and inducible MV A are randomized to the 
ICD group or to one of three drug treatment groups, 
each with a different mechanism of action: 
propafenone guided by PVS, empiric metoprolol, or 
empiric amiodarone. 



In the CIDS trial (30), patients with cardiac arrest, 
VT with syncope, symptomatic VT, and EF less than 
36% are randomized to empiric amiodarone or to the 
ICD group. 

In the AVID trial (31), patients with cardiac ar
rest, VT, with syncope and symptomatic VT and EF 
less than 41 % are randomized to the empiric amio
darone or guided sotalol and to the JCD group. 

In all these trials the primary endpoint is total 
mortality, and the antiarrhythmic drug treatment is 
mostly empiric. Today, sufficient data exist from con
trolled and uncontrolled studies to make a good case 
for using empiric amiodarone (although it is not partic
ularly effective in preventing electrically induced 
MV A, it does appear to have a favorable impact on 
spontaneous MV A and death: low specificity of PVS 
during amiodarone therapy). Therefore the Planning 
Committee of AVID felt that the evidence was suffi
ciently good to support the empiric use of amiodarone. 
Moreover, it feared inappropriate crossover of patients 
to the ICD arm of the study if patients were not sup
pressed, only partially suppressed, or had poor hemo
dynamic tolerance of induced MV A while receiving 
amiodarone. On the other hand, although PVS-guided 
therapy was well established as a standard practice, the 
efficacy of PVS-guided antiarrhythmic drug therapy 
was never established in controlled trials, since physi
cians were not willing to randomize patients with 
MV A to no therapy. (Similarly, we will probably never 
see a large scale randomized clinical trial that com
pares JCD with no therapy in patients with MV A. 
Thus, the magnitude of the improvement in the overall 
survival rate caused by ICD for patients with MV A 
will remain unknown.) 

The Netherlands Cost-Effectiveness Study (32) 
was recently completed, the first to be published in 
which survivors of cardiac arrest due to late postmy
ocardial infarction MVA were randomized to an JCD 
implantation or conventional antiarrhythmic drug 
group, first guided by serial electro physiologic testing. 
Although the number of patients was very small, this 
study demonstrated that ICD is superior to class I an
tiarrhythmic drugs for patients with postmyocardial in
farction MV A. However, it is important to stress (33) 
that it has still not been shown whether ICD is better 
than class II or III antiarrhythmic drugs. 

We must await the completion of the CASH, 
CIDS, and A VJD trials for this information, from 
which we will learn how ICD and the best drug thera
py compare with respect to survival, arrhythmic recur
rences, quality of life, and cost-effectiveness. 

Preliminary data from these trials are interesting. 
Regarding the CASH trial (33), the propafenone arm 
was stopped because of high mortality, but the other 
therapies are being continued because there appear to 
be no significant differences in total mortality among 
the three groups. It is important to emphasize that 
none of these trials can accurately estimate the magni
tude of ICD benefits, because each has a positive con
trol group, i.e., ICD treatment is being compared to 
drug therapy. The apparent advantage of ICD treat
ment over propafenone found in the CASH trial might 
represent a substantial benefit of ICD or a moderate 
or no benefit of JCD combined with substantial harm 
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from propafenone. It would not be surpnsmg if 
propafenone doubled the overall mortality rate, since 
this was the magnitude of adverse effects on mortality 
seen with class I drugs in the CAST trial. If this is so, 
then the results indicate no benefit of JCD on overall 
mortality. 

Regarding the cms trial (33), the Data Safety 
and Monitoring Board has found no reason to stop the 
study. In the A VID trial (33), the preliminary feasibili
ty study that randomized 200 patients to the amio
darone (a small number received sotalol) or to the 
ICD group has been completed and another 150 pa
tients have been randomized into the main portion of 
the study. To date, the number of crossovers between 
amiodarone and ICD has been small and equal in both 
directions. 

Thus, these preliminary data from three large, ran
domized trials raise the possibility that, while JCD may 
reduce SCD mortality, there may be no difference in 
total mortality between amiodarone (and metoprolol 
in the CASH trial) and ICD. However, before making 
any conclusion, it must be emphasized that these stud
ies are ongoing and, until the results are obtained, it 
appears prudent to exercise restraint in rapidly escalat
ing the use of ICD in the treatment of MV A as the 
first-line therapy, especially the extension of its appli
cation to a patient population in which the benefit has 
not been convincingly demonstrated by controlled ob
servations (18). 

It is important to recognize, as suggested by Kap
penberger (1), that all of us who implant ICD and 
elaborate guidelines will do and write what they be
lieve, based on what they see in individual cases, but 
not yet backed up by scientific and statistically accept
able data that would irrefutably demonstrate the bene
fits and limitations of ICD. 

The time has come for us (27) to show that the 
therapies we apply really are the best available rather 
than simply the ones that we think are the best avail
able. 
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Introdnction 

Fifteen years after the first implantation of an auto
matic defibrillator in humans (1), therapy with im
plantable cardioverter defibrillators (ICD) might be
come the therapy of first choice in patients with malig
nant ventricular tachyarrhythmias in the near future 
(2). The first ICD had no cardioversion and defibrillat
ed the patient once a rhythm was observed above a 
fixed nonprogrammable heart rate (1). Defibrillation 
occurred after a fixed duration with a fixed energy. 
The ICD had to be implanted by a thoracotomy, as at 
least one defibrillation patch had to be positioned epi
cardially. Due to its volume of 145 ml, the device had 
to be implanted abdominally. Since 1980, major techni
cal developments have been made which have im
proved ICD therapy and facilitated its widespread use 
(3). 
• In 1988, programming of detection rate, energy (low 
energy cardioversion), and duration until defibrillation 
(so-called second generation ICD) 
• Also in 1988, transvenous-subcutaneous defibrilla
tion leads, thus no need for thoracotomy 
• In 1989, addition of pacing, especially antitachycar
dia pacing, to ICD functions and addition of multiple 
detection, redetection and therapy programming op
tions (so-called third generation ICD) 
• In 1990, biphasic defibrillation waveforms which im
proved defibrillation efficacy and practically abolished 
the need for thoracotomy due to high defibrillation 
thresholds with transvenous-subcutaneous defibrilla
tion leads 
• In 1993, reduction in size of ICD allowing for pec
toral instead of abdominal implantation 
lCD, can now (in 1995) be implanted with a very low 
perioperative mortality (less than 1 %) in practically 
100% of patients without thoracotomy using transve
nous or trans venous-subcutaneous leads (4), and in 
most patients the device can be implanted pectorally 
similar to a pacemaker (5). However, the management 
of patients with lCD, is still troublesome and requires 
further improvements in ICD technology: 
• The size of the device is about the same as that of a 
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pack of cigarettes and causes cosmetic concerns in 
many patients, especially with pectoral implantations 
• Battery longevity is only 3-5 years 
• Leads show an unacceptably high failure rate of ap
proximately 10% within 2 years (6, 7) 
• Inappropriate ICD therapies are used in up to 30% 
of patients (3) 
• Clusters of shocks occur in up to 40% of patients (8) 
• Driving restrictions present a hardship for patients 
(9) 
• Programming of ICD and handling of ICD memory 
data is too time-consuming and prone to failures 

We will review how upcoming improvements of 
ICD technology might solve these clinical problems in 
the management of ICD patients. 

Device Size 

The volume of the ICD has declined (Fig. 1) from 145 
ml (AID, Intec) to 60 ml (Sentinel model 2000, 
Angeion). Current ICDs are densely packed and a fur
ther size reduction can only be achieved by reducing 
the size of components. A reduction of ICD thickness 
might be most important to achieve better cosmetic re
sults with pectoral implantations. The components 

Fig. 1. Decline of implantable cardioverter defibrillator (ICD) size 
shown for the rCD (Medtronic). The original model 7216A of 1989 
had a volume of 209 mI , the model 7217B of 1990 a volume of 113 
ml and the model 72190 of 1993 a volume of 83 m!. Diameters 
were 27, 20, and 18 mm, respectively 



which determine the thickness of the ICD are the 
cylindrical capacitors. A decrease can be achieved by 
using a new flat capacitor technology or using lower 
capacitances with current capacitor technology. While 
in 1995 no ICD with a flat capacitor technology have 
started to be clinically evaluated, the first implanta
tions of an ICD with a lower capacitance have already 
occurred (Sentinel model 2000, Angeion). However, 
smaller capacitances are associated with lower maxi
mum energy output (10) and can only be used in cer
tain patients unless better waveforms or leads help to 
improve defibrillation efficacy (11). While the biphasic 
shape of the waveform seems to be optimal and cannot 
be improved by additional phases (12), ongoing re
search has to identify the ideal durations (or tilts) as a 
function of capacitance and defibrillation lead imped
ance (11). Based on this information, forthcoming 
lCD, might automatically alter their waveform based 
on the defibrillation impedances measured. Addition
ally, defibrillation might be achieved with less energy if 
the timing of energy delivery is optimized (14-16). Im
provements of defibrillation efficacy by new leads 
and/or lead configurations might be achieved by 
adding a third defibrillation electrode to the right ven
tricular/active can configuration (17) to reduce defib
rillation impedance and improve the defibrillation 
field. An additional defibrillation electrode placed sub
cutaneously at the l~ft dorsolateral chest (13, 18; Fig. 
2) or in the superior vena cava (19) might be used in 
the future . 

Battery Longevity 

Battery longevity of current lCD, (Fig. 3) is short in 
comparison to pacemakers (20). Assuming an average 
battery longevity of 4 years, at least 50% of all patients 
survive their first ICD and need device replacement. 
Device replacements are expensive and expose the pa
tient to a significant risk of ICD infection (21). Howev
er, battery capacities cannot be increased if smaller de
vices are desired. Thus, energy consumption has to be 
minimized. Three different sources of energy con
sumption can be identified: 
• Monitoring background current 
• Bradycardia pacing current 
• Energy used for cardioversion and defibrillation 
charging 

In the future, monitoring circuits might use im
proved low current components. Furthermore, instead 
of running several monitoring circuits in parallel, mon
itoring functions have to be used in a hierarchical or
der to avoid high current drain from the battery. The 
rate of the ventricles and perhaps the atria as well as 
the electrograms from the sensing and perhaps defib
rillation electrodes should not be continuously moni
tored in parallel. Only when the rate criterion is ful
filled by the ventricles additional monitoring functions 
should be started. In contrast, some devices (Fig. 4) 
currently continuously monitor the electrogram, thus 
allowing to store a few beats before the onset of the 
tachycardia. In the future, this function might be acti
vated automatically and temporarily once a shock has 
occurred to collect information about the prearrhyth-
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Fig. 2. SUbpectorally implanted cardioverter defibrillator (PCD 
model 7218SP1) with an active shell used as defibrillation anode in 
combination with a two-finger array lead implanted subcutaneously 
at the left dorsolateral chest (Transvene model 13014). The multi
functional right ventricular lead serves as the defibrillation cathode 
(Transvene model 69:?6) 
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Fig. 3. Battery longevity of 227 second- and third-generation im
plantable cardioverter defibrillators (ICD) implanted at our institu
tion. lCD, of patients who died or lCD, which were explanted due 
to other reasons were not included 

Fig. 4. Stored electrograms of a tachycardia treated by an im
plantable cardioverter defibrillator (PRx II, CPI) by cardioversion. 
The ICD has stored 10 s of electrograms before the detection crite
rion was fulfilled, showing a sinus rhythm of 90 beats per min with 
two premature beats and the onset of a ventricular tachycardia of 
170 bpm. Another 10 s were stored while the capacitors were 
charged and the tachycardia was reconfirmed, showing a stable 
tachycardia. After termination by cardioversion further 10 s of 
electrograms were stored, showing a sinus tachycardia of 120 bpm 



mia rhythm for subsequent episodes, especially if these 
occur in clusters. 

Cadence model VllO ICD pacing significantly re
duces battery longevity. Ventitrex predicts that the 
longevity of their Cadence V110 ICD will be short
ened from 4.5 years to 3.8 years once pacing is used 
100% instead of 0% and one shock per month is deliv
ered. While few ICD patients are fully pacemaker de
pendent, many are using beta-blocking agents. Thus, 
some degree of VVI pacing cannot be avoided. In 
comparison to pacemakers, current ICD leads show a 
poor performance in terms of the acute and chronic 
pacing thresholds (22). Improved designs of the lead 
tip including steroid diluting tips will be evaluated in 
the next few years. 

Frequent shocks might also significantly decrease 
battery longevity. Charging of capacitors decreases 
longevity by approximately 0.2-0.6 days for every 1 J 
(23). Energy consumption by shocks can be decreased 
by 
• Decreasing the energy used for cardioversion/defib
rillation 
• Decreasing the number of inappropriate shocks 
• Decreasing the number of appropriate shocks 

The energy needed for a single shock can be de
creased by improved waveforms and/or defibrillation 
leads, as discussed above. However, primary ventricular 
fibrillation (VF) is rare, and most patients receive 
shocks for ventricular tachycardia (VT). Energies need
ed for cardioversion might be substantially reduced if 
the ICD would distinguish between VF and VT (24) and 
deliver a different waveform for VT than for VF (25). 
Technological improvements which might decrease the 
number of inappropriate shocks will be discussed below. 

Reduction of Failure Rate of Leads and Injuries Due 
to Leads 

Recent reports on the long-term stability of transve
nous( -subcutaneous) defibrillation leads have shown 
unacceptably high failure rates with the need for oper
ative revisions (6, 7, 26). Additionally, significant rates 
of complications (perforation, thrombosis, infection, 
etc.) have been reported (3, 6). In one lead showing a 
high failure rate (Endotak 60 and 70 series), lead de
sign changes have been made to reduce lead fractures 
and insulation failures (Endotak DSP). The diameter 
of leads has already been reduced to some degree (En
dotak 60 and 70 series, 12 F; Endotak DSP, 10 F) (27) 
to avoid thrombosis and perforation due to stiff leads 
(3). Further reductions to diameters as low as 5 Fare 
possible (28-30). Use of two separate right ventricular 
leads for defibrillation and sensing/pacing (28) might 
acutely yield better defibrillation and sensing/pacing 
results as both electrodes could be used in optimal po
sitions. In addition, deterioration of sensing/pacing due 
to high defibrillation currents could be prevented. 

Reduction of the Rate of Inappropriate Shocks 

Approximately 10%-30% of all patients experience 
inappropriate ICD therapies (3). Inappropriate ICD 
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shocks cause pain, consume energy, and might even 
induce ventricular tachyarrhythmias. Inappropriate 
ICD therapies due to sinus tachycardia or rapidly 
conducted atrial fibrillation might be avoided to a 
substantial degree using the onset and stability crite
ria of current devices (31, 32). However, fairly regu
lar atrial tachycardias such as atrial flutter with a 
fixed conduction ratio to the ventricles cannot be dis
tinguished from VT with current ICD,. Ideally, an 
atrial signal should be integrated into the algorithm 
to distinguish between atrial and ventricular tachy
arrhythmias (33). After a great deal of research had 
been done in this area, an ICD has finally started to 
be clinically evaluated (Defender, Ela Medical) using 
a dual-chamber lead system introduced in 1993 (En
guard, Telectronics) (34). Other dual-chamber lCD, 
using new algorithms to classify tachycardias are be
ing developed (35). However, lead positioning and 
stability problems inherent to bifocal pacing lead sys
tems might limit these defibrillation lead systems to 
those ICD patients who require dual-chamber pac
ing. As in dual-chamber sensing ventricular pacing 
systems (VDD) (36,37), a single pass lead system in
cluding an atrial sensor might be used in future lCD, 
instead. Another approach to differentiate atrial 
from ventricular tachyarrhythmias uses the width of 
the ventricular signal detected from the defibrillation 
leads. Although this approach was used without 
great success in early lCD, (Ventak P, CPI), a new 
device using a more sophisticated approach is cur
rently being investigated (PCD Jewel model 7218, 
Medtronic). In this lCD, the width measurement is 
individualized in terms of the unique QRS complex
es recorded in each patient during basic rhythm and 
ventricular tachycardia. 

Reduction of the Rate of Appropriate Shocks 

lCD, are implanted to terminate VTNF by cardiover
sion/defibrillation. However, shocks are painful and 
consume energy. Cluster shocks might cause a state of 
anxiety (38). Antitachycardia pacing has reduced the 
number of shocks needed in many patients (3). Howev
er, a significant subgroup of patients still experiences 
frequent shocks which cannot be avoided by antitachy
cardia pacing. Thus, methods which might prevent ven
tricular tachyarrhythmias are being sought. Pacing al
gorithms which prevent inductions of ventricular tach
yarrhythmias by short-long R-R interval sequences are 
currently being investigated and might be integrated in
to an investigational ICD in the near future (39). Other 
techniques of VT prevention such as high current pac
ing or ultrarapid subthreshold stimulation are feasible 
with epicardial electrodes (40-42). However, endocar
dial electrodes require detailed mapping and placement 
of the electrode close to a critical site of the VT circuit, 
which might not be achieved from the right ventricle. 
Theoretically, prevention of VT might also be achieved 
by continuous administration of antiarrhythmic drugs 
from the leads (43) or drug delivery (44) initiated once 
precursors of ventricular tachyarrhythmias like low 
heart rate variability, ventricular runs, or myocardial is
chemia have been detected (45). 



A voiding Driving Restrictions for Implantable 
Cardioverter Defibrillator Patients 

In addition to pain and anxiety caused by shocks, dri
ving restrictions are the major hardship for ICD pa
tients (9). Two reasons account for the driving restric
tions: 
• Pre syncope and syncope despite ICD therapy (46, 
47) 
• Significant pain during shock delivery (38) 

As driving restrictions have to consider the likeli
hood of an accident and should not prevent all con
ceivable possibilities, technological developments 
should be directed at reducing syncopes and uncon
trolled reactions due to painful shocks. Reduction of 
the rate of appropriate and inappropriate shocks, as 
described above, is one way to reduce the risk. Syn
copes during hemodynamically not tolerated ventricu
lar tachycardias (VT) are correlated to the time need
ed to terminate VT. These VT might be terminated by 
antitachycardia pacing (ATP). However, the success, 
the number of sequences, and the duration needed for 
termination is not predictable and might differ be
tween different VT episodes. Thus, ATP for VT that 
are not tolerated hemodynamically is not an ideal way 
to avoid syncope. A better approach would be an in
stant shock once the VT is detected. The detection 
usually takes 4-6 s for these fast VT, which is too short 
to cause syncope. However, maximum shock energies 
usually used for these fast VT have to be stored on the 
capacitors before the shock can be delivered. For a 
Ventak P3, this takes approximately 9 s, sufficient ad
ditional time to cause syncope in some patients. If the 
technical developments descrieed above were able to 
improve the defibrillation efficacy, the time until suc
cessful termination of fast VT might be shortened sig
nificantly, e.g., if only 10 J were required for defibrilla
tion, these 10 J would be available in a Ventak P3 
within 2 s. Additionally, future lCD, might attempt to 
terminate fast VT by ATP and charge the capacitors in 
parallel to deliver a shock if ATP fails. 

Simplifying Programming of Implantable Cardioverter 
Defibrillators 

The present generation of lCD, has a high number of 
programmable variables, e.g., up to 106 variables in 
case of the Ventak PRx III. In addition, these pro
grammable variables differ between different devices. 
Sometimes, the values programmable for the same pa
rameters in different devices have a different meaning; 
e.g., the onset criterion of the PCD Jewel and the Ven
tak PRx III have to be programmed with opposing 
percentages. Therapy histories retrieved from the 
memory of the device might cover hundreds of 
episodes with hundreds of R-R intervals and more 
than 1 min of electro grams for the last few episodes. 
Thus, dealing with present lCD, is demanding and 
time-consuming. 

Future lCD, will gradually develop into expert sys
tems which will require information on the hemody
namic tolerance of VT and then decide which therapy 
to use based on this information after automatic classifi-
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cation of the tachycardia. Rate criteria, additional de
tection criteria, and different zones of therapies will no 
longer have to be programmed, and any tachycardia will 
be classified as nonventricular or ventricular and hemo
dynamically tolerated or not tolerated. ATP will be pro
grammed automatically in every patient for tachycardia 
rates which are hemodynamically tolerated (48). Based 
on success or acceleration rates, the therapies will be al
tered automatically, e.g., the PCD Jewel model 7218, 
currently under clinical investigation, can decide on the 
further use of an anti tachycardia pacing mode based on 
previous success rates ("smart mode"). A hemodynamic 
sensor could further reduce the programming require
ments and let the ICD decide when to use ATP or car
dioversion/defibrillation. However, no stable sensor is 
foreseeable yet which would safely allow us to predict 
hemodynamic intolerance of a VT early after onset of 
the VT (29, 49). 

Information on therapies retrieved from the ICD 
will be presented to the physician as a graphical pre
sentation in different layers of details indicating how 
changes of the detection and therapy algorithm influ
enced the outcome, e.g., the 9874 software for the 
PCD Jewel model 7218 represents the R-R interval of 
an episode graphically instead of listing hundreds of R
R intervals. 

Other Future Developments 

In addition to new ICD technology aimed at improv
ing performance of the devices in the treatment of ven
tricular tachyarrhythmias, other technologies might be 
added to ICD which are not covered by this aspect. 
These technologies include biventricular pacing to 
ameliorate congestive heart failure (50), antitachycar
dia pacing in the atria to terminate atrial flutter and 
atrial tachycardias (51), and cardioversion in the atria 
to terminate atrial fibrillation (52). 
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Spontaneous Asystolic Pauses: How Frequent Is 
a Neuromediated Mechanism? 
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Introduction 

In a patient evaluated for syncope, the recording of a 
symptomatic ventricular asystole during electrocardio
graphic monitoring is usually regarded as a sign of se
vere dysfunction of the sinoatrial node or of the atri
oventricular node with an ominous outcome; therefore 
pacemaker therapy is usually initiated. Recent studies 
have shown that a neurocardiogenic mechanism is the 
hidden, real cause of syncope in most patients present
ing with asystolic pauses, which mistakenly suggest an
other cause for syncope. The identification of the neu
rocardiogenic mechanism has important clinical impli
cations for prognosis and therapy. 

Prevalence of Asystolic Pauses During 
Electrocardiographic Monitoring 

In patients affected by unexplained syncope, a pause 
>3 s (symptomatic or asymptomatic) was found in 47 
(2.5 %) out of 1895 patients during 24-h electrocardio
graphic monitoring (Table 1). The asystolic pause was 
due to sinus arrest or paroxysmal atrioventricular 
(A V) block or atrial fibrillation with prolonged ven
tricular asystole, roughly in similar percentages. The 
prevalence of asystolic pauses in patients with syncope 
was significantly higher than the 1.1 % value observed 
in the total population (105 of 9090 recordings) and 
the 0.2% value observed in healthy subjects (lout of 
654 recordings) undergoing 24-h electrocardiographic 
monitoring (1-13). 

Mechanisms of Syncope Caused by a Ventricular 
Asystole During Electrocardiographic Monitoring 

Recently we have prospectively investigated a series of 
consecutive patients with fortuitous documentation of 
intermittent syncope due to ventricular asystole who 
subsequently presented with no evident abnormality in 
order to clarify the exact mechanism of the episode 
(14). The study group consisted of 25 patients, with a 
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mean age 66±15 years. They accounted for 1.8% of the 
total of 1094 patients with syncope referred to our in
stitutions. A prolonged ventricular asystole (5-20 s; 
mean 9.5±3.5) was documented during syncope in all 
patients. The asystolic episode was due to a sinus ar
rest in 13 patients, A V block in 7 patients, sinus arrest 
plus A V block in 3 patients, and asystolic pause during 
atrial fibrillation in 2 patients. All the patients under
went a full electrophysiologic study, carotid sinus mas
sage and head-up tilt test, baseline and, if negative, po
tentiated with sublingual trinitrin. Electrophysiologic 
testing and vasovagal maneuvers were able to identify 
the mechanism responsible for spontaneous brady
cardic syncope in 23 (92%) of 25 patients. Based on 
the results of these tests, the likely final diagnosis was: 
sinus-node dysfunction - both intrinsic and extrinsic -
one patient (4 %); infrahisian A V block, 5 patients 
(20%); neurally mediated syncope, 17 patients (68%); 
and unknown, two patients (8%; Fig. 1). A positive re
sponse to carotid sinus massage or head-up tilt test or 
both was found in 20 patients (80%). Abnormal re
sponses to carotid sinus massage were found in 14 pa
tients (56%). The mean length of the induced pause 
was 8.6±2.2 s (range 5.8 to 13.5); the pause was due to 

Table 1. Prevalence of asystolic pauses >3 s during Holter monitor
ing 

Reference Disease Asystole (n pts) >3 s 

(1 ) Healthy 11183 0.5% 
(2) Healthy 0/26 0.0% 
(3) Healthy 0/50 0.0% 
(4) Healthy 0/260 0.0% 
(5) Healthy 0/50 0.0% 
(6) Healthy 0/32 0.0% 
(7) Healthy 0/20 0.0% 
(8) Healthy 0/33 0.0% 

(9) Various 5311350 0.2% 
(10) Various 52/6740 0.8% 

(11) Syncope 9/235 0.4% 
(12) Syncope 1711512 0.1 % 
(13) Syncope 211148 .14% 



I 
Spontaneous syncopel 

25 pts 

I l 

I 
EP study -

I I EP study + 
19 pts 6 pts (24%) 

I 
I CSM or HUT +] 

17 pts (68%) 

CSM + 11 pts HUT + 10pts 
asystolic 11 asystolic 7 
nonasystolic 0 nonasystolic 3 

Fig. 1. Underlying mechanisms of asystolic syncope. EP, electro
physiologic; CSM, carotid sinus massage; HUT, head-up tilt test 

sinus arrest in 11 cases, A V block in two cases, and 
A V block with marked sinus-rate slowing and sinus ar
rest in one case. The same type of responses in both 
spontaneous and induced asystole was found in 11 
(79%) of 14 patients. Carotid sinus massage was posi
tive in the patient with sick sinus syndrome; thus, in 
this case, two different mechanisms (one intrinsic and 
one extrinsic) were found to have caused syncope. 
Two patients who had spontaneous A V block and ab
normal electrophysiologic study results had positive 
asystolic responses to carotid sinus massage, which 
therefore were probably unrelated to the spontaneous 
syncope. Abnormal responses to the head-up tilt test 
were found in ten (40%) of the patients: the test was 
positive in the baseline phase in eight cases and in the 
trinitrin phase in two cases. The response was asystolic 
in 7 cases (mean pause 14.3±8.3 s) and non-asystolic in 
3 cases. The same type of response in both sponta
neous and induced episodes was found in seven (70%) 
of the ten patients. 

Thus, in patients who present with syncope due to 
intermittent ventricular arrest, the mechanism of syn
cope seems to be neurogenic in most cases and cardio
genic in only a minority of cases. This datum is not sur
prising if we consider that in the literature the neuro
genic mechanism is considered to be the most frequent 
cause of syncope, while the cardiogenic mechanism ac
counts for 8%-29% of cases. 

Adenosine-Mediated Asystolic Syncope? 

We have recently proposed a new mechanism for syn
cope in some patients in whom all conventional inves
tigations, including vasovagal maneuvers and electro
physiologic study, were negative (15). 

Adenosine, a ubiquitous biological compound with 
potent electrophysiologic activity on the A V node, is a 
potential cause of extrinsic paroxysmal A V block dif
ferent from the neurally mediated mechanism, but 
clinical evidence of this is lacking (16). We have ob
served two patients who had a syncopal episode during 
electrocardiographic monitoring which showed a pro
longed pause due to paroxysmal A V block at time of 
syncope. No other rhythm disturbance was observed. 
The first patient was a healthy female, 50 years old; 
during the previous 2 years, she had complained of six 
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syncopal episodes which had occurred without any 
prodromal symptoms or causative events; one of these 
was due to an A V block with an 8-s ventricular pause 
followed by immediate full return to normal heart 
rhythm. The second patient was a 68-year-old male, af
fected by Prinzmetal's angina and chronic atrial flutter; 
the thallium stress test results and coronary an
giograms were normal. During the previous 6 months, 
he had complained of three syncopal episodes that al
ways had occurred during anginal attacks. The electro
cardiographic monitoring during a typical anginal at
tack revealed a marked elevation of the ST segment 
which lasted 3 min; 1 min after the beginning of the is
chemic episode, a sudden 12-s ventricular pause oc
curred and the patient fainted; this was followed by ir
regular rhythm with ventricular premature beats for a 
few seconds. The spontaneous episodes could be re
produced by means of exogenous adenosine Y-triphos
phate (A TP) infusion (20 mg i.v. bolus, Striadyne, 
Wyeth). Within a few seconds after the end of the infu
sion, both patients developed sudden intranodal A V 
block with asystole of 11 sand 10 s, respectively, which 
caused syncope. This response was reproducible on 
different days, but not after administration of theo
phylline. In both patients the vasovagal maneuvers 
(carotid sinus massage, eyeball compression test, head
up tilt test, baseline and potentiated with nitrates) 
were negative; the electrophysiologic study showed 
normal A V conduction times baseline and after 1 
mg/kg i.v. ajmaline infusion. The first patient was 
treated with oral theophylline 700 mg/day and the sec
ond with oral verapamil 240 mg/day; they both re
mained asymptomatic during the following 14 and 8 
months, respectively. 

ATP and its related nucleoside adenosine are 
ubiquitous biological compounds with potent electro
physiologic activity on the A V node. ATP and adeno
sine are released from myocardial cells under physio
logic and pathological conditions (for example, in the 
case of myocardial oxygen supply-demand imbalance) 
and have similar effects. The negative dromotropic ac
tion of A TP is due to its rapid catabolism to adenosine 
and the subsequent action of adenosine at purinocep
tor sites (17,18). Therefore, it is possible that an abnor
mal release of endogenous adenosine or an increased 
sensitivity of purinoceptors or both could cause A V 
block in the absence of an intrinsic disease of the A V 
conduction or of an abnormal neural reflex. In our two 
patients, exogenous ATP exactly reproduced syncope 
and spontaneous electrocardiographic pattern. No oth
er known mechanism able to cause paroxysmal A V 
block seemed to be present, neither intrinsic (A V con
duction disease) nor extrinsic (through an activation of 
neurally mediated cholinergic receptors). In one case 
the spontaneous A V block was clearly linked to a tran
sient myocardial ischemic episode, a condition under 
which endogenous ATP and adenosine are likely to be 
released. In healthy subjects and in patients affected 
by neurally mediated syncope, ATP infusion is unable 
to cause ventricular pauses as prolonged as those ob
served in our cases, although minor conduction distur
bances are frequent (16). The etiologic therapy with 
theophylline, an adenosine antagonist, and with vera
pamil, for the prevention of coronary spasm, seemed 



to be efficacious in preventing syncopal recurrences. 
Thus, an "adenosine-mediated syndrome" could be the 
underlying mechanism in some cases of unexplained 
syncope. 

Practical Implications 

A different therapeutic approach, other than back-up 
pacing therapy, may be considered for patients with 
syncope due to neurocardiogenic asystole. Indeed, 
from a theoretical point of view, therapy should first 
be aimed at preventing the onset of abnormal reflex
es. Therefore, therapy able to prevent both cardioin
hibitory and vasodepressor reflexes appears to be 
reasonable as an alternative to, or in association with, 
pacemaker therapy. At present, however, there are 
no drugs which are reliably effective in the preven
tion of vasovagal syncope. Moreover, the benign 
prognosis of neurocardiogenic syncope makes it rea
sonable to avoid or to delay pacing therapy in less se
vere cases. 

Similarly, the etiologic therapy with theophylline, 
an adenosine-antagonist, and with verapamil, for the 
prevention of coronary spasm, seemed to be effica
cious in patients affected by adenosine-mediated asys
tolic syncope. 
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Introduction 

The neurally mediated syncopal syndromes (espe
cially the "common" or vasovagal faint) have long 
been recognized as being among the most frequent 
causes of syncope in humans (Table 1; 1-7). Nonethe
less, it is only recently (as the availability of tilt-table 
testing has increased physician awareness) that the 
pathophysiology and treatment of these syndromes 

Table 1. Neurally mediated reflex syncopal syndromes 

Vasovagal (emotional, common) faint 

Carotid sinus syncope 

Head-up tilt ! gravitational! postural syncope 

Increased intrathoracic pressure 
Cough syncope 
Sneeze syncope 
Trumpet player's 
Weight lifter's 
'Mess Trick' 
Valsalva-induced 

Postmicturition syncope 

Gastrointestinal stimulation 
Rectal examination 
Defecation syncope 
Gastrointestinal instrumentation 

Esophageal! nasopharyngeal stimulation 
Swallow syncope 
Glossopharyngeal neuralgia 
Oropharyngel esophageal 

Airway stimulation 

'Diving' reflex 

Drug-induced syncope 
Nitroglycerin 
Isoproterenol 
Sympatholytic agents, (e.g., bretylium, guanethidine) 
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have become the subject of widespread clinical inter
est (8-11). 

The principal elements comprising the reflex 
arcs responsible for neurally mediated faints may be 
classified as being located peripherally (e.g., organ
based receptors which respond to pain, chemical 
changes, or mechanical distortion) or centrally (vari
ous central nervous system [eNS] regions or tracts) 
(Fig. 1). 

The clearest example is in carotid sinus syn
drome (12-14). In this case it is the interaction of af
ferent neural signals from "peripheral" carotid 
artery baroreceptors with the eNS that triggers the 
syncopal episodes. Whether it is the peripheral re
ceptor which is "hypersensitive" or whether the fault 
lies centrally, or perhaps both, cannot be clearly 
identified in most cases. Similar arguments may also 
be made in both postmicturition syncope in which 
neural afferent signals arise from bladder wall recep
tors, and in posturally induced hypotension-brady
cardia in which peripheral cardiopulmonary recep
tors have been implicated (15, 16). In both of these 
cases central processing of afferent signals may be 
crucial in determining whether a faint occurs. On the 
other hand, in the form of vasovagal faint induced by 
fear, anxiety, or emotional upset, the eNS compo
nent predominates as both the source of afferent sig
nals to cardiovascular control areas in the medulla as 
well as the determinant of the efferent response. In 
these cases, the relevance of peripheral neural affer
ent signals is uncertain, yet they may still play an im
portant feedback role in the efferent limb of the re
flex arc. 

It is the goal of this review to address current un
derstanding of the roles played by central and periph
eral elements in the genesis of the most common 
forms of neurally mediated syncopal spells. To this 
end, the apparent contribution of peripheral and cen
tral elements to neurally mediated syncope is first ex
amined in general, following which we focus on the 
so-called spontaneous vasovagal faint as modeled by 
posturally induced, neurally mediated hypotension
bradycardia. 



N-M-S SYNDROMES 

'Vasovagal' Faint 
( pain, stress, anxiety ... ) 

Cough Syncope 
Head-Up Tilt 

Carotid Sinus Syndrome 

Syncope with 
Myocardial Ischemia 

Airway Stimulation 
Swallow Syncope 

GI Stimulation Syncope 
Post Micturition Syncope 

AFFERENT 
PATHWAYS 

Cerebral Cortex 

Cardiac and I or 
Cardiopulmonary 

Mechanoreceptors 

Carotid Baroreceptors 

Cardiac 
Chemoreceptors 

:t: Mechanoreceplors 

Airway I Pulmonary 
Receptors 

GI / GU 
Mechanoreceptors 

IX, X 

IX, X 

Myelinated and 

V, VII, VIII 

X, Spinal Cord 

pars 

EFFERENT 
PATHWAYS 

~EE'~llic (+) 

Heart: 
J. Hearl Rate 
J. AV Conduction 

L ....--_O_U_T_C_O_M_E---, 

Bradycardia I 
Hypotension 

sympathetic (-) r 
1 

Feedback via 
Carotid Baroreceptors 

Fig. 1. The most common neurally mediated syncopal (N-M-S) syndromes and their principal afferent and efferent eNS connections. OJ, gas
trointestinal; 0 U, genitourinary 

Overview of Peripheral and Central Aspects of the 
Nenral Reflex in Neurally Mediated Syncopal 
Syndromes 

Afferent Limb 

Afferent neural signals in many of the neurally mediat
ed syncopal syndromes originate from non-CNS pe
ripheral receptors which respond to mechanical (e.g., 
increased or decreased wall stress) or chemical (e.g., is
chemia-induced) stimuli, or pain (Fig. 1). The proto
type is carotid sinus hypersensitivity. In this case, me
chanical stimulation of the region now known to incor
porate the carotid sinus baroreceptors results in affer
ent impulses within the carotid sinus nerve which itself 
travels primarily within the glossopharyngeal nerve. 
These impulses are transmitted to the nucleus soli tar
ius in the medulla, a site closely related to the dorsal 
and ambiguous nuclei of the vagus nerve (2). The ef
ferent response may incorporate slowing of heart rate, 
negative dromotropic effects at the level of the atri
oventricular node, and vasodilatation. 

From the clinical perspective, the various neurally 
mediated syndromes are distinguished from each other 
primarily by the site or nature of the initiating stimulus. 
Thus, the principal receptors (whether peripheral or cen
tral) which initiate neural afferent activity, and to some 
extent the afferent limb itself, differ among the syn
dromes. In certain cases the differences may seem readily 
apparent (e.g., carotid sinus syncope versus postmicturi
tion syncope). However, it is probably uncommon for on
ly one set of receptors to be at fault. For example, where
as stimulation of bladder mechanoreceptors is a crucial 
trigger in postmicturition syncope, arterial baroreceptors 
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are also believed to playa critical role, possibly by failing 
to respond promptly to hemodynamic changes induced 
by bladder receptor afferent traffic as bladder wall de
compression occurs. The common clinical association of 
postmicturition syncope with prior alcohol consumption 
also raises the possibility of a central effect modifying sus
ceptibility. In the emotionally induced vasovagal faint 
central CNS trigger sites may be predominant. However, 
peripheral elements remain important considerations. 
The potential contribution of afferent trigger signals from 
peripheral receptors such as cardiac mechanoreceptors 
has been a source of continued interest and debate (so
called neurocardiogenic syncope; 9-11, 17-21). Further
more, the inability of the carotid baroreceptors to stem 
the tide of evolving hypotension and bradycardia sug
gests another point at which important interaction of cen
tral and peripheral elements takes place (i.e., feedback 
stage). 

Central Sites 

The nucleus tractus solitarius (NTS) of the medulla is 
the region responsible for integrating afferent cardio
vascular baro- and chemoreceptor nerve traffic arriv
ing principally via the vagus and glossopharyngeal 
nerves (22-25). In addition, the NTS receives afferent 
impulses from other cranial nerves, the hypothalamus, 
the spinal cord, and brainstem. The NTS may also be 
influenced by circulating neurohumoral factors by 
virtue of its close vascular and neural relationship to 
the area postrema, which lacks an efficient blood-brain 
barrier. Signals from the NTS address the vagal pre
ganglionic nuclei in the medulla, sympathetic pregan
glionic nuclei in the spinal cord, as well as other brain-



Motor Area 

Cingulate Gyrus 

Cortex 

• Defence Area 

@ Bradycardia - Hypotension 
Reaction 

Hypothalamus 

Medulla Vasodepressor 
Region 

Fig. 2. The location of eNS pathways mediating the defense reaction (solid zone) and the vasodepressor reaction (stippled zone). Modified 
from Simone (26) 

stem nuclei and higher central nervous system centers. 
Among the least well understood aspects of CNS 

contribution to the neurally mediated syncopal syn
dromes is the interindividual differences in the manner 
in which afferent neural impulses are processed. The 
result of these differences is manifest as a range of he
modynamic and arrhythmic responses, with two ex
tremes being well recognized (Fig. 2; 26). 

One is the so-called defense reaction characterized 
by somatomotor and sympathetic neural activation. This 
response occurs in a various species, conforming to the 
fight or flight concept. At the opposite end of the spec
trum, an alternative response (which may occur through 
activation of the anterior cingulate gyrus directly or via 
somatic and visceral afferent signals) results in vagally 
mediated bradycardia, sympathetic withdrawal, and di
minished muscular tone. The outcome, often of suffi
cient severity to elicit cerebral hypoperfusion and syn
cope, may be a human parallel of the "playing dead" 
protective strategy employed by some animals. Little is 
known of the determinants of which response is to be
come manifest in a given individual. Furthermore, it 

Sympathetic Nerve NE 

N-Y 

Ach (-) 

seems clear that the same individual may exhibit either, 
depending on the circumstances. Nonetheless, in terms 
of the tilt-induced neurally mediated syncope model, the 
more susceptible fainter appears to be differ from less 
susceptible individuals with respect to release of certain 
neurohumoral mediators and in regard to parasympa
thetic nervous system responses to upright posture. 
These findings are discussed in more detail below. 

The interaction of peripheral and central factors 
also contributes to determining the manner in which a 
syncopal event becomes manifest. Thus, the efferent 
response to afferent neural signals appears to differ, 
depending upon the origin of the primary stimulus and 
presumably the principal site(s) at which afferent neur
al activity accesses the brain. For example, bradycardia 
is usually the initial manifestation in carotid sinus syn
drome (14). The vasodepressor (vasodilation) re
sponse evolves moments later. Conversely, hypoten
sion due to vasodilation is typically evident prior to 
marked bradycardia in posturally induced, neurally 
mediated syncope (10). The basis for such differences 
are currently unexplored. 

NE, N-V (-) 

----------------=-------~ Ach 
Parasympathetic Nerve 

Fig. 3. Peripheral feedback interaction between sympathetic and parasympathetic neurotransmitters which may contribute to determining the 
magnitude of vasodilation observed during vasovagal syncope (see text for discussion) . Abbreviations are as follows: N E , norepinephrine, N- Y, 
neuropeptide-Y; Ach, acetylcholine 
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Efferent Limb 

An inappropriately slow heart rate and vasodilatation 
are characteristic features of the neurally mediated 
faint. The bradycardia, which may be dramatic in some 
cases but only relative with respect to the severity of 
hypotension in others, is primarily due to enhanced (or 
possibly unbalanced) efferent parasympathetic tone 
and is mediated by efferent signals transmitted via the 
vagus nerve. Vasodilatation, on the other hand, is 
thought to be primarily the result of diminished sym
pathetic vasoconstrictor tone (27-30). 

An important aspect of the control of vascular 
tone is the interaction between peripheral elements of 
the sympathetic and parasympathetic nervous systems 
(Fig. 3). In this regard, release of acetylcholine by the 
parasympathetic nervous system is known to exert a 
feedback inhibitory effect on norepinephrine release 
from nearby sympathetic nerve endings. Conversely, 
release of both norepinephrine and neuropeptide-Y 
from sympathetic nerve terminals inhibits synaptic 
acetylcholine release (31-35). As a result, the temporal 
sequence as well as the magnitude of sympathetic or 
parasympathetic activation may have important conse
quences in terms of the severity of vasodilation or the 
degree of bradycardia associated with an evolving neu
rally mediated syncopal episode. 

Intrinsic responsiveness of cardiac and vascular 
smooth muscle cells to neurohumoral mediators may 
differ in fainters and nonfainters, and such differences 
could affect both afferent and efferent neural reflex re
sponses. In this regard, Perry et al. (36) suggested that 
increased B-adrenergic sensitivity may be a character
istic finding in certain young individuals susceptible to 
posturally induced faints. Further study of this aspect 
of peripheral contribution to the vasovagal response is 
warranted. 

Vasovagal Syncope: Peripheral and Central Factors 

Peripheral Receptors and Afferent Neural Signals 

The importance of the actions of various peripheral 
"receptors" in triggering spontaneous vasovagal 
spells is currently the center of debate. For example, 
it is widely accepted that peripheral pain receptors 
can initiate neurally mediated syncopal events. Simi
larly, unpleasant sights or even thoughts might trigger 
a spontaneous event in certain individuals. In such 
cases, the reflex arc incorporates corticohypothalamic 
centers and thereafter descends to the medullary car
diovascular control areas. Whether the individual sus
ceptibility for such high level inputs to induce inap
propriate hypotension-bradycardia resides solely 
within the CNS is unclear. It is possible that concomi
tant factors may be needed. For example, afferent 
signals from peripheral cardiopulmonary mechanore
ceptors exposed to a transiently elevated cate
cholamine environment may be important. Similarly, 
an inadequate protective carotid baroreceptor re
sponse may be essential. 

The significance of the contribution of peripheral 
cardiopulmonary mechanoreceptors in triggering vaso-
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vagal episodes is controversial. Apart from the carotid 
baroreceptors, other sites such as the aortic arch and 
the atrial and ventricular myocardium contain recep
tors which respond to changes in local distention or 
wall stress. In the case of the atria, neural afferents 
(predominantly myelinated) are derived from several 
types of receptors located primarily in the region of 
the atrial junctions with the vena cavae and the pul
monary veins. These receptors appear to be particular
ly sensitive to central volume changes and relatively 
insensitive to changes in myocardial contractile state 
(24). Atrial receptor distention increases heart rate 
and urinary output (the latter by both enhanced vaso
pressin release and via atrial peptides). Afferents from 
ventricular receptors are predominantly unmyelinated 
C fibers from both chemically and mechanically sensi
tive sites. The frequency of impulses generated by the 
ventricular mechanically sensitive receptors are direct
ly related to contractile state and end-diastolic pres
sure. It appears that cardiac neural afferent activity 
participates in establishing the level of tonic sympa
thetic neural outflow to the renal and splanchnic beds 
in particular, with a smaller impact on skeletal muscle 
blood flow (24, 37). Additionally, these afferent signals 
also influence renin secretion and contribute to control 
of vasopressin release from hypothalamic sites (24,38-
40). In situations where markedly increased wall ten
sion occurs (e.g., due to excessive wall distention or 
enhanced inotropic state) there is increased frequency 
of afferent neural signals to the dorsal vagal nuclei 
(41); as the afferent traffic increases, sympathetic ef
ferent stimulation decreases. 

From the clinical perspective, the spontaneous 
vasovagal faint is most often associated with the up
right posture. Normally, upon assumption of upright 
posture, circulating volume is displaced from intratho
racic to more dependent vascular spaces, with as much 
as 70% of the total blood volume being below the 
heart (42). As a consequence, central venous pressure, 
stroke volume, and systemic arterial pressure tend to 
fall. In health, the appropriate response is sympathetic 
activation (presumably activated via various cardiopul
monary baroreceptors) resulting in a series of compen
satory responses including vasoconstriction, increased 
inotropic drive, tachycardia, and activation of the 
renin-angiotensin system in order to stabilize the circu
lation. However, under certain circumstances a differ
ent outcome may transpire. In these cases, for un
known reasons, the afferent neural activity triggers 
paradoxical bradycardia and vasodilation. It has been 
proposed that abrupt diminution of central volume re
sults in a greater cardiac inotropic response in syn
cope-prone patients than in nonfainters. The result is 
activation of ventricular cardiac mechanoreceptors 
which are usually more sensitive to stretch than to con
traction. The resulting afferent signals initiate the hy
potension-bradycardia. A similar scenario may occur 
during abrupt hemorrhage, and is presumed to account 
for the second stage response in which marked brady
cardia and vasodilatation develop (43-46). Once again, 
it is unknown whether the susceptibility to induction of 
inappropriate hypotension-bradycardia is solely deter
mined within the CNS or in part resides in the nature 
of the afferent signal. 



Plasma catecholamines measured prior to and dur
ing spontaneous and tilt-induced syncope exhibit im
portant similarities. First, as has been noted earlier, 
premonitory increases in circulating catecholamines 
appear to characterize the spontaneous vasovagal faint 
(29,47,48). Chosy and Graham (49) observed an ap
proximately 30% greater urinary epinephrine and nor
epinephrine concentrations in fainters prior to sponta
neous vasovagal syncopal episodes compared to con
trol subjects (49). Further, Vingerhoets (47) reported 
an increase of 60% or more in plasma epinephrine and 
norepinephrine concentrations in two patients just pri
or to a vasovagal faint, compared to control (sitting) 
values. Similar findings have been reported in tilt-in
duced syncope, with the increased catecholamine being 
primarily epinephrine. For instance, during 60° head
up tilt testing, Fitzpatrick et al. (50) observed both a 
more abrupt increase as well as higher overall levels of 
circulating epinephrine in 14 patients in whom syncope 
occurred compared to control subjects. Sander-Jensen 
et al. (51), have similarly observed a doubling of epi
nephrine levels in fainters when the episode was in
duced during 60° head-up tilt, while reporting no sub
stantial change in norepinephrine levels. The latter is 
also consistent with findings reported by Abi-Samra et 
al. (52). In our laboratory, circulating epinephrine and 
norepinephrine concentrations have also been studied 
during head-up tilt procedures. In general, the most ev
ident change has been a marked increase in circulating 
epinephrine concentration. Further, this increase ante
dates evident changes of heart rate or blood pressure, 
suggesting that it is not simply reactive, but may in fact 
be part of the triggering mechanism, possibly increas
ing receptor sensitivity (53). 

The role of the carotid and aortic baroreceptors in 
the vasovagal faint may be important. Under normal 
conditions these receptors would be expected to coun
teract induction of inappropriate hypotension-brady
cardia triggered by overly stressed ventricular 
mechanoreceptors or abruptly unloaded cardiopul
monary baroreceptors. However, for unclear reasons 
the usual protective actions of the carotid and aortic 
baroreceptors may be insufficient to fully reverse the 
course of events in certain circumstances. Thus, in the 
syncope patient it may be hypothesized that these re
ceptors have inadequate intrinsic sensitivity to re
spond promptly and fully to the deteriorating hemo
dynamic state, or they may have inadequate efficacy 
to overcome the ventricular afferent signals. Howev
er, certain findings suggest that baroreceptor sensitivi
ty may actually be greater in the syncope-prone sub
ject. Thus, Fitzpatrick et al. (54) and Raviele et al. 
(55) have noted a relatively high frequency of positive 
carotid sinus massage among patients with positive tilt 
tests. If this proved to be the case in more detailed 
study of baroreceptor responsiveness, then it may be 
necessary to hypothesize that during evolving vasova
gal faints, the normal response to carotid/aortic 
baroreceptor afferent signals is overridden for reasons 
as yet unexplained. On the other hand, in patients 
who exhibit oscillatory blood pressure and heart rate 
behavior (possibly fighting off the faint), the carotid 
and aortic baroreceptors may be exerting their protec
tive function. 
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Central Centers and the Contribution of Certain Neuro
transmitters 

It is evident clinically that higher CNS centers are fre
quently involved in initiating spontaneous syncopal 
episodes. They probably also play an important role in 
facilitating development of symptoms in susceptible 
patients, thereby perhaps partially accounting for the 
variability in occurrence of syncopal events. Clearly, 
fear, pain, and unpleasant experiences or smells can in
stigate hypotension-bradycardia episodes. Stimulation 
of certain cortical and subcortical regions can elicit va
sodepressor responses along with bradycardia and ap
nea, while other cortical regions have been associated 
with suppression of baroreceptor-induced bradycardia 
and hypotension (24) (Fig. 2). 

Several lines of evidence suggest that certain cen
tral neurotransmitters may playa role in eliciting or fa
cilitating reflex hypotension-bradycardia responses. 
For example B-endorphin levels have been reported to 
be increased in both vasovagal syncope (56), and the 
analogous second stage of hemorrhagic shock (57,58). 
Further, in the experimental hemorrhage model, in
tracisternal administration of the opioid receptor 
blocker naloxone was more effective in preventing hy
potension than when administered intravenously (59). 
On the other hand, even in very high doses, parenteral 
naloxone failed to prevent induction of hypotension
bradycardia during lower body negative pressure stud
ies in humans (60). The latter finding suggests that 
naloxone-blocked d-opioid receptors may not be criti
cal to the central neural processing in the neurally me
diated syncopal syndromes. However, other opioid re
ceptors which are less readily blocked by naloxone 
(e.g.,I..l-opioid receptors) may be of importance. 

Recently, there has been increasing interest in the 
role played by serotonin in modulating central nervous 
system sympathetic neural outflow and thereby partici
pating in the vasovagal reflex (21,61,62). Intracere
broventricular serotonin has been reported to inhibit 
sympathetic neural outflow in general while increasing 
adrenal sympathetic stimulation. This finding is com
patible with the occurrence in neurally mediated syn
cope of hypotension due to diminished vasoconstric
tion in conjunction with accentuation of adrenal epi
nephrine release. In an analogous setting, experimen
tal studies reveal serotonin to play an important role as 
a mediator of the hyotension-bradycardia response 
during severe hemorrhage. The serotonin receptor 
blocker methysergide blocks this effect. Furthermore, 
clinical observations suggest that serotonin re-uptake 
blockers may diminish susceptibility to certain neurally 
mediated syncopal events, possibly by diminishing 
postsynaptic sensitivity to serotonin. Additional exam
ination of the role played by serotonin, and the various 
serotonin receptor subtypes is needed. 

Increased levels of a number of other centrally re
leased vasoactive agents have been associated with 
neurally mediated syncope. Experimental studies sug
gest that nitric oxide release may be a regulator of 
sympathetic neural tone. Whether this agent plays any 
role in the vasovagal faint has yet to be determined. 
Similarly, pancreatic polypeptide and vasopressin have 
both been noted to increase in association with sponta-



neous and tilt-induced syncope (50, 51, 63). Pancreatic 
polypeptide is closely associated with and often consid
ered a marker of parasympathetic efferent neural ac
tivity (63). Vasopressin release, on the other hand, is 
attributable to neural connections from the NTS which 
are presumably triggered by the afferent neural im
pulses from peripheral receptors as described above. 

Peripheral Receptors and Efferent Neural Signals 

As suggested above, vasodilatation in vasovagal syn
cope is thought to be primarily the result of diminished 
sympathetic vasoconstrictor tone (27-29). Similarly, 
bradycardia (which may be severe in some cases, yet 
only relative with respect to the severity of the hy
potension in others) is predominantly due to enhanced 
efferent vagal tone. However, whether the severity of 
either vasodilation or bradycardia is solely related to 
the magnitude of centrally mediated parasympathetic 
influence, or possibly partly related to end-organ sensi
tivity has yet to be defined. In this regard several pe
ripheral mechanisms may be contributory: (a) accentu
ated antagonism (a presumed interaction between 
parasympathetic and sympathetic mediators at the 
postsynaptic receptor site), (b) presynaptic feedback 
inhibition discussed above, and (c) action of noncate
cholamine circulating neurohumoral agents. 

In regard to accentuated antagonism, it has al
ready been pointed out that both spontaneous and tilt
induced vasovagal faints are associated with increased 
circulating epinephrine and to a lesser extent norepi
nephrine concentrations. In this context, accentuation 
of parasympathetic effects by concomitant action of 
sympathetic mediators - in this case epinephrine - has 
been demonstrated experimentally (23, 24) and may 
playa role at the level of the heart in facilitating the 
bradycardic response. In general, individuals exhibit
ing greater tendency to accentuated antagonism at car
diac and peripheral vascular sites might be more sus
ceptible to fainting due to the development of more se
vere bradycardia (sinus arrest, increased susceptibility 
to paroxysmal A V block, etc.) and/or greater degrees 
of vasodilatation. 

The role of a direct cholinergic vasodilator mecha
nisms in eliciting the vasodepressor response remains 
controversial (42,64). Based on failure of muscarinic 
blockade with atropine to substantially affect hypoten
sion in most patients, it is unlikely that this mechanism 
is of major importance. On the other hand, in a small 
subset of individuals in whom atropine appears to 
ameliorate the severity of hypotension, a cholinergic 
vasodilator mechanism may be relevant. It is most like
ly in such cases that presynaptic feedback inhibition of 
norepinephrine release by acetylcholine (as alluded to 
earlier) may be the key factor. In essence, acetyl
choline may accentuate the magnitUde of vasodilation 
associated with sympathetic neural withdrawal by fur
ther diminishing norepinephrine release from sympa
thetic nerve endings. 

A final potential peripheral contributor to reflex 
vasodilatation is the effects of certain non-cate
cholamine neurohumors reported to be present in in
creased concentrations in association with vasovagal 
faints. Specifically, certain vasoactive peptides (e.g., 
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vasoactive intestinal peptide, calcitonin gene related 
peptide), and purinergic agonists (e.g., adenosine) re
leased from perivascular nerves may decrease norepi
nephrine release as well as contribute directly to va
sodilatation (64-67 ). 

Summary 

The causes of hypotension and bradycardia in neurally 
mediated syncope are multifactorial, comprising inputs 
from both central and peripheral sites. In general, the 
tendency to faint is most often associated with the up
right posture and displacement of circulating volume 
from intrathoracic to more dependent vascular spaces 
and may be facilitated by conditions such as moderate 
dehydration (e.g., hot environments, athletic competi
tion) and sympathetic neural activation (e.g., emotion
al upset). In the case of the spontaneous vasovagal 
faint, afferent neural signals (whether arising in the pe
riphery or within the CNS) that might have normally 
been expected to initiate a protective fight or flight re
sponse instead trigger reflex vasodilatation and brady
cardia. Perhaps excessive concentrations of certain 
CNS neurotransmitters, particularly endogenous opi
oid receptor agonists (e.g., endorphins) and / or sero
tonin are responsible. The outcome is a further fall in 
central venous pressure, stroke volume, and systemic 
arterial pressure. Meanwhile, centrally triggered 
adrenal activation results in increased circulating epi
nephrine levels. Presumably, the evolving hypotension 
in conjunction with increased sensitivity of peripheral 
receptors due to epinephrine exposure results in fur
ther activation of arterial and central cardiopulmonary 
mechanoreceptors. The end result is additional accen
tuation of neural afferent traffic and consequent aggra
vation of hemodynamic compromise. In the meantime, 
carotid baroreceptor signals are either inadequate to 
stem the tide or their signals are centrally over-ridden 
for unknown reasons in those individuals who ulti
mately go on to faint. 

Why certain individuals appear to be more suscep
tible to the development of paradoxical hypotension 
and bradycardia than others, or why the event occurs 
at one time and not at others remains a mystery. The 
concept of susceptibility appears to be a real phenome
non clinically. Perhaps the baseline neuroendocrine 
state of the individual is a marker. Recent uncon
firmed findings suggest that the level of heart rate and 
circulating epinephrine increment during onset of up
right tilt testing may predict susceptibility to a positive 
test (50). Additionally, a hyperparasympathetic state 
in which upright posture is not associated with normal 
diminution of parasympathetic influence on heart rate 
may be a marker of increased susceptibility (68). The 
latter, perhaps compounded by accentuated antago
nism in which parasympathetic effects are exaggerated 
in the presence of increased circulating catecholamine, 
may in part account for the occurrence of marked va
gaUy induced bradycardia. Similarly, apart from a cen
trally mediated reflex inhibition of sympathetic effer
ent traffic to vascular beds, norepinephrine release 
may be further diminished due to pre-synaptic effects 
of acetylcholine and other neurohumors. 



Although understanding of the potential contribu
tions of central and peripheral elements to the patho
physiology of spontaneous vasovagal faints remains 
limited, the treatment implications have already been 
important. In particular, despite continued uncertainty 
regarding their efficacy, the rationale for use of 6-
adrenergic blockers or serotonin re-uptake inhibitors 
in affected patients is based on the pathophysiologic 
concepts discussed above. However, much greater in
sight is needed before a satisfactory treatment strategy 
encompassing all individuals with these various synco
pal disorders, can be developed. 
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Syncope is a nonspecific symptom of a wide variety of 
disorders. It is defined as the temporary loss of con
sciousness and postural tone, followed by spontaneous 
recovery without resuscitative measures. It is diag
nosed in about 3% of the patients seen in the emer
gency room and in about 1 % of the patients admitted 
to a hospital (1, 2). Syncope can be classified as cardio
vascular, noncardiovascular, and unexplained. 

Diagnostic Approaches 

The choice of the examinations aimed at defining the 
cause of syncope is based on the clinical presentation, 
the different prevalence of the various types of syncope, 
and the diagnostic yield of the various examinations. 

Old age, absence of prodromic symptoms, and 
presence of symptoms and signs of organic heart dis
ease and/or of electrocardiographic alterations suggest 
a cardiac cause; in such cases, cardiologic examinations 
should be given priority. In contrast, young age, pres
ence of symptoms of autonomic activity (pallor, nau
sea, sweating, mydriasis, etc), and absence of symp
toms and signs of organic heart disease and/or of elec
trocardiographic alterations suggest a neuromediated 
syncope; here autonomic function tests should be giv
en priority. 

The most frequent type of syncope is the neuro
mediated one, followed, in order of prevalence, by the 
cardiac, neurologic (cerebrovascular and psychiatric), 
and metabolic types. 

Some examinations, such as the head-up tilt test 
(HUT) and the electrophysiologic study, have a high 
probability of being positive; they should be given pri
ority over other examinations, such as the hemody
namic-angiographic study, the electroencephalogram, 
and brain computer axial tomography, which have a 
low probability of being positive. 

In Fig. 1, the steps involved in a systematic ap
proach to the diagnosis of syncope is shown. In the 

* This manuscript summarizes the ANMCO Task Force Report 
"Orientamenti su/la valutazione diagnostica dei pazienti con sincope" 
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presence of a pathologic result, the diagnostic proce
dures are interrupted. However, it must be pointed out 
that the cause of syncope is often not certain; in such 
cases caution is required and in some cases further in
vestigation should be carried out before defining the 
cause of syncope. The first diagnostic steps are history, 
physical examination with evaluation of blood pres
sure in the supine and erect positions, standard elec
trocardiogram and conventional laboratory tests when 
a metabolic cause is suspected (Fig. 1). These simple 
examinations allow us to define the cause of the syn
cope: they are "diagnostic" in about 50% of cases (2-
6). In the other half of cases these examinations do not 
identify of the cause of syncope: they are "negative" or 
only "suggestive" of a particular cause. Table 1 pre
sents "diagnostic," "suggestive," and "negative" results 
obtained by the initial examinations. When the results 
are negative or only suggestive, other examinations are 
indicated, as shown in Fig. 1. The subsequent diagnos
tic procedures allow us to define the cause of the syn
cope in a further 35% of cases. Therefore, at the end 
of all the diagnostic procedures, the cause of syncope 
remains unexplained in about 15% of cases. When sug
gestive data for a cardiac cause emerge, noninvasive 
tests should first be performed, e.g., echocardiogram in 
order to disclose a mechanical cause of syncope and 
Holter recordings in order to disclose an arrhythmic 
cause. An effort test is indicated when syncope is exer
cise related. When pulmonary embolism is suspected, a 
lung scan is indicated. If, after these noninvasive exam
inations, the cause of syncope has not been defined, an 
electrophysiologic study or autonomic function tests 
such as the tilting test and carotid sinus massage 
should be carried out. The latter should be performed 
both in supine and erect positions. Whether to autonom
ic function tests or an electrophysiologic study should be 
carry out first must be evaluated case by case. General
ly, if the patient is affected by ischemic heart disease, by 
dilated or hypertrophic cardiomyopathy, or if conduc
tion disturbances and/or hypokinetic, or hyperkinetic ar
rhythmias are present in the standard electrocardiogram 
or Holter recording, the electrophysiologic study must 
be performed first. If the patient does not show signs 
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Fig. 1. Steps for a systematic approach to the diagnosis of syncope. ET, exercise text; CSM, carotid sinus massage; ES, endocavitary electro
physiologic study; CAD, computer axial tomography, E)not a diagnostic examination; ?, indication to be evaluated case by case 

of organic heart disease or is affected by hypertensive 
heart disease without relevant arrhythmias, autonomic 
function tests must be performed first. If the results of 
examinations carried out to show a cardiac or a neuro
mediated cause of syncope are negative, a neurologic or 
a psychiatric cause must be considered. The consultant 
neurologist may request an electroencephalogram, 
Doppler flow studies of the neck vessels, and/or brain 
computer axial tomography. If after neurologic investi
gations, the cause of the syncope does not become clear, 
the syncope remains unexplained and the patient must 
be followed up. In subjects with frequently recurring 
syncope, an intermittent loop recorder could be useful. 

When suggestive data for neuromediated syncope 
emerge, the first examinations to be performed are 
carotid sinus massage and HUT. If the results of these 
investigations are negative, the presence of a cardiac 
cause must be considered; if the latter does not emerge, 
we should look for a neurologic or psychiatric cause. 

When suggestive data for neurologic or psychiatric 
syncope emerge, the first evaluation to be carried out 
is a neurologic and psychiatric one; the consultant neu
rologist may request the above-mentioned examina
tions. If after these investigations the cause of syncope 
is not revealed, autonomic function tests must be per
formed. If the results of the latter are also negative, a 
cardiac cause must be considered (see above). 

When the results of the initial examinations (histo
ry, physical examination, standard electrocardiogram) 
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are completely negative, autonomic function tests must 
be performed first, because the most frequent cause of 
syncope is the neuromediated one. 

Diagnostic Yield of Examinations 

Echocardiogram. This is very useful in order to evalu
ate the presence and the severity of organic heart dis
ease, but it rarely reveals the cause of syncope (7). 

Holter Recordings. These can reveal an arrhythmic 
event as the potential cause of syncope, in 12%-53% 
of cases (mean, 17%) (8-15). The main problem in at
tributing syncope to arrhythmias is that the vast major
ity of detected arrhythmias in patients with syncope 
are brief and do not result in symptoms. On the other 
hand, arrhythmias are commonly reported in asympto
matic individuals. One method of assessing the impact 
of Holter recording in syncope is to determine the 
presence or absence of arrhythmias in patients who de
velop symptoms during monitoring. Only in 4% of pa
tients were symptoms consistent with an arrhythmia 
(8-15). In approximately 17 % of patients, arrhythmias 
were not associated with symptoms, thus potentially 
excluding rhythm disturbance as an etiology for the 
syncope (8-15). The causal relationship between ar
rhythmias and syncope, therefore, is uncertain. Ar
rhythmias highly suggestive of an arrhythmic origin of 



Table 1. Diagnostic, suggestive, and negative results obtained in the initial examinations (history, physical examination, blood pressure in the 
supine and erect positions, standard electrocardiogram and sometimes conventional laboratory tests) 

Diagnostic criteria 
Cardiac cause 

Symptoms and signs of acute myocardial 
ischemia with or without myocardial in
farction 

Presence in standard electrocardiogram of: 
Sinus bradycardia < 30 beats/min or 
repetitive sinoatrial blocks or sinus pauses 
> 3 s; the possible coexistence of an ab
normal neural reflex should be evaluated 
(49,63) 
Mobitz II or advanced (2:1, 3:1, etc) sec
ond degree A V block or third degree A V 
block 
Rapid (> 180 beats/min) and/or hypoten
sive supraventricular tachycardia; in the 
absence of high heart rate and hypoten
sion, the possible co-existence of an ab
normal neural reflex should be evaluated 
(64,65) 
Sustained ventricular tachycardia, torsade 
de pointes, ventricular fibrillation 

Neuromediated cause 
Vasovagal 

Predisposing factors such as fatigue, pro
longed standing, venipuncture, blood do
nation, heat, and invasive examinations 
Syncope preceded by signs of autonomic 
activity such as pallor, nausea, sweating, 
and mydriasis 
Quick recovery of consciousness; pallor 
and asthenia may be long-lasting 
Absence of signs of organic heart disease 

Situational 
Syncope occurring during or immediately 
after urination, defecation, cough, swal
lowing 
Absence of signs of organic heart disease 

Orthostatic 
Syncope occurring upon assuming the up
right position 
Decrease of systolic blood pressure (> 30 
mmHg) upon assuming the upright position 
associated with dizziness 

Cerebrovascular cause 
Transient ischemic attack 

Syncope co-existing with focal neurologi
cal symptoms 

Seizure 
Prolonged loss of consciousness (> 5 min), 
convulsions lasting> 30 s, and sphincter 
incontinence in the presence of a reliable 
witness 
Slow resumption of consciousness, 
headache, retrograde amnesia 

Metabolic cause 
Hyperventilation 

Syncope occurring in young and anxious 
subjects, reproducible during prolonged 
hyperventilation 
Absence of signs of organic heart disease 

Hypoglycemia 
Syncope preceded by confusion, saliva
tion, tremors, hunger, hyperadrenergic 
state 
Glycemia < 40 mg/dl 

Suggestive criteria 
Cardiac cause 

Symptoms and/or physical signs and/or 
electrocardiographic signs of organic 
heart disease 
Old age (> 60 years) 
Syncope not preceded by prodromic 
symptoms 
Conduction disturbances less severe than 
the above-mentioned ones (sinus brady
cardia with heart rate between 30 and 50 
beats/min, isolated sinoatrial block, first
degree A V block, Mobitz I second-de
gree A V block, intraventricular conduc
tion disturbances, frequent supraventric
ular or ventricular premature beats) 

Neuromediated cause 
Syncope preceded by light prodromic 
symptoms 
Uncertain causal relationship between 
syncope and predisposing factors 
Young age (<30 years) 
Absence of signs of organic heart disease 

Cerebrovascular cause 
Transient ischemic attack 

Very light focal neurologic symptoms 

Seizure 
Symptoms only suggestive of seizure 
Witness not reliable 
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Negative criteria 

History, physical examination, and standard 
electrocardiogram do not suggest any cause 
of syncope 



syncope, even in the absence of neurologic symptoms 
during monitoring, include the following: second-de
gree atrioventricular (A V) block, particularly Mobitz 
II, third-degree A V block, rapid supraventricular ar
rhythmias (more than 180 beats/min), and unsustained 
and sustained ventricular tachycardias. Arrhythmias 
less suggestive of an arrhythmic cause of syncope in
clude: frequent and repetitive premature ventricular 
beats, sinus bradycardia (heart rate between 30 and 50 
beats/min), or sinus pauses (longer than 2 s) during di
urnal hours. Extending the duration of monitoring to 
longer than 24 h does not seem to solve the problem of 
interpretating the abnormalities found (13). 

Effort Test. This can be used to provoke syncope with 
exercise and to search for tachyarrhythmias occurring 
during or after abrupt termination of exercise. In a 
study of exercise and syncope, complex premature 
ventricular beats or supraventricular tachycardia were 
found in only three of 119 patients (2.5%) (8). 

Electrophysiologic Study. The indications for this study 
in patients with syncope have not been systematically 
defined, but it is more likely to be positive in patients 
with heart disease who have an abnormal ventricular 
function, electrocardiogram, or Holter monitoring. 

In studies of patients with syncope undergoing 
electrophysiologic testing, the percentage with positive 
findings has ranged between 18% and 75% (mean, 
55%), (13, 16-33). Approximately 37% (range, 11 %-
60 %) had conduction disturbances (abnormal sinus 
node, A V node, or His-Purkinje function), and 30% 
(range 0-68%) inducible supraventricular tachycardia. 
Several issues need to be considered when using elec
trophysiologic studies in the evaluation of syncope. 
First of all, in most instances arrhythmias during elec
trophysiologic study do not produce syncope in the 
laboratory; thus a causal relationship often has to be 
inferred. The marked variability of the diagnostic yield 
of electrophysiologic studies depends on several fac
tors, in particular on the more or less restrictive crite
ria applied define "positive" results of the study (34, 
35). In order to avoid a high number false positives 
and to avoid beginning useless, if not harmful treat
ments, it is preferable to apply restrictive criteria: 
- Sinus node recovery time greater than 3000 ms 
- Baseline HV of 100 ms or more or appearance of in-
fra-hisian second or third degree A V block during atri
al pacing or after ajmaline 
- Induction of syncopal or symptomatic (low cardiac 
output) supraventricular tachyarrhythmias 
- Induction of syncopal unsustained ventricular tachy
cardia 
- Induction of sustained monomorphic ventricular 
tachycardia, polimorphic ventricular tachycardia or 
ventricular fibrillation, especially if a non aggressive 
stimulation protocol is used (two extrastimuli). 

Carotid Sinus Massage. The technique of carotid mas
sage is not standardized. The massage is commonly 
performed in the supine position and is considered 
positive in the presence of ventricular asystole (greater 
than 3 s) or a decrease in systolic pressure of more 
than 50 mmHg. Using these criteria, a positive re-
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sponse was found very frequently: in 26%-59% of sub
jects affected by unexplained syncope (9-11, 36) and in 
about 30% of asymptomatic elderly subjects with is
chemic and/or hypertensive heart disease (37-39). This 
response, therefore, shows low specificity and it is 
practically useless from the clinical point of view. A 
more adequate endpoint appears to be the reproduc
tion of a spontaneous syncope or pre syncope in the 
presence of a ventricular asystole (greater than 3 s) or 
a decrease in systolic blood pressure of more than 50 
mmHg. When performed using this method, carotid 
massage induced a syncope in 49% of subjects with un
explained syncope and in 4 % of the controls (40). 

Tilting Test. This is being increasingly used to establish 
vasovagal responses in patients with unexplained syn
cope. Several protocols have been proposed; some re
quire the use of drugs (provocative tests). The baseline 
tilting test is generally performed, using the Westmin
ster protocol (60°, 45 min) (41). A positive response to 
HUT is defined as the development of syncope or pre
syncope in association with hypotension, bradycardia, 
or both. The range of diagnostic results reported for 
the baseline HUT varied extensively from 32% to 74% 
(mean, 47%) (40-46). However, in more recent studies 
the positivity rate of the baseline HUT decreased to 
values of 23%-31 % (47,48), likely because of a differ
ent patient selection (patients who had not previously 
undergone other diagnostic procedures). The specifici
ty of baseline HUT is about 90% (41-43, 49). 

During the provocative tests, drugs favoring an ab
normal reflex are administered, generally after a base
line tilting test of short duration. The most commonly 
used provocative tests are the isoproterenol test (50) 
and the nitroglycerin test (51). 

The positivity rate of the isoproterenol test in pa
tients with unexplained syncope is 71 % (range, 50%-
87%) and the specificity is 76% (range, 51 %-100%) (3, 
45,50,52-61). 

The positivity rate of the nitroglycerin test in pa
tients with unexplained syncope is 48%-53% and the 
specificity is 92%-94% (51). 

The examinations for revealing a neurologic cause 
of syncope are of limited use in patients with unex
plained syncope (62). Brain computer axial tomography 
and electroencephalogram can reveal the cause of unex
plained syncope only in 3.5% of cases (31 of 901 pa
tients) (2, 4-6) and should only be used in selected cases. 
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Methodology of Head-Up Tilt Test: What is the Sensitivity and Specificity 
of the Different Protocols? 

A. Raviele, S. ThemistocIakis, and G. Gasparini 

Divisione di Cardiologia, Ospedale Umberto I, Mestre-Venice, Italy 

Transient hypotension and bradycardia of vasovagal 
origin are thought to be the most common cause of 
syncope (1). Substantiation of the diagnosis, however, 
is sometimes difficult when it is based solely on clinical 
history because of the possible absence of typical pre
cipitating factors and prodromal symptoms, especially 
in older patients (2). A passive head-up tilt (HUT) for 
an extended time has proven to be a sufficiently strong 
gravitational stress to reproduce a vasovagal reaction 
in susceptible patients (3, 4). Thus, in recent years 
some investigators have proposed its use as a means of 
diagnosing vasovagal syncope in patients with other
wise unexplained loss of consciousness (5, 6). In nor
mal individuals, assumption of passive upright posture 
produces a reduction in venous return and cardiac out
put with an immediate decrease in arterial pressure 
that is compensated for by a reflex arterial vasocon
striction and concomitant tachycardia essentially medi
ated by arterial baroreceptors (7). In patients prone to 
vasovagal reaction, instead of these compensatory ad
justments, an abnormal reflex may develop which 
leads to paradoxical arterial vasodilatation and brady
cardia with profound hypotension and syncope (8). Al
though the exact pathophysiological mechanism is not 
completely known (9, 10), it has been postulated that 
this reflex is caused by an inappropriate activation of 
the ventricular mechanoreceptors (C fibers) located in 
the base of both the left and right ventricles, as a con
sequence of a vigorous contraction of the adrenergic al
ly stimulated heart around a relatively empty ventricu
lar cavity (4, 11, 12). 

Despite the growing popularity of the HUT test as 
a diagnostic tool to unmask an individual's predisposi
tion toward vasovagal events, the standardization of 
the test methodology remains an unresolved question 
(13). The HUT is generally performed in the morning, 
after overnight fasting, in a quiet slightly darkened 
room. All cardioactive and vasoactive drugs are com
monly withdrawn for at least five half-lives before the 
study, preferably with the exclusion of those that pa
tients had been taking at the time of symptom presen
tation. The HUT is carried out by means of an elec
tronically controlled tilt table with a footboard for 
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weight-bearing. Restraining belts are placed at chest 
and thigh levels. After an initial period of supine rest 
for 5-10 min, the subject is then tilted head-up to a 
variable angle (between 60° and 90°) for a variable 
time (10-90 min) with or without the administration of 
provocative drugs. Blood pressure, heart rate, and 
rhythm are continuously monitored during the tilt and 
recorded every 2-5 min (or more often if symptoms 
develop). Blood pressure is usually measured non-in
vasively by means of a cuff sphygmomanometer or the 
photoplethysmographic method. At the end of tilt pro
tocol or as soon as syncope or presyncope occurs dur
ing the test, the patient is rapidly returned to the 
supine position. 

Basically, there are two types of HUT test. The 
first type is the HUT without drug provocation, the so
called baseline, control, or unmedicated HUT test. Ac
cording to its duration, this test may be further subdi
vided in two other types: long-duration (45-60 min) 
HUT and short-duration (10-30 min) HUT. The sec
ond type is HUT with drug provocation, the so-called 
provocative or pharmacologic HUT test. Essentially, 
two drugs have been employed for this test, isopro
terenol and nitroglycerin, although other drugs have 
been proposed, such as epinephrine (14), edrophoni
um (15), and adenosine (16). Long-duration baseline 
HUT and nitroglycerin tests are fairly common in Eu
rope, while short-duration HUT and isoproterenol 
tests are much more popular in the United States. 

A prolonged HUT without drug provocation was 
first described by Kenny et al. in 1986 (5). A duration 
of 60 min was initially suggested. More recently, this 
time was reduced by Fitzpatrick et al. (17) to 45 min, 
which corresponds to the mean time to syncope (25 
min) plus two standard deviations (10 min) in 53 pa
tients with malignant vasovagal syncope. The mean lit
erature data are listed in Tables 1 and 2 (5, 17-24). 

A tilt angle of 60° has almost always been em
ployed. Overall, a positive response with reproduction 
of syncope or pre syncope in association with hypoten
sion and/or bradycardia has been observed in 200 out 
of 420 patients with syncope of unknown origin (5, 17-
24) and in six out of 118 asymptomatic control subjects 



Table 1. Positivity of prolonged unmedicated head-up tilt (HUT) in patients with unexplained syncope 

Reference Duration Angle Total Posivitive Positive 
(min) CO) (n) responses (n) rate (%) 

(5) 60 40 15 10 67 
(18) 60 60 40 15 37 
(19) 60 60 30 15 50 
(20) 60 60 100 32 32 
(17) 45-60 60 71 53 74 
(22) 45 60 50 21 42 
(23) 45 60 78 24 44 
(24) 45 60 36 20 56 

420 200 48 

Table 2. Positivity of prolonged unmedicated HUT in asymptomatic control subjects 

Reference Duration Angle 
(min) CO) 

(5) 60 40 
(18) 60 60 
(19) 60 60 
(21) 60 60 
(20) 60 60 
(17) 45-60 60 

(5, 17-21), yielding a positive rate of 48% and a test 
specificity of 95%. Our recent data (unpublished) in a 
series of 591 consecutive patients, 279 men and 312 
women with a mean age of 54 years, and 27 age
matched controls are quite different: a positive rate of 
17% and a specificity of 93%. This is in agreement 
with other recent papers that report a much lower pos
itive rate (24%-31 %) for prolonged HUT (25-27). This 
is probably due to a less strict selection of the patients 
that now undergo HUT test (patients with a lower 
number of syncopal episodes in whom other diagnostic 
procedures, such as an intracavitary electrophysiologic 
study, were rarely performed before). 

Regarding the type of positive response during 
prolonged unmedicated HUT, the mixed response 
(type I of the Vasis classification) (28) is the most fre
quent (up to 50% of cases and more), followed by the 
cardioinhibitory response (types IIA and lIB), and the 
vasodepressor response (type III) (29). A cardiac asys
tole greater than 3 s has been described in 18% of cas
es (30) and greater than 5 s in 9% of cases (31). The 
reported mean time to syncope is quite variable, rang
ing from 18 to 42 min (mean, 25 min) (5, 17-19,22,23). 
The reproducibility of positive results during long-du
ration HUT is acceptable (Table 3): overall 71 % 
(range, 62% - 77%), with a trend toward a delayed 
and frequently attenuated response to repeat tilt (17, 
32,33; our unpublished results). The reproducibility of 
negative results is higher: 91 % in 44 patients studied 
by Alboni et al (34). 

The short-duration unmedicated HUT was first 
proposed by Abi-Samra et a1. (35) in 1988 as an isolat
ed procedure and was then employed by Almquist et 
a1. (6) and many other investigators as the first phase 
(i.e., without drug intervention) of the isoproterenol 
test. The maximum duration of the shortened HUT 
ranges greatly from 10 to 30 min (most commonly 10 
min; Tables 4 and 5) (6,20,35-46). The angle of tilting 
is also variable, from 60° to 90° (most commonly 80°; 
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Total Posivitive Positive 
(n) responses (n) rate (%) 

10 1 10 
10 0 0 
11 0 0 
25 1 4 
35 2 6 
27 2 7 
118 6 5 

Tables 4, 5) (6,20,35-46). This makes it quite difficult 
to compare the results from different centers. Howev
er, when combining the data of all published studies 
(Tables 4, 5) (6, 20, 35-46), a short-duration unmed
icated HUT shows a positive rate of 30% (significantly 
lower than that of long-duration protocol: 47%) and a 
specificity of 92% (similar to that of long-duration pro
tocol: 95%). 

The isoproterenol test is widely used as a pharma
cologic HUT test. The isoproterenol acts as a provoca
tive agent by stimulating myocardial contractility, low
ering arteriolar resistances, and reducing left ventricu
lar volume, thus facilitating the activation of the ven
tricular mechanoreceptors (C fibers) during HUT (6, 
36, 37, 39, 47, 48). Several different protocols have 
been proposed for the isoproterenol test. According to 
the original protocol used by Almquist et a1. (6), after 
an initial period of 10 min of unmedicated HUT, intra
venous isoproterenol infusion is initiated at a rate of 1 
fJg/min and is continued for 5 min with the patient or 
control subject supine. The HUT is then performed at 
80° for 10 min. If the result of the test is negative, the 
subject is returned to the supine position and the en
tire sequence is repeated in successive stages (maxi
mum of five) by progressively increasing the isopro
terenol infusion by 1 fJg/min at every stage. The end
points of the test are the occurrence of syncope or pre
syncope, intolerance to isoproterenol (e.g., angina, life
threatening ventricular arrhythmias, severe headache, 
nausea, emotional lability, etc.), heart rate greater than 
150 beats/min, and completion of the protocol. The nu
merous protocols employed for the isoproterenol test 
differ from Almquist's initial protocol and from each 
other in several aspects (Table 6) (6, 13, 20, 35-45, 49): 
presence or absence of a period of unmedicated HUT, 
duration of this period (from 5 to 30 min), angle of tilt
ing (from 60° to 90°), number of stages (from one to 
five) and isoproterenol dosage and infusion rate (from 
1 fJg/min to 8 fJg/min). Recently, however, for practical 



Table 3. Reproducibility of prolonged unmedicated head-up tilt (HUT) in patients with unexplained syncope 

Reference 

(17)' 
(32)" 
(33)' 
(Raviele et aI., unpublished)" 

(34)b 

'Positive responses. 
bNegative responses. 

1st HUT 
(n) 

31 
25 
13 
55 

44 

'Mean value of reproducibility of positive responses. 

2nd HUT 
(n) 

24 
20 
8 
36 

40 

Reproducibility 
(%) 

77 
80 
62 
65 
71c 

91 

1 st -> 2nd HUT 
(days) 

? 
1 
7 
3 

1-7 

Table 4. Positivity of short-duration head-up tilt (HUT) (initial phase of isoproterenol test) in patients with unexplained syncope 

Reference Duration Angle Total Positive Positive 
(min) (0) (n) responses (n) rate (%) 

(6) 10 80 15 4 27 
(36) 10 80 14 0 0 
(37) 10 60 8 0 0 
(38) 15 90 20 4 20 
(39) 15 70 18 9 50 
(40) 15 70 57 22 39 
(41) 30 80 25 6 24 
(42) 30 80 30 6 20 
(43) 15 80 20 2 10 
(44) 10 80 85 5 6 

292 58 20 
(35)" 20 60 154 63 42 
(45)' 20 60 44 25 57 

490 146 30 

'Only two papers in which short-duration HUT has been used as an isolated procedure and not as the initial phase of the isoproterenol test. 

Table 5. Positivity of short-duration unmedicated HUT (initial phase of isoproterenol test) in asymptomatic control subjects 

Reference Duration Angle Total Positive Positive 
(min) CO) (n) responses (n) rate (%) 

(6) 10 80 18 0 0 
(20) 10 60 25 0 0 
(41) 30 80 6 0 0 
(43) 15 80 20 3 15 
(43) 15 80 20 4 20 
(46) 30 60 25 2 8 

114 9 8 
(39)' 15 70 11 0 0 
(35)' 20 60 15 0 0 
(45), 20 60 18 3 17 

158 12 8 

"Only three papers in which short-duration HUT has been used as an isolated procedure and not as the initial phase of the isoproterenol test. 

Table 6. Positivity of isoproterenol test (second phase, after drug administration) in patients with unexplained syncope 

Reference Stages Duration Dosage Angle Total Posivitive Positive 
(n) (min) (Ilglmin) CO) (n) responses (n) rate (%) 

(6) 5 5+10 1 -> 5 80 15 9 60 
(36) 5 5+10 1 -> 5 80 14 9 71 
(37) 4 5+10 2->8 60 8 4 50 
(38) 3 5+15 90 20 12 60 
(39) 1 15 1 -> 3 70 18 5 28 
(40) 1 15 1-> 3 70 57 12 21 
(41 ) 3 5+30 1 -> 3 80 25 9 36 
(42) 3 5+30 1 -> 3 80 30 15 50 
(43) 5 10 1 -> 5 80 20 13 65 
(44) 2 5+10 2->5 80 85 61 72 

292 149 51 
(20)" 3 5+10 1 -> 5 60 88 11 16 
(49)" 1 5+10 5 80 40 22 52 

400 172 38 

"Only two papers in which the administration of isoproterenol was not preceded by an initial period of unmedicated HUT. 
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reasons, there has been a tendency to prefer protocols 
of very short duration (49). 

The positive rate of the isoproterenol test in pa
tients with syncope of unknown origin (Table 6) 
ranges from 50% to 87% (mean, 71 %; 20% for the ini
tial unmedicated phase and 51 % for the subsequent 
pharmacologic phase) (6, 13,20,35-45,49). This is cer
tainly a higher positive yield than that of prolonged 
HUT (48%). However, the percentage of positive re
sults is significantly lower (15%-17%) when the iso
proterenol test is performed in patients who have al
ready undergone a long-duration (45-60 min) unmed
icated HUT (20, 24, 50). Moreover, the isoproterenol 
test is usually performed at steeper angles than pro
longed HUT (80° versus 60°) and, as shown in Table 6, 
the rate of positive responses increases (from 50% to 
80%) by increasing the angle of tilting (from 60° to 
90°) (37, 49). This may, at least in part, justify the dif
ference in sensitivity found between the two methods. 
Indeed, if we compare the results of isoproterenol test 
at 60° (20,37,51) with those of prolonged HUT at the 
same angle, the rates of positive responses are similar 
(52% versus 48%). The specificity of isoproterenol test 
(Table 7) seems to be lower than that of prolonged 
HUT: 76% versus 95% (8% positive rate during con
trol phase plus 16% positive rate during drug interven
tion) (6,20,41,43,46). In contrast, the reproducibility 
of the isoproterenol test (Table 8) is better: overall 
84% for positive results and 88% for negative results 
(32, 42, 52-56). It is noteworthy that the specificity of 
the isoproterenol test increases in elderly patients and 
when protocols with low doses of isoproterenol are 
used (57-59). 

The isoproterenol test has two important limita
tions: (1) the test is not feasible in about 10% of sub
jects due to the potentially dangerous effects of the 
drug which leads to the exclusion of patients with seri
ous arterial hypertension, ischemic heart disease, con
gestive heart failure and ventricular arrhythmias; (2) 
the test may not be appropriately evaluated in another 
16%-24% of subjects (20, 60) due to its early interrup
tion because of the occurrence of intolerable side ef
fects during isoproterenol infusion. 

The nitroglycerin test is a pharmacologic HUT test 
which we recently proposed as an alternative test to 
isoproterenol challenge (25, 27, 61, 62). Nitroglycerin 
has been chosen as provocative agent because of its 
potent vasodilatatory effects on the capacity vessels 
(63) which may lead to a further increase in the venous 
pooling already caused by passive upright posture. We 
have employed two different types of nitroglycerin test 

Table 7. Positivity of isoproterenol test in asymptomatic control 
subjects 

Unmedicated phase Pharmacologic phase 
Reference Total(n) (n) (%) (n) (%) 

(6) 18 0 0 2 18 
(20) 25 0 0 1 4 
(41) 6 0 0 0 0 
(43) 20 3 15 10 59 
(43) 20 4 20 5 31 
(46) 25 2 8 0 0 

114 9 8 18 16 

119 

(25, 27, 61, 62). Initially, nitroglycerin, was adminis
tered intravenously, using a protocol similar to that of 
the isoproterenol test, the so-called intravenous nitro
glycerin test (61). More recently, in order to simplify 
the test and to shorten its duration, nitroglycerin has 
been administered sublingually, the so-called oral ni
troglycerin test (25, 27, 62). 

The protocol of the intravenous nitroglycerin test 
(61) consists of a maximum of five consecutive stages 
of 5 min supine position plus 10 min 80° upright tilt at 
a progressively increasing infusion rate, starting from 
1.72 ~g/kg per hour and with successive increments of 
0.86 ~g/kg per hour every stage. We have tested (61) 
this protocol in a group of 40 patients with syncope of 
unknown origin at the end of a complete diagnostic 
work-up (including a prolonged unmedicated HUT) 
and in 25 age-matched control subjects. The results ob
tained with nitroglycerin test have been then com
pared with those obtained with the isoproterenol test. 
We considered three different types of responses dur
ing nitroglycerin or isoproterenol test: a positive re
sponse, an exaggerated response and a negative re
sponse. A positive response is defined as the reproduc
tion of the clinical syncope or pre syncope in associa
tion with sudden and marked hypotension and brady
cardia, and an exaggerated response as the occurrence 
of minor symptoms in association with gradually in
creasing hypotension alone. The positive response is 
judged to be the expression of a neural reflex, and the 
exaggerated response the result of an excessive vasodi
latation produced by the drugs. The main results found 
(61) are the following: during the nitroglycerin test, 21 
of the 40 patients (53%) had a positive response, ten 
(25 %) an exaggerated response, nine (22 %) a negative 
response and none a drug intolerance. During the iso
proterenol test, the results were as follows: ten patients 
(25%) showed a positive response, ten (25%) an exag
gerated response, 13 (32%) a negative response and 
seven (18%) a drug intolerance. Only two (8%) of the 
control subjects had a positive response to the nitro
glycerin test and two (8%) to the isoproterenol test. 
Thus the positive rate, the specificity, and the predic
tive accuracy of the intravenous nitroglycerin test were 
53%,92%, and 67%, respectively, and those of the iso
proterenol test 25%, 92%, and 50%, respectively. 

The oral nitroglycerin test is simpler and quicker 
than the intravenous one. We have recently evaluated 
two different protocols of this test (25, 27, 62). The 
first protocol (normal protocol) (25,27) consists of giv
ing nitroglycerin sub lingually at a dosage of 0.30 mg 
following an initial period of 45 min of unmedicated 

Table 8. Reproducibility of isoproterenol test in patients with unex
plained syncope 

Reference Positive responses (%) Negative responses (%) 

(42) 80 
(52) 93 86 
(53) 80 100 
(54) 86 
(55) 88 85 
(32) 91 
(56) 64 88 

84 88 



upright tilting at 60 degrees. The HUT is then contin
ued for other 20 min at the same angle. The second 
protocol (shortened protocol) (62) differs from the 
first one only in the duration of the initial period: 20 
min instead of 45 min. The normal protocol has so far 
been tested in 290 patients with unexplained syncope 
and 52 asymptomatic control subjects and the short
ened protocol in 27 patients and 14 controls. The re
sults are encouraging (25, 62). The positive rate among 
the patients was 48% with the first protocol (24% dur
ing the control phase and 24% during drug administra
tion) and 59% with the second protocol. The specifici
ty was also good: 94 % with the first protocol and 93 % 
with the second protocol. An exaggerated response 
was observed in 16% and 7% of the cases using the 
first and second protocol, respectively. On the basis of 
this data, the shortened protocol seems to be superior 
to the normal protocol. However, the population stud
ied is quite small and these results have to be con
firmed in a larger number of a patients and controls 
before they are applied to clinical practice. 

The oral nitroglycerin test (normal protocol) was 
also compared to the isoproterenol test in a group of 
18 patients with syncope of unknown origin (64). The 
positive rate of the oral nitroglycerin test was 62% and 
that of the isoproterenol test 45%. However, the re
sults obtained with the two tests were not infrequently 
discordant and the isoproterenol test was positive in a 
percentage (22 %) of patients with a negative response 
to nitroglycerin test. This suggests the use of the iso
proterenol test as an adjunctive means to diagnose 
vasovagal syncope in patients with a negative response 
to the initial HUT test with oral nitroglycerin (64). The 
reproducibility of the oral nitroglycerin test (normal 
protocol) was recently studied in 18 patients. It was 
77% (ten out of 13) for positive responses and 80% 
(four out of five) for negative responses (our unpub
lished data). 

In summary, on the basis of the literature and our 
personal data the following conclusions can be drawn: 
(a) when compared to prolonged unmedicated HUT, a 
short-duration, drug-free protocol seriously underesti
mates the number of positive results without increas
ing the specificity of the test; (b) the addition of drugs, 
especially isoproterenol, to HUT may enhance the 
positive rate of the test, but this is often at the expense 
of specificity. Moreover, it may provoke exaggerated 
responses, which are sometimes difficult to interpret 
and classify. 

Thus, in our opinion, the prolonged (45 min) un
medicated HUT is, at the present time, the most accu
rate HUT protocol, and we recommend its use for the 
initial evaluation of patients with unexplained syncope. 
When the results of this test are negative and a strong 
suspicion remains about the vasovagal nature of the 
syncope, pharmacologic HUT tests may be used. Of 
these, the oral nitroglycerin test appears to be the most 
preferable: (a) because it is equally specific but more 
sensitive and feasible than the isoproterenol test and 
(b) because it is more practical and quicker than the 
intravenous nitroglycerin test and thus more suitable 
for routine clinical use. 
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Introduction 

Sudden loss of consciousness is a dramatic and often 
very frightening event for both patients and their fami
lies. While syncope has a wide differential diagnosis, 
the development of tilt table tests over the past 10 
years has shown us that most patients in the communi
ty with syncope probably faint because of one of sever
al presentations of vasovagal syncope. A good grasp of 
the prognosis of the patient is necessary in order to de
termine whether therapy need be attempted, and 
whether it is successful. There are a number of variants 
of vasovagal syncope, and each may have their own 
prognosis. Before we consider the prognosis of vasova
gal syncope, we will first review some of the variants of 
this disorder and also review our current diagnostic 
maneuvers. 

The Variants of Vasovagal Syncope 

Physicians have long recognized the classic vasovagal 
response to pain, severe emotional stress, or specific 
psychological stressors. Physicians and patients alike 
understand that this is a recurring but not life-threat
ening problem. However, there are other common 
forms of vasovagal syncope which have not been as 
easily recognized. Syncope in children and adolescents 
has now been shown to be due to vasovagal episodes 
in the large majority of patients who have structurally 
normal hearts (1-4). The reason for this characteristic 
appearance of syncope in adolescents is not known, 
but it appears to be self-limited. Most teenagers who 
faint stop doing so by the time they reach their third 
decade of life. Indeed, the Framingham study (5) 
showed that 90% of fainting adults do not faint before 
the age of 20. Thus although syncope in children may 
persist for a number of years and cause psychosocial 
stress and occasionally physical trauma, it usually does 
not appear to persist into adulthood. 

Pregnancy is also associated with syncope, particu
larly in the second trimester. Although this has not 
been addressed systematically, anecdotal clinical expe-
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rience amongst obstetricians and family practitioners 
suggests that this form of syncope is also self-limited. 
Few women who faint while pregnant continue to faint 
following delivery. During pregnancy, vasovagal syn
cope is rarely a cause of trauma or poor outcome. 
Thus, the outlook for vasovagal syncope associated 
with pregnancy is quite good. 

In contrast, syncope associated with valvular aortic 
stenosis is a marker of poor outcome (6). Patients with 
valvular aortic stenosis usually have a long asympto
matic period, but when syncope ensues mortality is 
high over the next 3 years. Although this syncope may 
be due to ventricular arrhythmias or conduction block, 
it is thought that some patients who faint with aortic 
stenosis do so due to inappropriate activation of the 
left ventricular baroreceptor (7). Given the high risk 
which hypotension places on patients with critical aor
tic stenosis, it is not surprising that vasovagal episodes 
portend a poor prognosis. 

The majority of patients with syncope do not pre
sent with such clearly defined historical characteris
tics. It is these patients who historically have been a 
cause of concern to many physicians, and whose etiol
ogy of syncope has been clarified with tilt table test
ing. Although a number of tilt test protocols exist (8), 
all involve orthostatic stress, and many include chal
lenge during orthostatic stress with one of a number 
of provocative agents such as isoproterenol, nitro
glycerin, adenosine triphosphate, or edrophonium. 
When patients with unexplained syncope (usually in 
the absence of demonstrable electrical or structural 
heart disease) undergo tilt table testing, most have 
syncopal or presyncopal responses associated with 
hypotension and/or bradycardia. The probability of a 
positive outcome to tilt table testing appears to de
pend upon the population of patients undergoing the 
test, as well as the nature of the test itself. However, 
between 25% and 80% of patients with undiagnosed 
syncope have a positive response to tilt table testing, 
and the symptoms they develop on tilt table testing 
closely resemble the symptoms which they have dur
ing their clinical syncope. Assuming that these pa
tients are representative of patients who faint in the 



community, it appears that the majority of patients -
perhaps at least 75% - have vasovagal syncope as the 
cause of their fainting. Since some of the largest stud
ies of the outcome of patients with syncope predate 
the advent of tilt table testing, the majority of their 
patients with syncope of unexplained etiology may 
have vasovagal syncope. 

Is Vasovagal Syncope a Threat to Life? 

The bulk of the evidence suggests that vasovagal syn
cope is not a threat to life. The Framingham study (5) 
reported that syncope occurred in at least 3% of 
adults. The average age of onset was 51 years, and only 
10% of adults had fainted before the age of 20. The in
vestigators were unable to identify any obvious histori
cal risk factor for syncope in 84 % of the subjects who 
fainted. With the benefit of hindsight, we may assume 
that most of these subjects had vasovagal syncope. The 
age-adjusted risk of death was no different than that of 
the nonfainting subjects in all age groups, suggesting 
that vasovagal syncope does not pose a mortal risk to 
the large majority of patients. 

In contrast to this community-based study, Kapoor 
et al. (9) assessed the mortality of 204 patients who 
presented with syncope to a large American tertiary 
care institution. In this study, which preceded the ad
vent of tilt testing, 97 (48 %) of patients had no diag
nosed etiology of their syncope despite an aggressive 
series of diagnostic investigations. Another 26% of pa
tients had a diagnosed cardiovascular cause of syncope 
such as sinus node dysfunction, complete heart block, 
or ventricular tachycardia. The actuarial risk of sudden 
death in 1 year in the latter group was 24%, while the 
risk of sudden death in patients without a diagnosed 
cause of syncope was only 3%. Only three of 16 sud
den deaths did not have a clearly arrhythmic, ischemic, 
or mechanical cause. If we assume that the majority of 
the patients with undiagnosed syncope had vasovagal 
syncope, this study, too, suggests that patients with 
vasovagal syncope are at very low risk of sudden 
death. 

In a similar study, Kushner et al. (10) determined 
the outcome of 99 consecutive patients with unex
plained syncope and nondiagnostic findings in an elec
trophysiologic study who were assessed between 1984 
and 1987. Structural heart disease was present in 47 
patients and was absent in 52. The mean age of the pa
tients was 56 years. Over a mean 20 months of follow
up, only two patients died suddenly. One of these pa
tients was an elderly man with moderately severe left 
ventricular systolic dysfunction due to coronary artery 
disease, and one was a middle-aged chronic alcoholic 
who had sustained polymorphic ventricular tachycar
dia induced by programmed ventricular stimulation 
with triple extrastimuli. Although no patients under
went tilt table testing, the results of this study are con
sistent with an overall benign outcome of patients with 
vasovagal syncope. Thus all three studies, one of which 
was community-based and two of which were from ter
tiary care centers, indicate that the large majority of 
patients with vasovagal syncope are not at risk of sud
den death. 
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Malignant Vasovagal Syncope 

Are there specific subpopulations at higher risk of 
death? During headup tilt a variable minority of pa
tients develop asystole in association with syncope. 
Some of these asystolic events last many seconds. Is 
this finding a marker of a mortal risk? Brignole et al. 
(11) prospectively addressed this question in a study of 
56 patients with recurrent syncope and a positive tilt 
table test. Of these patients, 28 had an asystolic re
sponse of 7 ± 6 s (range 3-21 s) while the control group 
did not have asystole. Age, gender, and the history of 
syncopal symptoms were similar in the two groups. No 
patients died in either group over a 17 ± 14 month fol
low-up, although the actuarial risk of syncope at 40 
months was about 40% in both groups. In a similar 
study, Dhala et al. (12) studied 19 patients who had 
asystole> 5 s on tilt testing. None of these patients 
died over a mean follow-up of 2.1 ± 1.4 years, despite a 
recurrence rate of syncope of 11 %. Thus, an asystolic 
response on tilt table testing does not appear to be a 
risk for sudden death. 

Finally, anecdotal reports have appeared about 
patients who have been resuscitated from sudden car
diac death, then found to have a positive tilt table test 
with no other abnormalities. This suggests that vasova
gal syncope might cause death in isolated instances. 
However, one case involved a patient who fainted 
while swimming and was resuscitated from drowning, 
and several have reported the resuscitation of health 
care personnel at work, or the resuscitation of spouses 
of health care personnel. Given the alarming appear
ance of patients who faint, it is not unreasonable that 
an attempt at resuscitation would be made, but 
whether spontaneous recovery would have ensued 
without treatment is open to question. 

The Chronic Nature of Vasovagal Syncope 

Vasovagal syncope in many patients appears to be a 
chronic disorder. Several studies have reported the du
ration of symptoms of recurrent syncope among large 
popUlations of patients who have had a positive re
sponse to headup tilt table testing. For example, we re
ported (13) that in a population of 41 patients with 
syncope during headup tilt testing, the mean and medi
an duration of symptoms was 49 and 18 months, re
spectively. Our longest suffering patient has fainted re
currently for over 60 years. Thus many patients who 
are referred for tilt table testing have been fainting for 
a considerable length of time. However, this may re
flect a selection bias of patients who are referred for 
syncope. For example, it might be that the majority of 
patients with syncope faint only once or twice and are 
not referred for specialist assessment. 

Few studies have specifically addressed the prog
nosis of patients with a positive tilt table test. Howev
er, recent randomized trials of the effectiveness of var
ious treatments have included placebo arms (Table 1). 
Brignole et al. (14) reported the outcome of 15 place
bo-treated patients who had had a positive tilt table 
test and a mean of seven historical syncopal spells. 
Over a mean follow-up of 10 months, syncope recurred 



Table 1. Risk of a recurrence of syncope following a positive tilt test in five populations of drugfree patients. 

Reference Number of Patients Follow-up period (years) Risk of syncope (%) 

(14) 15 
(15) 10 

(16) 51 
(17) 60 
(18) 101 

in four patients (27%) with an actuarial 1 year risk of 
syncope of about 30%. Morillo et a1. (15) randomized 
21 patients to treatment with disopyramide or placebo. 
They had had a mean of 11 ± 11 syncopal spells and all 
had had at least two positive tilt table tests. Over a 
mean follow-up time of 29 ± 8 months syncope re
curred in 30% of the untreated patients. These trials, 
each with small numbers of patients, consistently 
showed that patients with small to moderate numbers 
of historical syncopal spells have a low risk of recur
rence following tilt table testing. 

In the past 2 years, several follow-up studies of 
larger numbers of patients who have had recurrent 
syncope and positive tilt table tests have been reported 
(Table 1). Natale et a1. (16) studied 51 self-selected, 
drugfree patients with 10 ± 7 syncopal spells preceding 
a positive tilt table test. The risk of having at least one 
further syncopal spell was 29% in the 3.2 years follow
ing the positive tilt test, and no patients fainted beyond 
16 months. Similarly, Morillo et a1. (17) reported that 
60 self-selected drugfree patients with recurrent syn
cope and a positive tilt table test had a 10% risk of 
syncope over a median 28 months following this test. 
We reported the results of a similar study of 101 pa
tients (18) with syncope and a positive tilt table test 
who were followed without specific medical or pacing 
treatment. Although this population had a median 
pretest frequency of three syncopal spells per year, the 
actuarial risk of syncope-free survival was about 50% 
after 3 years of follow-up. The number of historical 
faints, frequency of historical faints, and duration of 
symptoms each predicted the risk of recurrent syn
cope. Unfortunately, none of these studies involved 
patients who were randomized to placebo, nor did they 
involve populations in which all patients were allocat
ed to have no specific treatment. 

Is asystole a risk for recurrent syncope? Menozzi 
et a1. (19) followed 23 patients with syncope mainly 
due to carotid sinus hypersensitivity, and who had an 
asystolic response to carotid sinus massage, eyeball 
compression, or headup tilt. All patients received a 
pacemaker with a very long hysteresis lasting up to 6 s 
and a large memory for spontaneous bradycardic 
episodes. Over a mean 15 months of follow-up, fre
quent asystolic episodes occurred in 17/23 patients, in
cluding 47 episodes> 6 s. The actuarial risk of asystolic 
episodes> 3 s was 82% after 2 years of follow-up. Sur
prisingly, only 0.7% of episodes 3-6 s in duration and 
43% of episodes> 6 s resulted in pre syncope or syn
cope. Similarly, Dhala et a1. (12) and Brignole et a1. 
(11) both found that asystole on tilt testing did not pre
dict a higher risk of recurrent syncope. Although an 
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30% 
2.5 30% 

1.3 29% 

2.3 10% 
28% 

asystolic response to vasovagal maneuvers is associat
ed with frequent spontaneous asystolic events during 
follow-up, these are rarely symptomatic unless they 
are> 6 s. Thus, although these studies involved rela
tively small numbers of patients over a brief duration 
of time, they did study patients with an asystolic re
sponse, and the results suggest that these patients are 
not at increased risk of syncope. All studies consistent
ly demonstrated a relatively low risk of recurrence of 
syncope following a positive tilt test. 

Does Treatment Prevent Recurrent Syncope? 

Numerous studies have attempted to demonstrate that 
drug treatment improves the outcome in patients with 
recurrent syncope and a positive tilt table test. Gener
ally, treatments have been directed at either correcting 
the bradycardia or hypotension seen during syncope, 
or intervening in the hypothesized pathophysiologic 
cascade which begins with orthostatic stress and possi
bly physical or emotional stress. Two types of studies 
have been reported (8). The first involves determining 
whether an intervention prevents syncope during a tilt 
test. The underlying assumption is that the pathophysi
ologic findings seen during tilt tests mimic those which 
occur clinically, and that therefore the demonstration 
that a treatment which prevents syncope on tilt testing 
will also prevent syncope during chronic follow-up. 
Treatments which have been shown to have some ef
fect at preventing syncope during tilt testing include 
intracardiac pacing (20), B-adrenergic blockers (21), (l

adrenergic agonists (22), disopyramide (23), and spe
cific serotonin reuptake inhibitors such as sertraline 
(24). 

However, the hypothesis that the response to a 
drug on tilt testing predicts the eventual clinical out
come on that drug may not be true. In a randomized, 
placebo- controlled, parallel arm, prospective trial Mo
rillo et a1. (15) showed that the response to placebo or 
intravenous disopyramide during headup tilt did not 
predict the response of the patient to chronic oral ther
apy with the same agent. However, the study involved 
patients undergoing at least five sequential tilt tests in 
multiple crossovers and eventually most patients did 
not faint on tilt testing. Whether this protocol that in
cluded a high number of serial tilt tests resembles clini
cal reality, or confounds it, is unclear. Furthermore, 
only 30% of patients on either placebo (3/10) or 
disopyramide (3/11) fainted during follow-up. There
fore the study might have been underpowered to 
demonstrate a true difference or might have involved 



an agent which was truly ineffective. A second study 
by Brignole et al. (14) randomized patients to placebo 
or to drug therapy selected on the basis of serial tilt 
table tests. These authors were also unable to demon
strate that the outcome of treated patients was any 
better than untreated patients and therefore were un
able to demonstrate the usefulness of using tilt table 
tests to guide medical therapy. 

In contrast, several open label uncontrolled case 
report series have been published which have suggest
ed the usefulness of various drugs. Strieper and Camp
bell (22) treated 16 pediatric patients (mean age 13 
years) who had recurrent syncope and a positive tilt 
test with oral pseudoephedrine in a dosage of 60 mg 
twice daily for an average of 12 months. Fifteen of 16 
patients had no recurrent syncope, and the risk of re
current syncope was about 6%. Grubb et al. (23) ad
ministered sertraline 50 mg daily to 17 young patients 
(mean age 15 years). Nine patients subsequently had a 
negative tilt test and all were asymptomatic over 12 ± 5 
months of follow-up. Similarly, Grubb et al. (25) 
chronically administered a variety of agents including 
B-blockers, disopyramide, scopolamine, and hydrofluo
rocortisone to patients based upon their results to tilt 
tests, and all were reported well after a mean follow
up of 16 ± 2 months. 

The effectiveness of drugs in preventing recurrent 
syncope is unproven. Previous studies either were not 
randomized or not placebo-controlled, and the pa
tients who were in these studies often had a relatively 
small number of historic syncopal spells. They there
fore might be predicted to do well regardless of 
whether or not they received treatment. The random
ized, placebo-controlled studies were unable to 
demonstrate that either disopyramide or a combina
tion of various treatments were effective in preventing 
syncope during the long-term follow-up. These studies 
in retrospect were probably underpowered. Given the 
relatively small risk of recurrence of syncope, studies 
will need to involve either larger numbers of patients, 
longer follow-up, or both. 

Future Directions 

Several important questions remain to be determined. 
First, what should an outcome be? Most authors have 
concentrated on syncope. It is a simple, quantifiable, 
binary, memorable event. However some believe that 
the total burden of syncope and pre syncope deter
mines the overall degree of affliction and have suggest
ed the use of combined measures. In light of this un
certainty, we might determine which of these assump
tions is correct by performing a study involving one or 
more quality of life measurement tools (26,27). 

If syncope is to be used as an outcome measure, 
should we be determining the total number of synco
pal spells over a fixed period of follow-up or using a 
simpler estimate such as the time to first syncopal spell 
following randomization to a treatment? The rationale 
for using time to first event has been well established 
with paroxysmal arrhythmias such as atrial fibrillation 
and supraventricular tachycardia (28). It depends upon 
a formal demonstration of a Poisson distribution of the 
probability of recurrence. No study has yet shown that 
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syncope recurs in a Poisson or Poisson-like probability 
distribution. 

The second kind of study which is needed is an as
sessment of the outcome of a representative popula
tion of untreated patients with syncope and a positive 
tilt test. This information might be derived from the 
placebo arm of a randomized, controlled trial. From 
our preliminary data (18), we estimate that this kind of 
study would require at least 100 untreated patients. 
This will also help us understand which patients are at 
a sufficiently high risk of syncope that treatment is 
warranted. It would be difficult to demonstrate that 
medical therapy helps patients who only faint once or 
twice. 

Large, randomized, controlled trials are required 
to evaluate whether treatment is effective. Given the 
relatively low risk of recurrent syncope following a 
positive tilt table test, such trials will need to involve 
either high numbers of patients with an average low to 
moderate risk, or smaller numbers of higher risk pa
tients. Finally, a large, randomized, placebo-con
trolled, parallel design trial will need to be mounted to 
determine whether serial tilt tests are useful in select
ing effective therapy. 
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Introduction 

One of the problems in the assessment of syncope is 
that most clinical episodes are not witnessed. There
fore, features such as asystole during the attack must 
be assumed on the basis of indirect evidence such as its 
induction with provocative maneuvers. Head up tilt 
test (HUT) is the most widely used of such maneuvers, 
and most discussions on the management or signifi
cance of asystole during syncope are based on the de
velopment of asystole during HUT. Therefore, before 
addressing the particular issue of asystole in vasovagal 
syncope (VVS), a critical review of the reliability of 
HUT to draw conclusions about such a topic is justi
fied. 

In 1986, Kenny et al. (1) first described the use of 
HUT in patients with syncope of unknown origin 
(SUO). Since then HUT has been extensively used, 
mainly for the clinical diagnosis of VVS (2-6) in pa
tients with SUO. During the past years HUT has been 
used not only for the diagnosis of VVS, but also to in
crease the knowledge of its pathophysiology (7-9), to 
characterize its different clinical patterns (10,11), and 
also to select and monitor the response to therapy (12-
27). 

Recently, a multicenter European Working Group 
has provided a classification of the type of responses 
observed during HUT (11). The responses are classi
fied according to the contribution of hypotension or 
bradycardia to syncopal responses. Thus, three main 
types of responses are recognized: type I, defined as 
as mixed response, when both components, hypoten
sion and bradycardia, are present; type 2, when there 
is a predominately cardioinhibitory response, de
fined as a bradycardia <40 beats per minute during 
more than 10 s or an asystole longer than 3 s; and 
type 3, when there is a predominatly vasodepressor 
component. Type 2 is subdivided in two additional 
SUbtypes: 2A, when blood pressure decreases before 
the heart rate decreases, and 2B, when blood pres
sure decreases to hypotensive levels only after the 
time at which heart rate decreases. The therapeutic 
approach to patients in which type 2 response to 
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HUT is observed are those which will be analyzed in 
this chapter. 

In spite of the extensive use of HUT, some impor
tant aspects of the test remain to be established. 

The presence of a positive response to HUT has 
been considered as diagnostic of vasovagal etiology in 
patients with SUO (1-4). Before using any test for di
agnostic purposes, its sensitivity and specificity should 
be well known (28). Specificity of HUT has been stud
ied by many authors (2,4,5,7,10,29-32), with figures 
that range between 55% and 100%. These variations 
in the specificity between different series can be, at 
least partially, explained by the lack of uniformity of 
the protocols, either in the degree of inclination, in the 
duration of the test, or using (versus not using) differ
ent provocative drugs such as isoproterenol 
(4,5,13,29,31) or nitroglycerine (32). Up to now, HUT 
has been performed in different groups of patients 
with SUO; however, for assessing the true sensitivity 
of the test, patients with proven VVS should be stud
ied (28). The selection of a gold standard of VVS is a 
difficult matter. According to Kapoor (33) only those 
patients with a clear precipitating condition, such as 
pain, fear, or medical instrumentation, can be consid
ered to have VVS, while the presence of premonitory 
symptoms alone is not enough for establishing the di
agnosis of VVS. Accordingly, there are no series in 
which HUT has been performed in patients with 
proven VVS and, consequently, the true sensitivity of 
the test is not known (34). 

The most widely accepted pathophysiologic mecha
nism of VVS is that central hypovolemia, usually secon
dary to orthostatism, dehydration, or other unknown 
causes, stimulates baroreceptors and leads to an in
creased sympathetic nerve tone that can be increased 
by other stressing factors such as pain or fear. In this 
situation there is an increased inotropism in a rela
tively empty left ventricle (7,35) which leads to a hy
perstimulation of C receptors of the left ventricular 
wall (36,37). In susceptible patients, these hyperacti
vated C receptors can produce, via the tractus nucle
us solitarius, a paradoxical sudden withdrawal of sym
pathetic nerve tone and an increased parasympathetic 



nerve tone which leads to hypotension and bradycar
dia (35-38). 

Therapeutic Options in VVS 

According to this pathophysiologic sequence of VVS, 
different drugs have been proposed: etilefrine (13,39), 
B-blockers (7,23,40-43), disopyramide (17,44), fludro
cortisone (23), transdermal scopolamine (23,41,45), 
and inhibitors of serotonin re-uptake (46). Cardiac 
pacing has been considered as a therapeutic alterna
tive, alone or in combination with drugs, in patients 
with a severe cardioinhibitory response to HUT (type 
2), to treat bradycardia (1,21-27). 

Many articles have been published in which these 
drugs, or even pacemakers, have been used in patients 
with VVS. The efficacy of therapeutic interventions 
has been assessed either with sequential HUT or with 
follow-up of these patients, but most of the studies that 
have been published have some limitations and no de
finitive conclusions can be drawn. There are some un
resolved issues regarding the use of HUT to select the 
appropriate therapy in patients with VVS. Although 
HUT has been used in most studies as a surrogate for 
clinical recurrences, its predictive value in the follow
up has not been demonstrated (43). In fact, it is not 
known to what extent the observed response to HUT 
reproduces the characteristics of spontaneous syncopal 
episodes (47). Many variables can influence the re
sponse of the patients to HUT. We have observed that 
the use of isoproterenol influences the heart rate dur
ing a positive response to HUT (48). Thus, heart rate 
is significantly higher when the response develops dur
ing isoproterenol infusion than when it develops with
out isoproterenol. Therefore, the rate of cardioin
hibitory responses to HUT is significantly reduced 
when isoproterenol is used. For HUT to be of use in 
evaluating the beneficial effect of any therapeutic in
tervention, the test must be highly reproducible. The 
reproducubility of an initially negative response is high 
and has shown little variation between different series 
(6,49-53), ranging from 85% to 100%. However, the 
reproducibility of positive responses is lower and less 
uniform (6,30,49-54), ranging from 36% to 92%. There 
are few published data about the reproducibility of the 
type of response (53). In our experience, the observed 
positive response when sequential HUTs are per
formed can vary from a severe cardioinhibitory re
sponse to almost pure vasodepressor in the same pa
tient. Thus, it has not been firmly established as to 
what extent the observation of asystole during HUT 
indicates that asystole is present in the spontaneous at
tacks. Additionally, most of the trials in which the effi
cacy of different drugs in patients with VVS has been 
assessed, either with HUT or with follow-up alone, 
have been uncontrolled (7,12,13,40,42,45,46). In those 
trials either the conversion from a positive to a nega
tive response to HUT or the lack of recurrences during 
follow-up have been taken as evidence of efficacy of 
the admininistered therapy. Accordingly, all these 
studies have concluded that most of the tested drugs 
were effective in treating patients with VVS. However, 
the few controlled trials that have been published up 
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to now (17,20,39,43) have shown a high rate of nega
tive responses to repeated HUT and a low rate of re
currences in the follow-up with placebo, and no benefi
cial effect of any tested drug when compared with 
placebo has been demonstrated. Although these re
sults do not rule out the possibility that some of these 
drugs can be effective in some patients with VVS, up 
to now there is no convincing evidence of beneficial ef
fect with any drug in patients with VVS. 

Cardiac Pacing in VVS 

It has been suggested that in patients with a severe car
dioinhibitory response to HUT (that is, the type 2A 
and 2B) the implantation of a pacemaker can playa 
role in its treatment. The aims for implanting a pace
maker in patients with VVS and a cardioinhibitory re
sponse to HUT are different (27): to reduce the re
currence rate of syncopal episodes; to decrease the 
severity of syncopal episodes; to prevent severe long 
asystolic periods; and to decrease the possibility of 
sudden death secondary to severe cardioinhibitory re
sponse (55). 

None of these possible benefits of pacing in pa
tients with VVS has been convincingly demonstrated. 
The role of pacing either to prevent syncopal recur
rences or to decrease its clinical severity has been as
sessed by many authors. Most of them have performed 
repeated HUT with pacemakers. It has been clearly 
shown that the use of ventricular pacing was ineffec
tive in preventing a vasovagal response (21,25,56). 
Many authors have used dual-chamber pacemakers to 
prevent a syncopal response to HUT, with discordant 
results (22-26,47). Some have reported that the rate of 
positive responses to HUT was similar with dual
chamber pacemakers; however, the time interval from 
the beginning of symptoms to the occurrence of syn
cope was longer and the pattern of clinical presenta
tion was diferent, changing from a sudden episode to a 
more progressive and less severe syncope (22). This 
would prevent injury as a consequence of sudden syn
cope. These results have not been confirmed by other 
authors, including our group (24,26), and even some 
have suggested that those patients can be treated with 
drug therapy (24). In any case, no one of those trials 
with pacemakers have been controlled, and thus, no 
definitive conclusion can be drawn. Some authors have 
suggested that VVS with a severe cardioinhibitory re
sponse can be associated with cardiac arrest in select
ed patients (55). In patients who have experienced a 
severe loss of consciousness and in whom cardiopul
monary resuscitation has been performed, a HUT 
conducted later showed a positive response. Accord
ingly, the authors have proposed that in some pa
tients with a severe cardioinhibitory response to 
HUT a pacemaker should be implanted to prevent 
sudden death. In spite of the fact that the possibility 
that some patients with VVS might be at risk of car
diac arrest cannot be ruled out, up to now there has 
not been any clear evidence to support this con
tention. Additionally, some of those patients who "re
covered" from severe episodes of cardiac arrest had a 
positive HUT without cardoinihibitory response, and 



therefore no clear markers of patients at risk of cardiac 
arrest have been identified. Brignole et al. (49) have 
shown that an asystolic response to HUT has no prog
nostic significance in the follow-up, neither for recur
rences nor for the possible occurrence of cardiac ar
rest. So, the indication to implant a pacemaker to pre
vent sudden death in patients with VVS remains to be 
demonstrated. 

Clinical Management of Patients with VVS and an 
Asystole to HUT 

With all the available data in hand, we will try to an
swer the question that has been addressed in this com
munication: Vasovagal syncope with asystolic pause: 
drugs, pacemakers, or both? Indeed, the question 
should be "vasovagal syncope with asystolic pause: 
drugs, pacemakers, both or neither?" In fact, some 
studies have suggested that the recurrence of VVS is 
low (17,41,47). These data suggest that in most patients 
with a previous history of recurrent VVS, VVS will not 
recur after a complete diagnostic evaluation for SUO, 
including HUT, suggesting that HUT may playa role 
in reducing recurrences. In fact, the controlled studies 
that have been performed using HUT, have shown 
that in up to 50% of patients the test becomes negative 
with placebo (17,39), and that at clinical follow-up, 
80% are free of recurrences, also with placebo (41,43). 
This suggests that mechanisms other than pharmaco
logical effect may be responsible for the apparent re
mission of syncope. 

As the prognosis of patients with VVS is good and 
there are not enough data to consider treatment for 
avoiding sudden death, the decision to treat patients 
with VVS is mainly for symptoms, to prevent recur
rences. With all the available data, the use of HUT to 
monitor the effect of therapy is of limited value in indi
vidual patients; thus the selection of any treatment for 
patients with VVS is largely empirical. The natural his
tory of syncope is not well defined, but it is well recog
nized that in some patients there are periods of clus
tered episodes followed by periods of remission that 
can be spontaneous or apparently induced by medical 
interventions. Thus, before initiating any treatment af
ter complete diagnostic evaluation, even in patients 
with a recurrent history of syncope and an asystolic re
sponse to HUT, a period of follow-up without therapy 
can be recommended to evaluate the possibility of 
"spontaneous" remission of syncope. 

Treatment can be recommended in those patients 
with asystolic response to HUT and recurrent episodes 
of VVS in the subsequent follow-up. Due to the lack of 
definite evidence of the beneficial effect of pacing in 
those patients, the initial treatment should be drug 
therapy. B-Blockers are theoretically recommended to 
counteract hypersympathetic activity that triggers 
vasovagal response, thus helping to prevent it. In spite 
of that, the safety of B-blockers in patients with VVS 
and severe cardioinhibitory response has not been ful
ly demonstrated. The suggestion has been made that B
blockers may facilitate the conversion of a pure va
sodepressor response to a cardioinhibitory one (57). In 
agreement with these caveats, the first selected drug in 
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patients with VVS and asystolic pause can be either of 
drugs, as proposed by different authors, such as etile
frine, fiudrocortisone, scopolamine, or inhibitors of 
serotonin re-uptake. Due to the lack of criteria for us
ing a specific drug in different groups of patients, the 
selection is empirical and must be made according to 
personal experience. The only valid parameter to as
sess the efficacy of the treatment is the presence of re
currences or the change in the severity of episodes. If 
in spite of drug therapy there are recurrences of syn
cope, cardiac pacing with a dual-chamber pacemaker 
can be considered. Before implanting a pacemaker it 
may be useful to repeat HUT with an external dual
chamber pacemaker to assess to what extent the pace
maker can modify the clinical presentation of syncope. 
A pacemaker can prevent syncopal recurrences, re
duce the severity of its clinical presentation, or simply 
allow a safe use of B-blockers in those patients. It has 
been suggested that the use of rate hysteresis in the 
pacing algorithm whereby pacing begins at 80 bpm 
when the heart rate falls below 40 bpm can be benefi
cial (27). 

All previous considerations highlight the lack of 
consistent data concerning therapy in patients with 
VVS. This is especially true for patients with asystolic 
pauses, because the underlying question is whether to 
pace or not to pace, a decision with longer-lasting con
sequences than any drug therapy. This emphasizes the 
need of well-designed, prospective, controlled trials 
that address these questions. Due to the low rate of re
currences and to the low rate of observed cardioin
hibitory responses to HUT, only multicenter trials that 
recruit a large number of patients can answer this 
question. 

Conclusions 

Up to now no definite data are available about the real 
efficacy of any drug or cardiac pacing in patients with 
VVS and a positive response to HUT. Accordingly, 
the selection of treatment is empirical. If after HUT, 
patients have recurrences, drug therapy can be recom
mended as a first option, and if in spite of drugs there 
are recurrences, implantation of a pacemaker can be 
considered. It seems that a pacing algorithm that in
cludes rate hysteresis can be beneficial. 
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Introduction 

Vasovagal syncope is the most common form of syn
cope. Few patients require any therapy but a small mi
nority present with major symptoms which include 
complications of syncope, such as incontinence of 
urine and epileptiform seizures and, when studied, 
they show an important element of cardioinhibition. 
Older patients with this severe type, which has been 
called malignant vasovagal syncope (1) may experi
ence little or no warning of the impending attack and, 
as a result, may be unable to avoid falling and receiv
ing injuries. This group represents approximately 3% 
of patients for whom pacing is indicated (2). 

The results of treatment are encouraging but 38% 
continue to experience some symptoms ranging from 
dizziness to delay in the onset of syncope permitting 
avoidance of injury. The mode of pacing chosen has 
been DDI with rate hysteresis typically programmed 
to a trigger rate of 45 and a pacing rate of 85 ppm (2). 
Thus, the application of the therapy depends on severe 
bradycardia at a time when the evolution of the attack 
may be too advanced for pacing to abort it. Higher 
trigger rates precipitate false introduction of pacing for 
bradycardias of rest and sleep. These episodes are of
ten symptomatic and have to be circumvented by 
choice of a low trigger rate. Pacing, using the VDD 
mode, at the beginning of a tilt test has been shown to 
be ineffective in prevention of tilt-induced syncope in 
a group of patients rendered asymptomatic over a pe
riod of more than 3 years by the type of hysteresis pac
ing described above (3). These findings, however, 
should not be taken to imply that earlier pacing inter
ventions during the evolution of an attack will also be 
ineffective. It is possible that intervention with a rapid 
rate pacing at a crucial, but as yet undefined moment 
of the development of a vasovagal attack could have 
such a dramatic effect on the neuroendocrine system 
so as to achieve reversal. 

Vigorous left ventricular contraction has been re
ported in the early phase of vasovagal syncope, and it 
has been assumed that this reflects the high levels of 
circulating adrenaline which have been found (4, 5). 
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These phenomena might be expected to be associated 
with elevation of both left and right ventricular pres
sure rise times (dp/dt). Pacemaker technology has al
ready been developed for use of right ventricular dp/dt 
as a sensor for rate modulation (6) using an endocar
dial catheter-based micromanometer. Investigations 
were therefore planned to monitor this parameter in 
tilt-induced vasovagal syncope. 

Patients and Methods 

Ten patients were studied during invasive tilt testing. 
The protocol, approved by the Hospital Ethical Com
mittee, involved monitoring heart rate and arterial 
pressure (FINAPRES) non-invasively together with a 
right ventricular micromanometer catheter and tempo
rary dual-chamber pacing. The patients underwent in
sertion of the necessary venous access and were then 
allowed to rest for at least 1 h before a series of tilts 
was performed, one without pacing and three with pac
ing, separately using DDI with standard 45-to 85-ppm 
hysteresis (actually DVI mode because this was readily 
available in the external pacing device used), DDI pac
ing triggered by Medtronic's rate drop response algo
rithm (7) in the first five patients and DDI at 100 ppm 
from the onset of upright tilt in the second group of 
five patients, and DDI with manually triggered hys
teresis pacing at 120 ppm. In this latter mode of pac
ing, the triggering of the rapid pacing was prompted by 
the onset of symptoms combined with early blood 
pressure fall. Throughout all these tilt tests, right ven
tricular dp/dt was recorded. 

All ten patients presented with severe symptoms 
and gave informed consent for the tilt test series. 
There were six women and four men, and the age 
range was 31-60 years. 

Results 

Syncope or severely symptomatic pre syncope occurred 
in 35 of the 40 tilts performed with a reproducible 



pattern of haemodynamic collapse, but a variable time 
from tilt upward to onset of symptoms. 001 with stan
dard rate hysteresis was effective in sufficiently ame
liorating symptoms to permit a prodrome and an abili
ty to abort an attack in two patients. Permanent pacing 
systems have subsequently been implanted in them. In 
the five tested with the rate drop response algorithm, 
amelioration of symptoms was demonstrated in all, 
and one received a permanent pacemaker, being one 
of the two previously mentioned. The manually trig
gered hysteresis with a rapid pacing rate was addition
ally effective in two other patients. These patients have 
not yet had pacemakers implanted, as an adequate 
trigger for this rapid pacing has not yet been identified. 

Right ventricular dp/dt behaviour was found to 
be variable from one patient to another, there being 
no consistent finding of elevation in the early phase 
of onset of vasovagal syncope as had been expected 
from previous work. Combinations of right ventricu
lar dp/dt maximum and minimum with heart rate and 
pressure in the right ventricle failed to yield any reli
able pattern of change that could be utilised as a sen
sor to permit early pacing intervention in vasovagal 
syncope. 

Discussion 

From these studies of a highly symptomatic group of 
patients, we have shown that advanced pacing algo
rithms for the treatment of vasovagal syncope may 
have some value, but in such patients the standard 
001 rate hysteresis system has limited applicability. 
The design of advanced algorithms depends on two 
major factors: determination of the ideal time of pac
ing intervention, which in turn depends on perfect sen
sor information and, secondly, the possibility, by pro
grammability, of selecting a high interventional pacing 
rate. This latter facility now exists with the Medtronic 
rate drop reponse algorithm. 

Evaluation of right ventricular dp/dt changes al
though promising has proved to be disappointing. This 
small experience has not shown any definite trend to
ward a dramatic rise in right ventricular dp/dt maxi
mum as was expected from the adrenaline release data 
(4,5). It is likely, therefore, that this parameter will not 
fulfil the need for a specific haemodynamic change 
that can be sensed for this indication. 

In contrast, we have found that, were a satisfactory 
parameter for sensing to be identified, the ability of 
pacemakers to combat the severe symptoms of an im
portant minority of vasovagal syncope patients would 
be significantly increased. Additionally, we have 
shown that serial tilt testing is more reproducible in a 
group of very symptomatic patients than in those less 
symptomatic (8-10) and the pattern of haemodynamic 
collapse in these patients is quite consistent. However, 
the time from commencement of tilt to onset of syn
cope is variable. Finally, we have again shown in this 
study, as was the conclusion of the re-tilt study of 
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asymptomatic paced vasovagal patients (3), that "pre
medication" by a form of dual-chamber pacing, in this 
case DOlor DVJ, prior to the onset of vasovagal syn
cope is not only ineffective but cannot be the mecha
nism of benefit in those who have done well after 
pacemaker implantation for this indication. 

Conclusions 

The following conclusions may be drawn: 
1. Right ventricular dp/dt is unlikely to prove to be 

an ideal sensed parameter for the introduction of dual
chamber pacing to combat vasovagal syncope. 

2. If a suitable parameter can be identified, the 
benefits of pacing intervention in an evolving vasova
gal attack may be expected to be enhanced, especially 
as the facility for programmable high pacing rates is 
now available. 

3. Serial tilt testing in very symptomatic patients is 
associated with greater reproducibility than can be ex
pected in a more heterogeneous group of vasovagal 
patients. 

4. Continuous dual-chamber pacing is not the 
mechanism of benefit in patients with vasovagal syn
cope, and it is likely that critically timed pacing inter
vention is needed for its realisation. 
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Introduction 

Since the importance of the atrioventricular (A V) in
terval in cardiac hemodynamics has been realized, 
first-degree atrioventricular A V block has been con
sidered as one of the possible indications for perma
nent cardiac pacing. 

Some authors (1,2) reported that patients (pts) 
with markedly prolonged PQ interval may complain of 
severe symptoms because of the hemodynamic impair
ment due to A V block. In these pts the application of a 
dual-chamber pacemaker with shorter A V delay in
duced an evident functional improvement. 

The optimization of the A V interval can improve 
cardiac performance and may be particularly effective 
in some cardiac diseases, as recently reported in hyper
trophic and dilated cardiomyopathy (3,4). 

Optimal A V Interval 

The assessment of the A V interval in cardiac pacing 
was introduced by Haskell (5), who demonstrated by 
echo-Doppler that the optimal hemodynamic result 
was obtained with a 150-ms A V delay. More recently, 
Ovsyshcher (6) evaluated cardiac output at different 
pacing rates, using impedance cardiography. In his 
study the best cardiac output was obtained with a 
mean A V delay of 120 ms. 

The hemodynamic response to DDD pacing may 
vary whether the atrium is sensed or paced, and 
whether it is followed by a sensed or paced ventricle. 
Moreover, during right atrial and ventricular stimula
tion there are variable interventricular conduction de
lays, but the interval between right and left atrium ac
tivation is more prolonged and may vary from 30 to 
100 ms (7,8). From the hemodynamic point of view, 
the more important aspect is to obtain the best syn
chronization between the left cardiac chambers. 

Modern dual-chamber pacemakers can automati
cally vary the A V interval when ventricular pacing fol
lows a sensed rather than a paced atrial activity or also 
reduce the A V interval proportionally to the increase 
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in pacing rate (rate-adaptive A V delay), according to 
the physiologic behavior of the PR interval during 
heart rate variation. 

Optimal A V Delay Versus Intrinsic Conduction 

Ventricular activation through the normal His-Purkin
je system differs from apical ventricular pacing; this 
difference can lead to significant hemodynamic 
changes. This problem may be relevant in pts with sick 
sinus syndrome and normal or slightly delayed A V 
conduction but mainly in those with first-degree and/or 
intermittent second-degree, L W type, A V block. In 
these particular pts it is possible to program the A V in
terval long enough to avoid ventricular stimulation, 
but this choice is not always hemodynamically advan
tageous. 

When is ventricular stimulation with optimal A V 
interval preferable to normal ventricular activation 
with a long PR interval? Data in the literature are con
flicting. 

According to Mabo (1), a very long PR interval 
may facilitate a hemodynamic impairment mainly dur
ing physical activity. In five pts with a mean A V inter
val of 410 ms, without any shortening during effort, 
DDD pacing improved exercise duration by 72% and 
cardiac output by 19%. 

Rosenqvist (9) studied by echo-Doppler and ven
tricular scintigraphy the systolic and the diastolic func
tion of 12 pts during AAI, DDD, and VVI pacing. The 
mean AV interval was 248 ms during AAI and 140 ms 
during DDD pacing. The best output and ejection frac
tion were obtained with AAI rather than with DDD 
and VVI pacing. In this study no attempt was made to 
evaluate the optimal A V delay in dual-chamber pac
ing. 

Jutzy (10) achieved similar results in the evalua
tion of nine pts by AAI pacing with a mean A V inter
val of 245 ms and DDD pacing with individual optimal 
A V delay and obtained the best cardiac output 
( + 13 %) during dual-chamber pacing. According to 
these results, in pts with first-degree A V block DDD 



pacing at rest leads to better hemodynamic perfor
mance than at normal cardiac activation, mainly in 
those pts with a PR interval> 220 ms 

By and large, sequential A V pacing may improve 
the hemodynamic performance in pts with first-degree 
A V block. When the PR interval is particularly pro
longed with no shortening during effort tachycardia, 
symptoms are usually present, even in the absence of 
heart disease. The greatest advantage of A V interval 
shortening is probably obtained in heart diseases with 
preponderant compliance impairment. 

Crepaz (11), testing the hemodynamic response at 
various A V intervals in pts without organic heart dis
ease, found little change in cardiac output. In contrast, 
in pts with left ventricular hypertrophy the optimal 
A V interval was identified at 150 ms. 

Modena (12), in a study in seven pts with left ven
tricular hypertrophy and an abnormal left ventricular 
filling pattern, demonstrated that sequential pacing 
with an A V delay of 100 ms led to the normalization of 
the filling pattern and to the recovery of diastolic func
tion. 

Recently, a new way of pacing the right ventricle 
has been proposed. Instead of being placed at the ven
tricular apex, the tip of the catheter is fixed near to the 
pulmonary outflow tract. In this way it is possible to 
avoid or reduce the hemodynamic effects of altered 
contractility owing to right ventricular apex pacing 
(13). 

Karpavich (14) evaluated the hemodynamic para
meters in 17 pts with normal left ventricular function 
during sinus rhythm, AAI atrial pacing, and apical and 
septal ventricular stimulation. The hemodynamic data 
obtained during septal pacing are similar to those ob
tained during sinus rhythm and atrial pacing and sig
nificantly better than those at apical pacing. This note
worthy innovation seems to be mostly indicated in pts 
undergoing dual-chamber pacing when intraventricu
lar conduction is normal. 

First-Degree A V Block: Indication for Pacing 

A delayed atrial emptying into the ventricle due to a 
functional obstacle, as occurs in hypertrophic or hypo
kinetic-dilated cardiomyopathy, leads to a prolonga
tion of the pulmonary veins emptying time and atrial 
filling time. In pts with first-degree A V block, the 
longer the PR interval (and the shorter the RR inter
val), the earlier atrial systole is within diastole. In this 
setting atrial systole occurs before atrial filling is com
pleted. As a result, the atrial systole contribution to 
ventricular filling is reduced and cardiac output is re
duced as well. When the PR interval is extremely pro
longed, atrial systole may occur when the mitral valve 
is still partially or completely closed. This leads to an 
increase in pulmonary venous pressure. Some authors 
(1,15) reported that cardiac output can be reduced at 
PR intervals longer than 300 ms even in pts without or
ganic heart disease if the PR interval does not shorten 
with heart rate increase. 

The first indication for permanent cardiac pacing 
is when pts with first-degree A V block complain of ef
fort dyspnea or fatigue. Effort symptoms are often un-
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derestimated by pts, who spontaneously reduce their 
physical activity as long as the functional impairment 
worsens. Pts with prolonged first-degree A V block 
should be evaluated with functional tests in order to 
assess exercise tolerance and PR interval behavior dur
ing heart rate increase. 

Dual-chamber pacing can be recommended with 
the ventricular lead placed at the septal site in pts with 
an abnormal response to these tests, when the intra
ventricular conduction pattern is normal. In our pre
liminary experience with septal pacing in pts with first
degree A V block, echo-Doppler data are significantly 
better, as regards systodiastolic function, than those 
for apical pacing. 

The presence of first-degree A V block in pts with 
heart failure and hypertrophic or dilated cardiomyopa
thy may be considered an indication for permanent 
dual-chamber pacing. In these cases the RR interval 
shortening due to heart failure-induced tachycardia 
makes the relationship between filling time and atrial 
contraction (both occurring in early diastole) extreme
ly critical (16). If atrial systole is shifted to telediastole 
through A V interval shortening by dual-chamber pac
ing, more complete atrial filling and an increased atrial 
contribution to ventricular filling are possible. When 
mitral and/or tricuspidal regurgitation are present, the 
ventricular filling time is even shorter, mainly because 
of a long A V delay. 

In some cases of severe cardiac failure, diastolic 
mitral regurgitation has been detected (17,18). Se
quential pacing with a short A V delay (100 ms) re
duces the diastolic regurgitation time. This is one of 
the possible mechanisms that can explain the improve
ment reported by Brecker and Hochleitner (3,19). 

The improvement of diastolic function obtained by 
A V interval shortening led to hemodynamic improve
ment also in pts with non obstructive hypertrophic car
diomyopathy (20,21). In the cases reported by Cannon 
(4), functional and symptomatic improvement was 
demonstrated by the increase of exercise time and the 
reduction of wedge pressure and effort ischemia. 

Several studies in the literature (19-22) have been 
published with data suggesting favorable results of 
pacing therapy in cardiac failure due to various heart 
diseases, mostly as regards the improvement in quality 
of life. In presence of first-degree A V block, cardiac 
pacing is indicated when diastolic function assessment 
suggests normal atrial contractility, abnormal atrial 
and ventricular filling patterns, and abnormal timing 
within diastole of atrial and ventricular filling. 

Conclusions 

The observations on the relationship between pro
longed A V interval in first-degree A V block and atri
al and ventricular systole synchronization clearly show 
a relevant hemodynamic correlation within diastolic 
timing. In symptomatic pts with first-degree A V 
block, regardless of the presence of organic heart dis
ease, sequential A V pacing is indicated and induces 
marked hemodynamic benefits, leading to an im
provement in symptoms, hemodynamic balance, and 
quality of life. 
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Introduction 

Congestive heart failure is one of the leading causes of 
morbidity and mortality in the western world. Therapy 
has been directed toward lowering preload, reducing 
afterload, improving contractility, and interfering with 
the detrimental neurohumoral mechanism activated in 
heart failure. Despite considerable improvement in the 
pharmacologic treatment of severe left ventricular dys
function, the problem of treating drug-resistant, end
stage heart failure remains. In 1990 Hochleitner (1) in
troduced the use of physiologic dual-chamber (DDD) 
pacing with a shortened atrioventricular (A V) delay as 
an alternative, new approach in the treatment of pa
tients with dilated cardiomyopathy and severe heart 
failure unresponsive to optimal medical therapy. The 
author demonstrated that left ventricular function and 
clinical symptoms improved considerably after stimu
lation. These results have been only partially con
firmed (2-4), probably because they were derived from 
observational studies in a small, nonhomogeneous 
group of patients. The beneficial effects of this "elec
trical" therapy were explained by different hemody
namic mechanisms. Some authors considered the re
duction of ventriculoatrial regurgitation obtained by 
shortening of A V delay to be the determining factor; 
others pointed out the modification of preload or the 
optimization of mechanical A V synchrony. 

We have analyzed the main published studies, fo
cusing our attention on the most important hemody
namic effects and clinical results obtained by DDD 
pacing with short A V delay in patients with severe 
heart failure. 

Revision of literature 

In 1990 Hochleitner studied a group of 16 critically 
ill patients with chronic heart failure due to idiopathic 
dilated cardiomyopathy. Drug therapy had ceased to 
maintain adequate cardiac function in each. Physiologic 
dual-chamber pacemakers were implanted, the pro
grammed A V interval was 100 ms and the minimal and 
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maximal rate were, respectively, 50 and 150 beats/min 
so that all patients had a ventricular paced rhythm 
guided by spontaneous sinus beats. During pacing car
diac function improved considerably. The characteristic 
clinical symptoms such as severe dyspnea at rest and 
pulmonary edema almost disappeared. The author ob
served a considerable increase in left ventricular ejec
tion fraction and a significant decrease in New York 
Heart Association (NYHA) functional class evaluated 
1 week before and 14 days after pacemaker implanta
tion. During pacing, heart rate normalized and, in addi
tion, systolic blood pressure increased significantly. The 
cardiothoracic ratio decreased from 0.60 ± 0.06 to 0.56 
± 0.05 (p < 0.001) and echocardiographic dimensions of 
both systolic and diastolic diameter decreased as well, 
from 62 ± 10 to 60 ± 10 mm (p < 0.05) and from 74 ± 11 
to 72 ± 10 mm (p < 0.05), respectively. In contrast, no 
changes in fractional shortening were observed. 
Doppler color flow imaging performed in six patients 
demonstrated that mitral regurgitation was reduced 
during pacing. Hochleitner concluded that the im
provement in symptoms observed was mainly due to a 
decrease in A V conduction delay (set by the pacer at 
100 ms), which decreased mitral regurgitation and also 
preserved atrial systole, but this is only a speculative 
opinion because, in her study, there are no quantitative 
data of the degree of mitral and tricuspid regurgitation 
and there are no data on the importance of atrial con
tribution to left ventricular filling. A study by Brecker 
(5) 2 years later appeared in which mitral and tricuspid 
regurgitation and ventricular filling time during DDD 
pacing with shortened A V delay were evaluated. The 
author measured ventricular filling time and cardiac 
output with Doppler echo cardiography and exercise ca
pacity on a treadmill at baseline and with the best A V 
delay during pacing. Brecker evaluated 12 patients with 
dilated cardiomyopathy selected on the basis of 
Doppler echocardiography characteristics as having left 
ventricular or right ventricular filling time below 200 
ms due to functional mitral or tricuspid regurgitation. 
Among the whole group of 12 patients, both mitral and 
tricuspid regurgitation times were shorter at the shorter 
A V interval; consequently, both left ventricular and 



right ventricular filling times were longer [mitral regur
gitation time (MRT) at baseline A V interval: mean 420 
± 60 ms, MRT at the shortest AV interval: mean 335 ± 
40 ms, p < 0.001; left ventricular filling time at baseline 
A V interval: mean 185 ± 90 ms; left ventricular filling 
time at the shortest A V interval: mean 225 ± 65 ms, p < 
0.001). At the short A V interval, cardiac output was 
significantly greater than at baseline. The improve
ments in ventricular filling characteristics were associ
ated with striking changes in exercise duration, maxi
mum oxygen consumption, and perceived degree of 
breathlessness at peak exercise; there was a change in 
the nature of the symptom that limited exercise, from 
breathlessness to leg fatigue. 

Brecker reported that it is possible to identify a 
subset of patients with severe ventricular disease in 
whom very short left ventricular and right ventricular 
filling times may limit stroke volume and who may 
benefit from short AV delay DDD pacing. According 
to the author if a short filling time on the right or left 
side of the heart, or both, is imposed on a severely dis
eased ventricle by extended functional A V regurgita
tion, correction of the abnormality might improve ex
ercise tolerance. In all patients of this study, Brecker 
was able to eliminate the presystolic component as 
well as shortening the regurgitation itself with a short 
A V delay. In some cases, the time available for for
ward flow doubled and there were striking increases in 
stroke volume and cardiac output. Brecker concluded 
that the identification of individuals likely to benefit 
from this approach is important. Suitable patients have 
sinus tachycardia, jugular venous "A" wave, summa
tion gallop, and functional mitral or tricuspid regurgi
tation. A long PR interval, presystolic regurgitation, 
and a single right or left ventricular filling pattern on 
Doppler echocardiography confirms suitability. 

Recently, Nishimura (4) presented the results of 
an acute hemodynamic study in patients with acute, 
severe heart failure undergoing temporary DDD pac
ing at different A V intervals to determine: (a) the 
mechanisms by which DDD pacing may improve he
modynamic variables in such patients, and (b) 
whether all patients with severe left ventricular sys
tolic dysfunction improve. The author measured left 
atrial pressure and the left ventricular pressure by 
transeptal cardiac catheterization, using a thermodilu
tion balloon-tipped catheter to measure the cardiac 
output and the pulmonary artery pressure and a pig
tail catheter placed in the ascending aorta to measure 
the systemic pressures. Continuous wave Doppler 
measurement of the mitral regurgitation signal was 
performed to determine the presence or absence of di
astolic mitral regurgitation. Nishimura did not find 
any significant change in the mean left atrial pressure 
or cardiac output between the baseline state and A V 
sequential pacing at the shortest A V interval of 60 ms. 
He found a significant increase in the time constant of 
relaxation (tau) when the baseline state was compared 
with DDD pacing at an AV interval of 60 ms (64 ± 17 
vs 73 ± 19 ms, p<O.Ol). The variables were then exam
ined at the various A V intervals (60,100,120,140,180, 
and 240 ms) and no significant differences in mean left 
atrial pressure were found. There was a consistent in
crease in tau in all pacing modes compared with that 
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at the baseline state. There was no significant differ
ence in average cardiac output between the baseline 
state and the DDD pacing modes. However, the au
thor found a wide variation in the cardiac output; 
some patients had a decrease and others an increase 
in this variable at different A V intervals. The patients 
were retrospectively classified into two groups on the 
basis of baseline PR interval (group 1, PR > 200 ms; 
group 2, PR < 200 ms). The optimal AV pacing inter
val in group 1 was selected as the interval when the in
crease in left ventricular pressure from left ventricular 
contraction began, after the peak of the increase in 
left ventricular pressure from atrial contraction but 
before atrial relaxation was complete. A V sequential 
pacing at this optimal A V interval lengthened the di
astolic filling period. The optimal A V interval was 60 
ms in one patient, 100 ms in three, 120 ms in two, and 
180 ms in one. Pacing at the optimal A V interval pro
duced a significant increase in left ventricular pressure 
just before ventricular contraction. Diastolic mitral re
gurgitation, present in the baseline state in five pa
tients, was abolished and mean cardiac output was sig
nificantly increased during the optimal A V delay se
quential pacing. Nishimura, in contrast to Brecker, 
found that pacing at too short an A V interval resulted 
in a decrease in cardiac output in the five group 1 pa
tients. In group 2, there was no change from the base
line state in cardiac output at the different A V inter
vals of> 60 ms. For the A V interval of 60 ms, cardiac 
output decreased significantly (from 4.2 ± 1.8 to 3.4 ± 
1.3 l/min, p<O.Ol) compared with the baseline state. 
There was no change in the diastolic filling period be
tween the baseline state and any of the pacing states. 
Nishimura was the first to combine catheterization 
and Doppler methods to investigate the physiologic 
mechanisms by which DDD pacing may improve he
modynamic variables and to attempt to identify pa
tients who would potentially receive the greatest ben
efit. According to the author, DDD pacing may im
prove hemodynamic variables in selected patients 
with dilated cardiomyopathy who have a prolonged 
PR interval, mainly by optimizing the timing of me
chanical atrial and ventricular synchrony; the A V in
terval required to achieve this optimal A V synchrony 
varies from patient to patient and no universal A V in
terval can be used for all patients who receive a DDD 
pacemaker for hemodynamic purposes. Patients in 
whom there is already optimally timed mechanical 
atrial and ventricular synchrony may not benefit from 
sequential pacing; on the contrary, they may even ex
perience hemodynamic deterioration. 

Our experience 

In our 2-year observational study, we had different 
conclusions than Nishimura. We implanted in 12 criti
cally ill patients with end-stage heart failure a DDD 
pacemaker programmed as reported by Hochleitner 
(A V interval: 100 ms; lower rate: 50 beats/min; upper 
rate 150 beats/min). In our study group the mean PR 
baseline interval was 200 ms, and five patients (41 %) 
had a PR interval :S 200 ms. In spite of this we ob
served during pacing a significant decrease in NYHA 
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Fig. 1. Effect of 2-year electrophysiologic dual-camber pacing on 
New York Heart Association (NYHA) class in six surviving pa
tients with end-stage heart failure 

class just after the first month of follow-up and the im
provement continued until the third month and, later 
on, remained unvaried during the 2 years of observa
tion in the surviving patients (Fig. 1). Heart rate de
creased from 93.7 ± 18.1 to 82.1 ± 12.4 beats/min 
(p<0.006) in the first month of follow-up and became 
stable at these values during the follow-up. Systolic 
blood pressure increased significantly from 106.6 ± 
11.5 to 116.2 ± 11.5 mmHg (p<0.00004) 1 month after 
pacemaker implantation, and this improvement was 
important because most patients tolerated a higher 
dose of captopril than before pacemaker implanta
tion. Echocardiographic data showed a progressive re
duction in left ventricle diastolic and systolic diame
ters, but only the decrease in the systolic dimensions 
reached statistical significance (from 61.5 ± 7.5 to 60.2 
± 6.7 mm, p<0.004, in the group observed for 1 month, 
and from 59.3 ± 5.6 to 56.0 ± 5.9 mm, p<O.03, in the 
group that reached 2-year follow-up; Fig. 2). Cardiac 
output increased significantly just after the first month 
of observation and this improvement persisted during 
the 2-year follow-up (3.2 ± 1.3 vs 3.5 ± 1.2 IImin, 
p<O.01, at the first month; 3.2 ± 1.3 vs 3.7 ± 1.1 IImin, 
p<0.05, at the third month; 2.7 ± 1.0 vs 3.8 ± 1.5 IImin, 
p<0.05, at the sixth month; 2.8 ± 1.0 vs 4.0 ± 1.4 IImin, 
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Fig. 2. Longitudinal changes in echo cardiographic left ventricle sys-
tolic (-) and diastolic ( ___ ) diameter in response to 2 years of 
electrophysiologic dual-chamber pacing. Mean ± SD at various 
time points 
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Implant 1 month 3 months 6 months 12 months 24 months 

Fig. 3. Longitudinal changes in cardiac output (CO) in response to 
2 years of electrophysiologic dual-chamber pacing in survivors. 
Mean ± SD at various time points 

p<O.03, at the first year; 3.1 ± 0.6 vs 4.7 ± 1.8 IImin 
p<0.05 at the end of second year) (Fig. 3). All our pa
tients presented with mitral regurgitation before pace
maker implantation. MRT decreased immediately af
ter pacing and this reduction persisted during the fol
low-up; moreover, in two patients, mitral regurgita
tion disappeared. Left ventricular filling time in
creased consequently, but not significantly (Fig. 4). 

Ejection fraction, assessed by radio nuclide scintig
raphy, did not improve during the follow-up; on the 
contrary, the cardiothoracic ratio decreased from 0.59 
± 0.07 to 0.54 ± 0.05, p< 0.04, at I-year follow-up and 
from 0.60 ± 0.08 to 0.54 ± 0.04, p<0.05, at 2 years. 

In accordance with Nishimura, we did not observe 
any differences in improvement between the patients 
with severe heart failure due to coronary artery dis
ease and the patients with idi0pathic dilated cardiomy
opathy. Within 2 years, six patients died (50%), but 
only one as a consequence of progressive heart failure. 
We did not observe any differences in baseline clinical 
and functional data between the patients who sur
vived and those who died. 

Guardigli and colleagues who observed their 10 
patients for 2 months and Auricchio and collegues who 
observed their patients for 1 year confirmed the persis-
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Fig. 4. Longitudinal changes in mitral regurgitation time ( ___ ), left 
ventricular filling time (__.-) and heart rate (-) in response to 2 
years of electrophysiologic dual-chamber pacing in survivors. Mean 
± SD at various time points 



tence during the follow-up of the good results obtained 
in the short term. 

Hochleitner's initial study group was observed for 5 
years (6). The author did not observe reduction of car
diac function or progression of dilated cardiomyopathy 
at repeated routine, clinical control examinations (every 
6-12 months). At the end of follow-up, three patients 
were still alive; of the remaining 14 subjects, nine had 
died suddenly, one died of noncardiac causes, and four 
received donor hearts. In the three surviving patients, 
the systolic and diastolic dimensions of the left ventricle 
decreased steadily (systolic from 59 ± 5 to 47 ± 5 mm 
and diastolic 72 ± 5 to 60 ± 3 mm,p<0.001), and the car
diothoracic ratio decreased, too (from 0.62 ± 0.02 to 
0.52 ± 0.01, p<O.OO1). The left ventricular ejection frac
tion increased from 28% ± 1 % to 40% ±2%,p<0.05. 

Although these study results partially support the 
benefit of DDD pacing with short A V interval in pa
tients with severe heart failure, other reports from the 
literature completely disagree with the above-men
tioned one. 

Innes (7) studied a consecutive series of 12 pa
tients with dilated heart failure to determine the acute 
hemodynamic effect of atrial synchronous pacing with 
short nonphysiologic A V intervals. A balloon flota
tion catheter was positioned in the pulmonary artery 
for repeated measurements of cardiac output and 
wedge pressure during temporary VDD pacing. Three 
interventions were performed in random order: VDD 
pacing with an A V interval of 100 ms, VDD pacing at 
an A V interval of 60 ms, and a control period in sinus 
rhythm. Mitral valve flow and left ventricular filling 
time were assessed by Doppler echocardiography. 

Despite an increase in ventricular filling time, 
Innes showed a decline in the stroke and cardiac index
es at the shortest A V interval (60 ms), but at an A V in
terval of 100 ms, the falls in stroke and cardiac index 
were not significantly different from those in controls. 
Blood pressure was also unaltered by pacing. The au
thor did not observe a relationship between either PR 
interval or QRS duration and the hemodynamic effect 
of pacing. Mitral regurgitation was reduced in seven of 
11 patients during pacing at the shortest A V interval 
(p=NS). The patient with the most substantial fall in 
mitral regurgitation was the only one to demonstrate 
an increase in stroke index with pacing. 

In accordance with Innes other preliminary re
ports have appeared (8, 9). Feliciano (8) performed a 
randomized, double-blind, crossover trial of 12 pa
tients with severe chronic heart failure refractory to 
medical therapy and with no accepted indication for 
pacing. Following pacemaker implantation, acute he
modynamic measurements were obtained during in
trinsic sinus rhythm and during VDD pacing with a 
100-ms A V delay. The author did not observe acutely 
an improvement in hemodynamic parameters during 
pacing; indeed, pulmonary capillary wedge pressure in
creased. Patients were then randomized to 1 month of 
VDD pacing with 100 ms AV delay or maintained in 
sinus rhythm, followed by a I-month crossover period. 
Feliciano reported no differences in ejection fraction 
with chronic pacing between groups and no improve
ments in NYHA class with VDD in any patients. 
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Conclusions 

All of these reports have many limitations. First of all, 
a lot of studies that reported benefits by pacing thera
py are only observational studies with small numbers 
of patients and the mechanisms by which these good 
results were obtained have been speculative. Secondly, 
the study groups were nonhomogeneous in etiology 
and in severity of heart failure. 

Fewer studies reported there not to be benefit by 
this kind of "electrical" therapy; however, in many cas
es they were only preliminary reports and only showed 
immediate results or results derived from short-term 
follow-up. In our experience, many of these studies 
were interrupted before the benefits from treatment 
could have become evident. 

The authors who reported good results of pacing 
therapy do not agree in selection of patients: Brecker, 
like us, studied patients in whom mitral regurgitation 
was always present, so we ascribe more weight to this 
hemodynamic effect. Nishimura reported benefits in 
patients with long PR interval, and so he focused his 
attention on this electrical factor. 

However, all the authors agree to identify in modi
fication of preload, decrease of mitral regurgitation, 
optimization of the timing of mechanical atrial and 
ventricular synchrony, the main factors by which DDD 
pacing with short AV delay may improve hemodynam
ic variables. 

Prospective, randomized studies are needed to fur
ther investigate the mechanisms by which hemody
namic benefits are obtained and to study the long-term 
clinical outcome of this new therapeutic modality for 
patients with severe end-stage heart failure. 
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Introduction 

Hypertrophic cardiomyopathy (HeM) is a primary 
myocardial disease whose typical pathophysiologic fea
tures include normal systolic dynamics, impaired dias
tolic function (1-7), and, in about one fourth of pa
tients, left ventricular (LV) outflow tract obstruction 
(8-11). 

Treatment for LV outflow tract obstruction has 
for decades rested upon the surgical resection of a 
septal wedge (myotomy-myectomy) (12). This ap
proach has been shown to provide symptomatic bene
fit and improvement in prognosis, especially if associ
ated with appropriate medical therapy (10). Recently, 
a new therapeutic tool for the treatment of LV out
flow tract obstruction has drawn the attention of sev
eral investigators: sequential right atrioventricular 
(A V) pacing with short A V delay (i.e., apical pre-exci
tation) decreases the LV outflow tract gradient in pa
tients with obstructive HeM (13-17). A V pacing di
minishes the outflow gradient probably by inducing 
septal systolic asynchrony: qualitative analysis of mo
tion of the upper septum shows that contraction is de
layed and, consequently, the width of the outflow 
tract is increased, thereby reducing the outflow tract 
gradient (17). 

Acute Hemodynamic Effects 

Effects on LV Outflow Tract Obstruction 

A V pacing reduces the degree of LV outflow tract gra
dient in most patients with obstructive HeM (up to 
80%) (16). 

The efficacy of A V pacing in reducing obstruction 
depends on the A V interval: Jeanrenaud and cowork
ers have shown that apical pre-excitation is necessary 
to that effect (17). Long A V intervals are ineffective, 
whereas too short intervals may interfere with filling, 
reduce cardiac output, and ultimately increase the gra
dient through a reduction in LV volume (17): A V in
tervals of 80-100 ms lower the degree of obstruction 
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without altering the filling dynamics, as shown by the 
lack of decrease in aortic pressure both in studies of 
acute treatment with A V pacing and in studies after 
permanent pacemaker implant in atrial synchronized 
ventricular pacing mode (18,19). 

Effects on L V Systolic Function and Hemodynamics 

A V pacing minimally affects ejection fraction (20): 
the decrease in LV systolic pressure that occurs with 
A V pacing, however, should be associated with an in
crease in ejection fraction. This lack of an increase 
could then be interpreted as indirect evidence of a 
negative inotropic effect of A V pacing. In contrast, 
the reduction in the LV outflow tract gradient 
achieved by A V pacing is beneficial in that it increases 
aortic pressure and cardiac output (the latter at high 
heart rate only) (16). 

Effects on LV Diastolic Function 

It has been shown in experimental animal studies 
(21,22) and in patients with coronary artery disease 
(23,24) that asynchrony induced by A V pacing impairs 
active diastolic function (both isovolumetric relaxation 
and early filling). 
If the same was true for patients with HeM, AV pac
ing would worsen diastolic function in a category of 
patients, those with obstructive HeM, in whom it is al
ready jeopardized (1,7). We have shown that acute A V 
pacing impairs the time constant of isovolumetric re
laxation despite a decrease in LV outflow tract gradi
ent and, hence, of LV systolic pressure (20). Because 
the time constant of isovolumetric relaxation is in
versely related to afterload (25), it should be shortened 
by a reduction in LV systolic pressure. In addition, 
maximal rate of LV filling decreased, despite an in
crease in the filling pressure (20), whereas in this set
ting filling should have been faster (26). These findings 
indicate that A V pacing damages the active part of di
astole in an acute study. The elevation in the filling 
pressure, in addition, is potentially detrimental as it 
may induce symptoms of congestive heart failure. 



Chronic Effects 

Long-Term Hemodynamic Effects 

LV outflow tract gradient decreases with permanent 
stimulation in atrial synchronized ventricular pacing 
mode (16) and it keeps decreasing over time (27); in 
addition, a decrease in provocable gradient is observed 
also in patients without significant obstruction at rest. 
The decrease in LV outflow tract gradient is associated 
with a progressive decrease in LV systolic pressure and 
an increase in aortic pulse pressure. Filling pressure 
and cardiac output do not change in the long term 
(27). Interestingly, such hemodynamic changes are al
so observed when the pace maker is turned off: al
though the degree of obstruction is lower in the long 
term with dual-chamber (DDD) pacing than in sinus 
rhythm, LV outflow tract gradient in sinus rhythm is 
less in the long term than it was in the acute study (27). 
The mechanism for this finding is unclear: a pacing-in
duced "plastic remodeling" of the LV has been advo
cated. 
This hypothesis, however, has not been confirmed by 
analysis of LV anatomy: Fananapazir and coworkers 
(27) have observed a pacing-induced reduction in sep
tal thickness in about one fourth of their patients, 
while Jeanrenaud and coworkers have seen no changes 
in LV anatomy (17). 

In a subgroup of patients with angina, a reduction 
in septal ischemia has been observed by positron emis
sion tomography 3 months following pacemaker im
plant (28). This may explain the effect of DDD pacing 
on angina pectoris. 

Clinical Outcome 

DDD pacing improves functional capacity in the ma
jority of patients (16, 17,27) as shown by a significant 
decrease in the New York Heart Association function
al class. Symptomatic status is improved over the long 
term in approximately 90% of patients; angina pec
toris, dyspnea, palpitation, and pre syncope all decrease 
after DDD pacing and exhibit a further decrease in 
some patients at late follow-up (27). It is of note, how
ever, that a few patients (about 10%) do not benefit 
from chronic DDD pacing for several reasons, includ
ing persistent obstruction and accelerated A V conduc
tion (this latter precluding from pacing at long-enough 
A V intervals) (29). These data from the NIH group 
have been obtained in a large series of patients with 
drug-refractory symptoms who were treated with 
DDD pacing alone (i.e., they did not take any medica
tion after pacemaker implant). Another group has had 
less favorable results in a similar population of patients 
with obstructive HeM (30): they saw no differences in 
the incidence of angina (it decreased in about as many 
patients as it worsened or developed with DDD pac
ing), whereas the occurrence of syncope decreased sig
nificantly; in one patient, however, syncope developed 
after pacemaker implant that was not present before. 
Older patients were more apt to improve with DDD 
pacing than younger ones (30). These results occurred 
although patients had been treated with conventional 
therapy (30). 
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Unanswered Qnestions 

Mortality 

The main goals of treatment for any diseases are re
duction in mortality and improvement in quality of 
life. The efficacy of DDD pacing in lowering mortality 
(particularly sudden death, the leading cause of death 
in HeM) is still unknown: few studies have been pub
lished (most as abstracts) that include relatively small 
populations of patients followed up for too short time 
intervals. Because many patients with obstructive 
HeM are young and, if implanted, are likely to experi
ence many years of DDD pacing, studies available so 
far appear inadequate in addressing this issue. To our 
knowledge, three multicenter studies have addressed 
the issue of the long-term effects of DDD pacing in 
controlled situations, having death as one of the end
points; relative results, however, are far from being 
ready. 

Symptoms 

Although all previous studies have shown an improve
ment in New York Heart Association functional class, 
a placebo effect of pacemaker implant cannot be ruled 
out and objective evaluation of functional capacity is 
in order. A study aimed at evaluating whether DDD 
pacing has objective advantages in terms of functional 
capacity in patients with obstructive HeM has failed to 
show any changes in duration of exercise and V02max 
(31); the small number of patients and the short fol
low-up time, however, prevents any firm conclusions 
from being drawn from that study. Similarly, despite 
the observed reduction in palpitations, no controlled 
data are available on the incidence of arrhythmias in 
these patients: dispersion of LV electrical activation is 
a determinant of malignant ventricular arrhythmias in 
HeM and pacing has the potential for spreading LV 
electrical activation, therefore careful analysis of ar
rhythmias during chronic DDD pacing would be very 
helpful. 

Acute A V pacing appears to be associated with a 
negative inotropic effect. If this effect persists in the 
long term, the possibility that DDD pacing leads to LV 
dilatation should be assessed in large, long-term stud
Ies. 

Acute A V pacing impairs diastolic function. It is 
yet to be clarified whether long-term DDD pacing has 
the same unwanted effects: a negative lusitropic effect 
could be counterbalanced in the short term by the de
crease in obstruction, and it may become evident again 
in the long term. In addition, even if diastolic dysfunc
tion is detectable in the long term, as it is acutely, the 
impact of such dysfunction on symptoms and possibly 
survival will warrant further investigation. 

A practical point that has to be defined is the ne
cessity for medical treatment after pacemaker implant. 
The NIH group suggests no medical therapy, unless it 
is indicated to prolong the A V interval and, therefore, 
allow longer, paced A V delay. A role for calcium an
tagonists and B-blockers as an adjunct therapy to re
duce LV outflow tract obstruction and improve dias
tolic function is yet to be established. 
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Introduction 

In patients with episodic or recurrent supraventricular 
arrhythmias (atrial fibrillation or flutter) dual-chamber 
pacemaker (DDDIDDDR) implantation might be re
jected because of the possibility of irregular and rapid 
ventricular rhythm. Moreover, it has to be taken into 
consideration that in about 10%-15% of patients with 
dual-chamber pulse generators, episodes of supraven
tricular tachyarrhythmia may occur because of the atri
al competition between spontaneous and electrical 
atrial rhythm. 

Automatic mode switching (AMS) is a new func
tion in DDD pacemakers to manage atrial arrhythmias 
by changing the pacing modality from atrial synchro
nous to a nontracking mode (DVI - DDIIDDIR -
VVINVIR pacing modes according to the design or 
programmability) and stopping the atrial synchroniza
tion (1-4). It allows the use of the dual-chamber pace
maker to be extended to circumstances (i.e., bradycar
dia-tachycardia syndrome) that would previously not 
have been possible. Symptoms due to irregular and 
rapid ventricular rhythm and frequent, time-consum
ing pacemaker reprogramming can be avoided and pa
tients should have the benefits of physiologic pacing as 
long as possible because the pacemaker reverts back to 
the previous pacing mode when the sinus rhythm is re
stored. 

With conventional pulse generators the strategies 
to avoid tracking of rapid atrial rates during supraven
tricular tachyarrhythmias should consist in the selec
tion of nontracking pacing modes (DVI, DDIIDDIR, 
VVIIVVIR) or in the programming of a low upper rate 
limit that permits the ventricular rate acceleration on 
sinus rhythm, i.e., during exercise, and limits the ven
tricular rate during atrial tachycardias. However, this 
variety of modes or responses is unsatisfactory because 
they often compromise the optimal pacemaker func
tion and waste energy or cause arrhythmogenicity (5). 

For the correct operation of AMS some problems 
have to be considered: 
- Detection of atrial arrhythmias that must be constant 
and reliable 
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- Distinction of pathological atrial rhythm from sinus 
tachycardia 
- Number of rapid atrial beats to be sensed for tachy
cardia identification before AMS 
- Value of ventricular pacing rate during AMS 
- Time for the ventricular rate to decline toward the 
lower rate. 

The capability of the pacemaker to correctly detect 
the presence of atrial arrhythmias and to distinguish si
nus tachycardia from supraventricular tachyarrhythmia 
is imperative for this function. The algorithms for atrial 
tachycardia detection used in the majority of pacemak
ers are based on the analysis of cardiac rhythm and its 
characteristics; pathological tachycardia is recognized 
when spontaneous cardiac events are faster than the pro
grammed value of upper rate and are stable for the pre
determined number of atrial events. These high rate
based criteria for tachycardia detection are very sensitive 
but not very specific because a sinus tachycardia with 
sudden onset, e.g., for exercises or intense emotions, or a 
sinus tachycardia at rest in heart failure may also be 
identified as pathological tachycardia and inappropriate
ly activate the AMS. Moreover, the pacemaker sensing 
level must be programmed to constantly detect patho
logical endocardial A waves, considering that the ampli
tude of atrial events may significantly decrease during 
supraventricular tachyarrhythmias and render ineffec
tive the detection of pathological rhythm even if the 
pacemaker detection setting is at the highest available. 

For these instances different algorithms for the 
correct detection of atrial tachyarrhythmias have been 
implemented in some new pacemakers. The Elamed
ical Chorus II DDD pacemaker for tachycardia recog
nition utilizes a special algorithm based on the assump
tion that the onset of physiologic sinus tachycardia is 
usually gradual, whereas that of pathological tachycar
dia occurs suddenly. This algorithm analyzes the atrial 
acceleration thanks to a detection window, the window 
of atrial rate acceleration detection (WARAD), that is 
the interval after the last spontaneous sinus P wave 
where a sensed atrial event will be recognized as an 
atrial premature complex and corresponds to 75% of 
the average of the last eight sinus beats. 



The Vitatron Diamond DDDR pacemaker ana
lyzes beat-to-beat the sensed atrial rate to form a 
"physiologic band" that is set to 15 ppm above or be
low the physiologic rate. An atrial tachyarrhythmia is 
diagnosed if the atrial rate exceeds the upper limit of 
the physiologic band in a pathological manner, result
ing in automatic switching of pacing mode to 
DDIIVVI if the pacemaker was programmed in 
DDDIVDD modes or to DDIRIVVIR if in 
DDDRIVDDR. The pacemaker switches back to the 
previous programmed mode when the sensed atrial 
rate decreases below the upper rate limit of physiolog
ic band. Because atrial sense interpretation works on a 
beat-by-beat basis, single atrial ectopic beats may also 
be classified as pathological so that the pacemaker can 
immediately adapt its behavior, resulting in frequent 
inappropriate changes of pacing mode in cases of fre
quent atrial ectopic beats. 

The Medtronic Thera DDD/DDDR pacemaker 
uses the patient's atrial electrogram to determine the 
presence or the absence of atrial tachycardia. Because 
P wave amplitude may change in supraventricular 
tachyarrhythmias, an amplifier with high sensitivity, 
wide frequency response and suitable timing windows 
is included and special circuit designs are used to re
duce the possibility of detecting myopotentials or oth
er interfering signals. The algorithm employed in this 
device for tachyarrhythmia detection is the mean atrial 
rate (MAR) or its inverse mean atrial interval (MAl). 
The Thera pacemaker monitors and measures each 
atrial cycle length and adjusts MAl, reducing it by 23 
ms if the detected and measured P-P interval is less 
than the MAl and, conversevely, increasing it by 8 ms 
if the P-P interval is greater than the MAL In this way 
the time for the detection of supraventricular tach
yarrhythmia is slightly prolonged (about 10 s) in order 
to confirm the presence of tachycardia and to avoid 
the recognition of frequent atrial extrasystoles as 
tachycardia. 

The pacemaker recognizes supraventricular tachy
cardia as occurring when the MAR reaches the "tachy 
detection rate" of 180 ppm. Upon detection the pace
maker automatically switches to nonatrial tracking 
mode (DDIIDDIR, VVIIVVIR according to the pro
gramming) and the ventricles are paced at the pro
grammed lower rate if the pacemaker was in DDD 
mode or at the sensor-indicated rate if in DDDR 
mode. It switches back to DDD or DDDR modes after 
either five consecutive atrial paced beats or a substan
tiallowering of the detected atrial rare below the pro
grammed maximum tracking rate. Either marks the 
termination of the atrial tachyarrhythmia. 

Recently, sensors used to modulate the rate of an
tibradycardia pacemakers have been applied to tachy
cardia recognition so that an atrial rate higher than the 
programmed upper rate in the absence of body motion 
and of sensor activity is recognized as being pathologi
cal and not sinus tachycardia (6). 

The Swing DRI (Sorin Biomedica), a dual-cham
ber, rate-responsive pacer, uses a gravitational ac
celerometer sensor for rate adaption and even utilizes 
the sensor's data to distinguish pathological from sinus 
tachycardia. Pathological tachycardia is recognized 
when the spontaneous atrial rhythm is higher than the 

148 

programmed upper rate and the sensor calculated rate 
is equal to or lower than the "confirmation rate" (= 
basic rate + 20 ppm), indicating the absence of sensor 
activity (7). 

The Intermedics Relay, a dual-chamber, rate-mod
ulated pacemaker sensitive to acceleration forces, uti
lizes the activity sensor for the arrhythmia detection 
and an algorithm called conditional ventricular track
ing limit (CVTL) to limit the ventricular pacing rate in 
the presence of supraventricular tachyarrhythmia. The 
pacemaker recognizes supraventricular tachycardia as 
occurring when the sensed atrial rate exceeds the pro
grammed maximum rate and the sensor-calculated 
rate is equal to or lower than the lower rate plus 20 
ppm, indicating the absence of patient activity. In this 
situation the ventricular pacing rate becomes limited in 
a Wenckebach fashion to a CVTL rate, a value of 35 
ppm above the programmed lower rate, without 
changing the pacing mode. 

If the sensor-calculated rate exceeds the pro
grammed lower rate by 20 ppm or more, indicating the 
presence of patient activity, the CVLT will be disre
garded and 1:1 atrioventricular (A V) synchrony occurs 
up to the programmed upper rate. For sensed atrial 
rates exceeding the upper rate, the ventricular pacing 
rate is limited by a Wenckebach mechanism. 

The Telectronics Meta DDDR 1250 model utilizes 
the information coming from the minute ventilation 
sensor to influence the postventricular atrial refractory 
period (PV ARP), the duration of which is progressive
ly reduced on the basis of the measurement of the 
transthoracic impedance correlate to minute ventila
tion variations. The pacemaker detects and monitors 
atrial events that are judged to be nonphysiologic 
when they fall into a PV ARP immediately after a non
programmable 100-ms absolute refractory period. In 
this instance the AMS switches to VVIR when the 
pacemaker is programmed to DDDR, DDIR, or VD
DR or to VVI mode, when programmed to non-rate
responsive mode (8). In practice a retrograde A wave 
or isolated premature atrial complexes can induce 
AMS. For this reason in the new version of the Meta 
DDDR device (Model 1254) the number of sensed 
atrial events for tachycardia detection are programma
ble from 5 to 11 and the atrial rate must be higher than 
150, 175, or 200 ppm (programmable parameter) be
fore the mode is switched. 

Limitations of these sensor-derived criteria con
cern the inappropriate and nonphysiologic activation 
of AMS in case of sinus tachycardia arising at rest or 
persisting for long enough at the end of exercise and 
the nondetection of pathological tachycardias arising 
during physical activity. 

For the correct activation of AMS it is important 
that the number of rapid atrial beats required for the 
arrhythmia identification is programmable and higher 
than one and that the intervals between the consecu
tive spontaneous atrial events are stable or lower than 
the programmed value of stability. These features of
fer the advantage of being able to confirm pathological 
tachycardias and to avoid the inappropriate and fre
quent activations of AMS in case of single or frequent 
atrial ectopic beats. 

In the CPI Vigor DR mode switching may be pro-



grammed to take place between 10 and 2000 atrial cy
cles after the initial detection in order to obtain the 
tachycardia confirmation; during this time a Wencke
bach mechanism may occur to permit a smooth transi
tion to the lower-rate ventricular pacing, so minimizing 
hemodynamic disturbances. After eight atrial events 
occurring below the upper rate limit the pacemaker 
automatically switches back to DDDIDDDR pacing 
mode, synchronizing A V activity. 

In the Elamedical Chorus II DDD Pacemaker 
AMS to the VDI mode occurs after 30 s of tachycardia 
analysis, during which the pulse generator may exhibit 
a 2:1 Wenckebach response. 

The value of the ventricular pacing rate during 
AMS and the time for the ventricular pacing rate to 
decline toward the lower rate are also important to 
avoid an inadequate ventricular pacing rate, a sudden 
drop in the ventricular rate, and hemodynamic distur
bances. These problems may be minimized or elimi
nated by appropriately programming the ventricular 
pacing rate, which should be different from the basic 
lower rate, and by using the rate smoothing or the fall
back behavior to achieve a gradual decrease of the 
pacing rate during AMS. 

In the sensor-modulated DDD pacemakers the 
AMS is to VVIR so that the pacing rate is controlled 
by the sensor activity at all times; in this way the he
modynamic benefits continue to be maintained during 
supraventricular tachyarrhythmias arising during phys
ical activity or emotional stress, circumstances in which 
a ventricular rate higher than the programmed lower 
rate is needed. 

At the end information about the occurrence of 
atrial tachyarrhythmias for retrospective diagnosis and 
telemetric ECG for the interpretation of pacemaker 
function is necessary. 

DDD pacing may be considered appropriate in the 
majority of patients; however, in patients with parox
ysmal or intermittent A V block, carotid sinus syn
drome, or sick sinus syndrome without overt A V 
block, DDD pacing may be responsible for two ad
verse effects: high current drain due to frequent un
necessary ventricular pacing and alteration of ven
tricular function due to the de synchronization of 
ventricular contraction. In fact, during DVI and VVI 
compared with AAI pacing mode at the same pacing 
rate a higher myocardial oxygen consumption and 
many adverse hemodynamic effects, such as prolon
gation of the time constant of relaxation, fall in the 
lengthening speed and ventricular filling, have been 
demonstrated (9). 

For this instance the ideal pacemaker would func
tion in AAI mode in the presence of normal AV con
duction and switch automatically to DDD mode when
ever an A V block occurs or the A-V interval exceeds a 
programmable value. When the A V block disappears 
or the A V interval reverts to a shorter value, the pace
maker would automatically switch back to AAI mode, 
thereby reducing battery drain and optimizing left ven
tricular function because of normal ventricular activa
tion. 

The Elamedical Chorus II DDD pacemaker fulfills 
these criteria by a special algorithm. In presence of in
tact A V conduction the pacemaker initiates an atrial 
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postatrial refractory period equal to 75% of the sinus 
cycle length to avoid the effects of atrial extra systoles 
and a ventricular surveillance period equal to the aver
age of the eight preceding spontaneous PR intervals 
plus an extension of 47 ms in order to detect the occur
rence of a spontaneous ventricular depolarization. The 
device functions in DDD mode if a spontaneous ven
tricular depolarization does not occur at the end of the 
ventricular surveillance period and automatically re
sumes the AAI mode if the pacemaker detects, during 
16 consecutive cycles, spontaneous R waves synchro
nous with atrial activity. 

In conclusion, AMS is indicated in patients who 
have or could have recurrent paroxysmal atrial tach
yarrhythmias; these are mainly patients with bradycar
dia-tachycardia syndrome, the form of sick sinus syn
drome in which atrial tachyarrhythmias are common, 
patients with recurrent, drug-refractory atrial 
flutter/fibrillation episodes with iatrogenic complete 
A V block after His bundle ablation (10), and in pa
tients with spontaneous A V block and recurrent, drug
refractory paroxysmal supraventricular tachyarrhyth
mias. 

In fact, in these clinical scenarios the DDD pace
maker has traditionally constituted a limitation or a 
contraindication to avoid atrial tracking and corre
spondingly rapid ventricular pacing rate during atrial 
tachycardia. AMS is an intelligent solution to avoid 
frequent and time-consuming reprogramming of the 
pacing modalities in case of their appearance and to al
low patients to have the benefits of physiologic 
DDDIDDDR pacing as long as possible because the 
pacemaker reverts back to the previous pacing mode 
when the sinus rhythm is restored. 

It may be expected that all models of DDD/ 
DDDR pacemakers will include this feature but im
provements in the detection algorithms for the correct 
diagnosis of pathological tachycardias and additional 
therapeutic approaches (antitachycardia pacing, atrial 
defibrillation) are expected. 

References 

1. Ilvento J, Fee JA, Shewmaker AA (1990) Automatic mode 
switching from DOOR to VVIR. A management algorithm for 
atrial arrhythmias in patients with dual chamber pacemakers. 
PACE 13: 1199 

2. Mond HG, Barold SS (1993) Dual chamber, rate adaptive pac
ing in patients with paroxysmal supraventricular tachyarrhyth
mias: protective measures for rate control. PACE 16: 2168 

3. Sweesy M, Batey R, Forney R et al (1991) Automatic mode 
change in a DOOR pacemaker for supraventricular tach
yarrhythmias. PACE 14: 737 

4. Barold SS: (1991) Automatic switching of pacing mode. Car
diostimolazione 9: 121 

5. Barold SS, Mond HA (1993) Optimal antibradycardia pacing in 
patients with paroxysmal supraventricular tachyarrhythmias: 
role of fallback and automatic mode switching mechanism. In: 
Barold SS, Mugica J (eds) New perspectives in cardiac pacing, 
vol 3. Futura, Mount Kisco, NY, p 483 

6. Lee MT, Adkins A, Woodson 0 et al (1990) A new feature for 
control of inappropriate high tracking in DOOR pacemakers. 
PACE 13: 1852 

7. Garberoglio B, Bernasconi A (1992) Evoluzione dei sensori per 
applicazioni su pacemaker R-R. Tn: Adornato E, Galassi A 
(eds) The '92 scenario on cardiac pacing. Luigi Pozzi, Rome, p 
367 



8. Lau CP, Tai YT, Fong PC et al (1992) Atrial arrhythmia man
agement with sensor controlled atrial refractory period and au
tomatic mode switching in patients with minute ventilation sens
ing dual chamber rate adaptive pacemakers. PACE 15: 1504 

9. Baller D, Wolpers HG, Zipfel J et al (1988) Comparison of the 
effects of right atrial, right ventricular apex and atrioventricular 

150 

sequential pacing on myocardial oxygen consumption and car
diac efficiency: a laboratory investigation. PACE 11: 394 

10. Van Wyhe G, Sra J, Rovang K et al (1991) Maintenance of atri
oventricular sequence after his bundle ablation for paroxysmal 
supraventricular rhythm disorders. A unique use of the fallback 
mode in dual chamber pacemakers. PACE 14: 410 



Extraction of Chronically Implanted Pacemaker Leads: 
When and How? 

M. G. Bongiorni, G. Arena, E. Soldati, G. Quirino, F. Vernazza, L. De Simone, and D. Levorato 

Servizio di Elettrostimolazione ed Elettrofisiologia, lstituto di Fisiologia Clinica, 
CNR-CREAS, Pisa, Italy 

Introduction 

The extraction of chronically implanted pacemaker 
leads is a challenging problem. Recently, the develop
ment of new extraction techniques has renewed the in
terest in this particular field. 

The wide use of implanted cardiac pacemakers is 
associated with a variety of complications; among 
these, the retention of functionless pacing leads is 
becoming relatively common, especially in patients 
who have been paced for many years. Local infec
tion of the pacing system is another possible compli
cation, while septicemia is a rare, but life-threaten
ing event. 

The management of patients with retained function
less pacing leads is still controversial; some authors have 
reported a low complication rate associated with the 
abandonment of uninfected leads (1). On the other hand, 
fatal pulmonary artery embolization has been reported 
(2), as well as a significant incidence of (often asympo
matic) venous obstruction in the presence of many leads, 
particularly if they come from opposite sides (3-5). 

In contrast, most authors agree upon the fact that 
local infection of the pacing system can cause succes
sive serious complications such as septicemia, superior 
vena cava syndrome, and venous obstruction, and it is 
associated with a high rate of reinterventions (6, 7). A 
conservative policy is often unsuccessful, and the total 
removal of leads is the most effective therapy. In the 
case of septicemia, which is doubtlessly a very danger
ous condition, an aggressive treatment is necessary to 
eradicate the infection. 

In the past, removal of chronic pacing leads has 
been performed by direct traction or by attaching 
weights via a pulley system (8, 9) and applying traction 
for several hours. The results have been discouraging 
and many complications have been reported, such as 
shock due to the invagination of the right ventricular 
wall, ventricular tachycardia, ventricular fibrillation 
(10), avulsion of a tricuspid valve leaflet (11), and 
lethal hemopericardium due to a tear in the right ven
tricular apex (12) or in the lateral right atrium wall 
(13) after too forceful a traction. 
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On the other hand, various surgical techniques 
have been efficaciously employed (14-16), but the 
associated high costs and the patients' discomfort 
have led most authors to agree upon the fact that on
ly septicemic patients should be treated by this ap
proach. 

The availability of effective and relatively safe new 
systems allowing the transvenous extraction of the 
pacemaker electrodes is changing the management of 
these patients; more recently, in fact, intravascular 
countertraction techniques using locking stylets and 
sheaths via the implant vein, or sheaths, snares, and a 
retrieval basket via the femoral vein have been investi
gated, and many papers can be found on this subject in 
the literature (17-20). 

Indications for Chronically Implanted Pacemaker 
Lead Extraction 

The risks and morbidity of the extraction procedures 
strongly affect the indications for lead removal. While 
in the past only patients with septicemia were submit
ted to lead extraction procedures, at the present time 
the indications can be referred to as mandatory, neces
sary or discretionary (21) (Table 1). 

Table 1. Indications for removal of leads 

Mandatory 

Necessary 

Indication 

Systemic infections 
Septicemia 
Endocarditis 
Myocarditis 
Recurrent fever without other explanations 
Migration of leads 

Pocket infection 
Chronic draining sinus 
Pacing system erosion 
Addition of a third lead 

Discretionary Noninfected functionless or abandoned leads 



Mandatory Conditions. These are typically life-threat
ening conditions such as septicemia, endocarditis, and 
myocarditis or the presence of a fragmented lead with 
the possibility of a migration of the lead and of ventric
ular tachyarrhythmias. 

Septicemia may result from a pocket infection, 
but it must also be suspected in the absence of exter
nal signs of infection. Despite intensive antibiotic 
therapy, septicemia persists until the pacemaker and, 
above all, the leads have been completely removed. 
Systemic infection must also be suspected in paced 
patients with a recurrent fever despite antibiotic ther
apy; if all causes of infection can be clearly excluded, 
the complete removal of the pacing system must be 
considered. 

Necessary Conditions. These can become life-threaten
ing. Examples include pocket infection, chronic drain
ing sinus, and pacing system erosion with partial expo
sure of the pacemaker and/or the leads. All the situa
tions with a chronic local infection are associated with 
a high number of reinterventions and if infected leads 
are not removed, the mortality rate can be as high as 
66% (4). It is well known that too many leads in the 
venous system can produce a fibrous reaction with 
vein obliteration and, possibly, superior vena cava syn
drome if the leads come from opposite sides; there
fore, in the presence of a lead failure and if a third lead 
or more leads are needed, the extraction of the func
tionless ones may be indicated. 

Discretionary Conditions. These include all the cases 
of noninfected functionless or abandoned leads. This is 
a controversial indication for lead removal and al
though abandoned leads do not cause any sympto
matic abnormalities for many years, we must bear in 
mind the fact that the incidence of asymptomatic 
thrombosis has been reported to be as high as 44% (5, 
22) and that removing the leads becomes more diffi
cult with time. The discretionary conditions are proba
bly influenced by other variables, such as the patient's 
age and his or her clinical condition or the implant du
ration of the leads. 

Techniques of Lead Extraction 

Lead extraction may be accomplished by traction, in
travascular countertraction, or cardiac surgery. 

Traction 

Traction may be exerted on the exteriorized portion 
of the lead (external traction) or on devices that have 
grasped the lead inside the venous system. The trac
tion force should be enough to feel the rhythmic 
movements of the lead without causing arrhythmias 
or cardiac wall invaginations. Traction methods may 
be successful with leads that have been implanted for 
only a few months. A more aggressive traction or the 
use of weights is discouraged because of possible seri
ous and life-threatening complications; moreover, the 
lead may be damaged, making further extraction 
techniques impossible. 
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Intravascular Countertraction 

Recently, new tools for extracting chronic leads have 
become available (23, 18). 

Extensive worldwide experience has been report
ed with the system provided by Cook Pacemaker Cor
poration (Leechburg, PA, USA). This system is pro
vided with locking stylets and dilator sheaths; they are 
used as a first choice when the proximal end of the 
lead is exposed (superior approach). A transvenous 
workstation with a tip-deflecting wire, a Dormier bas
ket and a loop retriever is the tool of choice in the case 
of totally intravascular leads (inferior approach). 

If the lead is exposed and free from the fibrotic tis
sue up to its insertion into the vein, the connector is re
moved using a surgical clipper and the conductor coil 
is expanded using a proper tool (coil expander) (supe
rior approach, Fig. la). After checking the lumen pa
tency with a normal stylet, the coil lumen is carefully 
sized with a proper gauge pin (Fig. 1 b). The appropri
ate pin should exactly fit in the inner coil and an iden
tical size locking stylet is chosen. 

The locking stylet is a relatively stiff wire with a loop 
handle at the proximal end and a thin wire attached to 
its tip (Fig. lc); it is inserted into the inner coil of the 
lead. When the locking stylet has reached the end of the 
lead, the loop handle is rotated in the opposite direction 
of the lead coil. The stylet tip is locked into the distal end 
of the lead. Consequently, the traction force is directly 
applied to the lead tip, avoiding coil lengthening (Fig. 
Id). This alone may result in lead extraction, but fre
quently dilator sheaths are required. The dilator sheaths 
are advanced in order to overcome and disrupt the ad
herences to the vascular wall and to perform the coun
tertraction, avoiding cardiac invagination. 

In order to prevent complications due to tears in the 
venous system, it is very important to maintain the tension 
on the locking stylet while advancing the sheaths (Fig. 2a). 

The inner sheath, which is more flexible, is ad
vanced following the curvature of the lead in the ve
nous system, and the outer sheath is advanced over the 
inner one to the myocardium, where it counters the 
traction applied to the locked stylet. Without the 
sheath, the traction could cause cardiac invagination 
with possible life-threatening complications (Fig. 2b). 

In the case of intravascular leads, a 16-F sheath is 
introduced via the femoral vein as a workstation in 
which the tip-deflecting wire guide, the loop retriever, 
and the basket are successively inserted. The tip de
flecting wire, externally maneuvered by a handle tool 
(Fig. 3a) or the loop retriever, is used to engage the 
lead (Fig. 3b, c); the Dormier basket is then closed 
over the lead allowing a firm traction. Countertraction 
is possible by advancing the long outer sheath. 

In some cases, various tools are necessary in a com
bined approach for the complete removal of the lead. 

Cardiac Surgery 

The surgical approach may be reserved for mandatory 
conditions in which countertraction techniques have 
failed. However, some leads can only be removed via 
thoracotomy or median sternotomy because they cannot 
be reached by transvenous tools. Examples include in-



Fig.la·d. Tools for the superior approach. a After having removed the connector, the coil is expanded. b The coil lumen is carefully sized with 
gauge pins. c The locking stylet is inserted. d After locking the stylet tip at the end of the lead, the traction force exerted by the loop handle is 
transmitted to the tip of the lead 

Fig. 2. a The inner and outer sheaths are advanced over the lead to overcome and disrupt adherences. b The outer sheath is advanced up to the 
wall in order to counter the traction applied to the locked stylet (countertraction) 

fected lead segments impacted within the heart. Cardiac 
surgery is also indicated when vegetations are present on 
the tricuspid valve and/or attached to a pacing lead 
(demonstrated by transesophageal echocardiography) 
because of the high risks of septic pulmonary embolism. 

A limited surgical approach, different from con
ventional approaches, must be mentioned (14). This 
approach eliminates the more extensive thoracotomy 
and median sternotomy. The procedure consists in re
secting the right third or fourth costal cartilage, open
ing the pericardium, and placing an atrial purse-string 
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suture. Through an atriotomy incision, the lead is ex
tracted, combining, if necessary, the countertraction 
technique. This approach is particularly indicated for 
patients whose veins are not usable. 

Clinical Experience with Transvenous Techniques 

USA Database 

In the USA, a lead extraction database was established 



Fig. 3a-c. Tools for the inferior approach. a Handle tool to maneu
ver the tip deflecting wire guide. b Loop retriever. c The lead is en
gaged by the deflected tip and put into the basket 

to allow the analysis of outcomes for intravascular lead 
extraction techniques. From December 1988 to April 
1994, the extraction of 2195 intravascular pacing leads 
from 1299 patients was attempted at 193 centers. The 
indications were the following: infection (54%, includ
ing 10% septicemia), pacemaker reoperation with re
moval of nonfunctional or incompatible leads (40%), 
and other causes (6%). Extraction was attempted via 
the implant vein using locking stylets and dilator 
sheaths or via the femoral vein using snares, retrieval 
baskets, and sheaths, or via both approaches. Leads 
had been implanted for 0.2 months to 24 years (mean, 
56 months). At the conclusion of the intravascular pro
cedure, 86.8% of the leads were completely removed, 
7.5% were partially removed, and 5.7% were not re
moved. Scar tissue increased in severity with implant 
duration, was a complicating factor, and was the main 
cause of failure to remove leads. Fatal and near fatal 
complications occurred in 2.5%, including eight (0.6%) 
deaths (three hemopericardium/tamponade, one hemo
thorax, three pulmonary embolus, and one stroke) (24). 

Personal Data 

From December 1989 to May 1995, we managed a to
tal of 136 patients (88 men and 48 women) with a 
mean age of 68.51 years (range, 17-88 years), with indi
cations for the extraction of 200 pacing leads (136 ven
tricular and 64 atrial leads) that had been implanted 
for a mean period of 63.2 months (range, 1-276 
months). The patients were referred to us from many 
Italian cardiac pacing centers. The characteristics of 
the patients and the leads are shown in Table 2. 

The population was divided in to three groups ac-

Table 2. Characteristics of patients and leads 

Age (years) 

Patients Men Women Mean Range Leads 
(n) (n) (n) (n) 

Septicemia 56 35 21 69.42 32-38 89 
Local infection 48 32 16 68.19 17-88 73 
Prophylaxis 32 21 11 67.38 48-80 38 

Total 136 88 48 68.51 17-88 200 
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cording to the indications for the lead removal: (1) the 
septicemia group (SO); (2) the local infection group 
(LIO); and (3) the prophylaxis group (PO). 

Septicemia Group. A total of 56 patients (35 men, 21 
women; mean age, 69.24 years; range, 32-88 years) 
showed clinical and laboratory findings of septicemia. 
In this group, 89 leads had to be removed (61 ventricu
lar and 28 atrial leads; 77 with passive and 12 with ac
tive fixation mechanism). They had been implanted for 
a mean period of 63.24 months (range, 1-245 months). 

Local Infection Group. A total of 48 patients (32 men, 
16 women; mean age, 68.19 years; range, 17-88 years) 
were referred to us because of pocket infection and/or 
skin erosion and/or chronic draining sinus. Most of 
these patients had previously undergone unsuccessful 
conservative procedures at the referring center. In this 
group, 73 leads (49 ventricular and 24 atrial; 69 with 
passive and 14 with active fixation mechanism) that 
had been implanted for a mean period of 63.52 months 
(range, 5-252 months) were considered for removal. 

Prophylaxis Group. In 32 patients (21 men, 11 women; 
mean age, 67.38 years; range, 48-80 years) 38 nonin
fected leads (26 ventricular and 12 atrial leads; 33 with 
passive and five with active fixation mechanism) that 
had been implanted for a mean period of 63.1 months 
(range, 1-276 months) had to be removed. The indica
tions were high pacing threshold (nine leads), sensing 
failure (two leads), both pacing and sensing failure 
(eight leads), intravascular leads (four leads), fracture 
(six leads), insulation failure (three leads), diaphrag
matic contractions (one lead), lead tip dislodgment 
(three leads), and implant on the opposite side due to 
mastectomy for mammary cancer (two leads). 

Methods and Patient Management 

Before the removal procedure, the patient history was 
obtained regarding the implant, the insertion veins, 
previous complications, and treatments. The chest X
ray was examined to evaluate the lead's characteristics, 
including its integrity, and to look for adherences to 
the venous wall, cardiac structures, or among mUltiple 
leads. In the case of suspected venous obstruction, the 
patients were submitted to radioisotopic venography. 
Transthoracic and, when necessary, transesophageal 
echocardiography were used to exclude the presence 
of vegetation along the leads or on the valvular appa
ratus, which is considered to be a contraindication to 
the transvenous removal. 

Paced chamber Fixation Pacing period (months) 

Ventricle Atrium Passive Active Mean Range 
(n) (n) (n) (n) 

61 28 77 12 63.24 1-245 
49 24 69 14 63.52 5-252 
26 12 33 5 63.10 1-276 

136 64 169 31 63.20 1-276 



After an initial experience, in which all the re
moval procedures were performed in the cardiosurgi
cal room, a stepwise approach was developed (25). 
The first attempt was performed in the catheter labo
ratory; in the case of mandatory indications, if the pro
cedure failed a second and more aggressive one was 
performed in the cardiosurgical room, and the patients 
were also prepared for emergency or elective thoraco
tomy. 

The transvenous extraction procedures were per
formed under local anesthesia; external backup ven
tricular pacing, continuous electrocardiogram (ECG), 
and invasive blood pressure monitoring were always 
ensured. All the maneuvers of traction, countertrac
tion, and sheath advancement were carried out under 
fluoroscopic monitoring. Echocardiographic equip
ment to diagnose possible complications was always 
readily available, e.g., as the possibility of performing 
pericardiocentesis and blood transfusion. 

In all the procedures, we first attempted continuous 
manual traction for up to 5 min, avoiding irreversible 
damage deriving from excessive coil lengthening. If that 
proved ineffective, we performed the countertraction 
technique, with different grades of aggressiveness de
pending on the clinical indications, using the transvenous 
Cook Pacemaker Corporation (CPC) system. 

Surgical extraction was reserved for septicemic pa
tients when the manual and the countertraction tech
nique had proved unsuccessful. 

After the procedure, the patients were admitted to 
the intensive care unit for at least 24 h, under constant 
monitoring of their vital functions; blood samples, 
ECG, and echocardiogram were taken at the third and 
the 24th hour. If there were no complications, the pa
tients were discharged between the fourth and the sev
enth day (Table 3). 

In the patients with septicemia, the extraction was 
performed when fever had been absent for at least 10 
days; the new implant was generally carried out after 
48 h. Antibiotic therapy was continued for 1 week af
ter the procedure. In case of a preexisting contralateral 
pacing apparatus not responsible for the infection, the 
lead was maintained. 

Table 3. Transvenous removal procedures: patient management 

Time 

Before 

During 

After 

Management type 

Careful patient history 
Radiographic and echocardiographic evaluation of 

lead characteristics 
Patient typed for blood 

Local anesthesia 
Transvenous backup pacing 
Invasive blood pressure monitoring 
Continuous electrocardiogram (ECG) monitoring 
Fluoroscopic monitoring 
Echocardiographic monitoring 
Rapidly available: 

Defibrillator 
Pericardiocentesis 
Blood products 

Intensive care unit 
Radiographic and echocardiographic evaluation 
Follow-up 
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In patients with local infection, the new pacemak
er was generally implanted on the other site at the end 
of the procedure, and antibiotic therapy was adminis
tered until discharge. 

Results 

Our results are first presented according to the differ
ent indications to pacing leads removal, followed by 
the overall results. Transvenous removal was defined 
as not applicable when a serious lead deterioration or 
previous attempts to repair or remove the lead had 
made it impossible to apply countertraction tech
niques. 

Septicemia Group. Of 89 pacing leads, 11 leads were 
intravascular; seven of the 78 exposed pacing leads 
(7.86%) were removed by manual traction. The re
maining 71 exposed and 11 intravascular leads were 
considered for the countertraction technique, which 
was not applicable in two cases (2.25%), while it was 
successfully carried out in 66 cases (74.16%). Because 
of the mandatory indication, 16 (17.98%) electrodes 
were removed by surgery. Therefore, 100% of the 
leads were removed, 82.02 % by transvenous methods 
and 17.98% by surgical technique (Fig. 4). 

Local Infection Group. All of the 73 pacing leads were 
exposed; manual traction was successfully performed 
on five (6.85 %) electrodes. The countertraction tech
nique was not applicable in two cases (2.74%), while it 
was effective in 57 (78.08%) and ineffective in nine 
(12.33 %) pacing leads. In this group, the transvenous 
procedures could be used to remove 84.93% of the 
pacing leads (Fig. 5). 

Prophylaxis Group. Of the 38 pacing leads, manual 
traction could be used to remove eight of the 34 ex
posed pacing leads (21.05 %). The remaining 30 leads 
(26 exposed, four intravascular) were considered for 
the countertraction technique, which was not applica
ble in five cases (13.16%); 22 (57.90%) of the remain
ing 25 leads (65.79%) were extracted. Therefore, 
78.95% of the leads were extracted (Fig. 6). 

Of our entire population of 200 leads, we removed 
90.5% pacing leads in total; of these, 82.5% were re
moved by the transvenous approach (Fig. 7) and 8% 
were surgically removed. 

SEPTICEMIA GROUP 

S9LEADS 

2 LEADS (2.25%) --------so + ~ 7 LEADS (7.86%) 
Countertraction LEADS (89.89%) 

j 

not ap;;~::DS (15.73%) /co~~~~~on 66 LEADS (:::::.:actiojn 

Unsuccessful "succesSful 
countertraction countertraction 

+ + 
16 LEADS (17.98%) 73 LEADS (82.02010) 

-100%-
SURGICAL REMOVAL TRANSVENOUS REMOVAL 

Fig. 4. Results of the removal procedure (including surgical tech
nique) in the septicemia group 



LOCAL INFECTION GROUP 

73 LEADS 

2 LEADS (2.74%) --------66 + __________ 5 LEADS (6.85%) 
Countertraction LEADS (90.41 %) 

1 

not applicable co~~~~,:~:on Manual tractio1n 

9 LEADS (12.33%) /"" 57 LEADS (78.08%) 
Unsuccessful "" Successful. 

countertraction Instrumental tractIon 

+ + 
11 LEADS (15.07%) 

NOT REMOVED 

62 LEADS (84.93%) 

REMOVED 

Fig. 5. Results of the transvenous removal procedure in the local 
infection group 

PROPHYLAXIS GROUP 

38 LEADS 

5 LEADS (13.16%) ----------25 + __________ 8 LEADS (21.05%) 
Countertraction LEADS (65.79%) 

1 

not appl~c:::DS (7.89%) /co~~~::~on 22 LEADS (::.::.~actiOln 
Unsuccessful "" Successful 

countertraction countertraction 

+ + 
8 LEADS (21.05%) 

NOT REMOVED 

30 LEADS (78.95%) 

REMOVED 

Fig. 6. Results of the transvenous removal procedure in the pro
phylaxis group 

Complications. No lethal complications were observed 
during the procedures. In the septicemia group, there 
were two cardiac tamponades requiring emergency 
thoracotomy. In one case it was provoked by a tear in 
the lateral wall of the right atrium while using the 
Dormier basket to complete the removal of an in
travascular ventricular electrode after the atrial lead 
had been removed. The other case occurred after the 
removal of a ventricular pacing lead where a very 
strong traction was performed with the locking stylet, 
while countertraction with the dilator sheaths could 
not be performed because of strong venous adher
ences. 

Ventricular fibrillation was observed in one young 
patient affected by restrictive cardiomyopathy with 10-

Table 4. Complications related to transvenous procedures 

Complications Septicemia 
(n) 

Cardiac tamponade 2 
Pulmonary embolism 
Dislodgment of chronic 
pacing lead not intended 
for removal 

Hypotension 13 
Septicemia' 
Sublcavian trhombophlebitis" 
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Fig. 7. Total results of our personal experience with the transve
nous removal procedure (200 leads) 

cal infection 2 h after the end of the effective removal 
procedure; the arrhythmia was due to a pulmonary 
septic embolism, which was solved by medical therapy. 

The dislodgment of a chronic pacing lead not in
tended to be removed was observed in one patient 
from the local infection group. 

During the traction on the leads, transient hy
potension and bouts of nonsustained arrhythmias 
constantly occurred, but were promptly resolved by 
release of the traction. Hypotension requiring med
ical treatment was observed during the procedure in 
13 patients with septicemia, nine patients with local 
infection, and five patients in the prophylaxis group; 
this mostly occurred while using the dilator sheaths, 
probably due to the stimulation of vagal termina
tion. 

During follow-up, two patients suffering from 
longstanding septicemia (from 4-6 months) died in 
hospital, 1 and 7 days after the removal procedure, re
spectively, because of intractable ventricular fibrilla
tion followed by electromechanical dissociation. The 
previous morphologic examination had shown the ab
sence of cardiac lesions related to the extraction; one 
of them had undergone a successful soft manual trac
tion of one lead. The other patient had undergone 
three episodes of ventricular fibrillation before the ex
traction procedure. Such malignant arrhythmias were 
probably caused by myocarditis foci and were not re
lated to the removal procedure. 

One 84-year-old septicemic patient died in hospi
tal 1 month after a successful transvenous procedure 
because of intercurrent pneumonia. One patient with 
local infection developed septicemia 4 months after an 

Local infection Prophylaxis Total 
(n) (n) (%) 

1" 

0.5 

9 5 13.5 
1 0.5 
2 1.5 

'The connection with the removal procedure is suspected, but not definitively proved. 
"Ventricular fibrillation was the first clinical presentation. 
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unsuccessful attempt to remove the lead; the lead ex
traction was performed by thoracotomy. 

Clinical symptoms of subclavian thrombophlebitis 
occurring within 1 month were observed in three pa
tients, two of them coming from the local infection 
group and one from the septicemia group. These cases 
were resolved using current medical treatment (antico
agulants, antibiotics, and anti-inflammatory drugs) . 

None of the patients with septicemia had fever 
during follow-up; late infective problems were not ob
served either in patients undergoing a new implant af
ter the removal procedure or in patients with a preex
isting pacing system. 

The signs of local infection persisted in the pa
tients (referred for local infection problems) with un
successful procedures. One patient personally chose 
surgical removal. 

Discussion 

The indications for pacing lead removal have been lim
ited to cases of life-threatening permanent cardiac pac
ing complications, such as septicemia. In the last few 
years, a great interest has developed concerning the 
new techniques for transvenous removal, which have 
been shown to be highly effective and relatively safe 
(17-20). 

Our experience confirms that manual traction is 
rarely effective, allowing the removal of only 6.9% of 
pacing leads, particularly those that have been im
planted recently; better results could probably be ob
tained by applying a stronger traction force, but this is 
often associated with irreversible lead damage, making 
countertraction techniques impossible. 

To optimize transvenous removal techniques, we 
have recently been using a dynamometer in order to 
graduate the traction force, depending on the type of 
approach and the clinical indications to pacing lead re
moval (25). Up to 82.5% of electrodes can be removed 
using the transvenous methods and countertraction 
techniques, allowing the surgical procedure to be re
served for a few unsuccessful cases when the indica
tions are mandatory. 

The results of the procedure did not depend on 
the indications for removal, ventricular or atrial place
ment, type of fixation mechanism, polarity of the leads, 
or age and gender of patients. Better results were ob
served in the last year of our experience, as indicated 
in Fig. 8 (total transvenous success rate of 92.2%), in-
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Fig. 8. Total results of the transvenous removal procedure in the 
last year (51 leads) 
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dicating a learning curve that must be considered by 
the centers that are beginning this kind of experience. 
The results were worse for leads that had been im
planted for a longer time, probably because of stronger 
adherences to venous and cardiac walls. 

Complications, however, seemed to be strongly af
fected by the indications for extraction: the major com
plications (cardiac tamponades) directly related to the 
procedure were observed in patients with septicemia, 
because in one case a very aggressive procedure with a 
strong traction was applied in the presence of cardio
surgical standby, while in another case the complica
tion was probably caused by maneuvering the basket. 
Remarkably, both cases were observed among the first 
80 cases. 

Septic pulmonary embolism was observed in one 
patient with septicemia and in another patient with lo
cal infection; although all patients had been submitted 
to echocardiography, this complication was probably 
caused by unrecognized vegetations. 

The cases of septicemia and venous throm
bophlebitis observed during follow-up are possibly 
procedure related, but all of them occurred in patients 
with infective long-standing problems; therefore, we 
cannot exclude the possibility that it is a complication 
of the underlying infection. 

The three deaths reported in our experience were 
not related to the procedure but to septicemia, which 
must be considered as a very dangerous disease that 
requires an aggressive antibiotic therapy. Most impor
tantly, it requires the total removal of the pacing appa
ratus as soon as possible. Two deaths were caused by 
malignant ventricular arrhythmias, probably due to an 
involvement of the cardiac muscle in the infective 
process. This is emphasized by the occurrence of a 
ventricular fibrillation in one of the two patients dur
ing hospitalization before the removal procedure. An
other patient, who is not included in the present popu
lation, was affected by long-standing septicemia with
out documented cardiac disease and died suddenly the 
day before hospitalization. A third patient with sep
ticemia was referred to us in a very bad clinical condi
tion and, although the extraction was very easy and 
without complications, his clinical status worsened and 
the intercurrent pneumonia was fatal. 

The complications observed in the septicemia 
group (not related to the removal procedure) and the 
well-established high risks of systemic infection occur
ring in patients with chronic local infection (7) suggest 
that local infection should also be considered an indi
cation to transvenous lead removal if an attempt at a 
conservative treatment is unsuccessful. 

In conclusion, the techniques now available for the 
transvenous removal of pacing leads are very effective 
in the treatment of serious complications of permanent 
cardiac pacing, and further improvements might ex
tend the indications to most functionless abandoned 
leads . 
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SUPRAVENTRICULAR TACHYCARDIAS 



Transesophageal Pacing During Exercise: Is It Useful to Evaluate Palpitations 
of Unknown Origin? 
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Transesophageal atrial pacing was first attempted 
by Shafiroff and Linder in 1957 (1). However, it could 
not be employed because of its low tolerance due to 
the high intensity necessary for the stimulation. This 
limitation was overcome by Gallagher in 1982 (2), who 
lengthened the distance between the electrodes while 
giving a longer electric pulse duration. 

In this way the technique became useful not only 
to evaluate the passive monitoring of electric events 
recorded via the esophagus in the heart, but also to in
duce and interrupt different arrhythmias. 

Because of the particular anatomic relationship 
between the heart and esophagus transesophageal 
stimulation is most frequently able to stimulate the left 
atrium. Thus the arrhythmias which can be studied us
ing this technique are restricted almost exclusively to 
the supraventricular arrhythmias. 

Transesophageal electrophysiologic study (TEPS) 
increasingly became a successful alternative to electro
physiologic endocavitary study (EPS) in evaluating the 
supraventricular arrhythmias because of the following 
advantages: 
1. Noninvasive method 
2. Use of X-ray not necessary 
3. No important side effects 
4. Higher flexibility of the technique, which can be em
ployed both in the upright position and during exercise 
and can be repeated several times 
5. Low costs 

However, the technique is limited since it is diffi
cult to continuously stimulate the ventricles, and it is 
impossible to perform an accurate mapping during ar
rhythmias. 

In patients with documented supraventricular 
tachyarrhythmias, basal TEPS or TEPS performed 
during infusion of isoproterenol has a high sensitivity 
and specificity in reproducing documented supraven
tricular arrhythmias: about 100% (3) for reciprocating 
tachycardia and of about 80% for atrial flutter (AF) 
and atrial fibrillation (AF) (4). 
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Transesophageal Stimulatiou Duriug Exercise 

TEPS during exercise was employed for the first time to 
evaluate the arrhythmologic pattern in Wolf-Parkinson
White (WPW) patients (5), especially in young athletes. 
An assessment of the risk during exercise was necessary 
since very often the arrhythmias in these patients occur 
during effort. Therefore, transesophageal pacing was 
considered the most suitable method to reproduce the 
physiologic conditions needed to provoke arrhythmic 
events. For this reason, stimulation during infusion of 
isoproterenol or after atropine was preferred. 

Usefulness of Transesophageal Study in the Diagnosis 
of Patients with Palpitations of Unknown Origin 

Apparently normal subjects undergoing medical atten
tion often report symptoms such as an unpleasant sen
sation of fast or intense heart beats lasting from some 
minutes to some hours. The sensation is sometimes as
sociated with or is followed by atypical chest pain or 
neurovegetative alterations such as warmth or perspi
ration. A wide range of arrhythmias may be responsi
ble for these symptoms. The most frequently occurring 
are Atrioventricular Node Reentrant Tachycardia 
(A VNRT), atrioventricular reentrant tachycardia 
(AVRT), atrial tachycardia (AT), AF, and aF (6-7). 
Occasionally, episodes of ventricular tachycardia (VT) 
can be observed. 

Sometimes the diagnosis is easily made by through 
the description of the symptoms, but it is not always 
possible to make a diagnosis on the basis of the symp
toms alone. This is true particularly when the electro
cardiogram (ECG) is normal, the arrhythmias seem to 
be occasional or short, or the symptoms are atypical. 
Many patients suffer from palpitations induced by 
emotional stress or effort. The procedure is thus as fol
lows: in addition to the routine examinations (com
plete blood test, thyroid hormone dosage, standard 
ECG, chest X-ray, M-mode and two-dimensional 
echocardiography) Holter monitoring and the stress 
test are performed. 



Because of their low sensitivity, both Holter moni
toring (8) and the stress test (9) are seldom helpful in 
identifying the arrhythmias. Echocardiogram is often 
normal or shows minimal alterations (light mitral valve 
prolapse). 

Methods 

In order to assess the clinical usefulness of TEPS dur
ing the exercise stress test in patients with palpitations 
of unknown origin, we studied 216 patients using basal 
TEPS (127 women and 89 men; mean age, 45 + 18 
years; range, 12 - 77 years. All patients had episodes of 
paroxysmal palpitations occurring at different states 
(at rest, at night, during emotional stress, during ef
fort) lasting from some minutes to some hours. All pa
tients had more than two episodes of palpitations a 
year. Documented arrhythmias were not found in any 
patient. 

All patients underwent standard ECG, M-mode 
and two-dimensional echocardiogram, and 24-h Holter 
monitoring, 156 patients (72 %) underwent the effort 
test. 

The exclusion criteria for this study were as follows: 
presence of major symptoms (syncope, angina, etc), 
heart disease (valvular, ischemic, myocardiopathy, 
WPW, etc), paroxysmal supraventricular tachycardia 
greater than 3 s or ventricular arrhythmias greater 
than Lown class 1. In the study we included patients 
with slight hypertensive heart disease and hemody
namically nonsignificant mitral valve prolapse. 

For 114 patients (53%) basal TEPS was negative 
or gave information only about the arrhythmogenic 
pattern without any sustained arrhythmia. All these 
patients underwent TEPS during effort. 

Basal Transesophageal Study 

A quadripolar catheter was inserted into the esopha
gus, where the highest atrial deflection with the distal 
poles was recorded. The distal poles were used to stim
ulate and the proximal ones to register atrial (A) and 
ventricular (V) deflections. Pulse duration was 9.9 ms. 
and output ranged from 10 to 18 rnA. The stimulation 
protocol included single and double extrastimuli deliv
ered every eight paced beats at a rate slightly faster 
than the sinus one at 100 and 150/m' and ten per min 
incremental atrial pacing until the Wenckebach period 
of the A V node was reached. Atrial bursts (10") were 
at 100 - 600/m' and increasing rate bursts from 200 to 
900/m'. 

Transesophageal Study During Supine Stress Test 

The initial work load was 30 W. TEPS was begun after 
2 min of exercise and included single and double ex
trastimuli delivered during atrial pacing at a rate 
slightly faster than the sinus one and incremental atrial 
pacing. Increasing rate bursts (10") were from 200 to 
900/m'. If no sustained arrhytqmia (reciprocating 
tachycardia greater than 30 s, AT, AF, and aF greater 
than 1 m') was induced, the work load was progressive
ly increased by 30-W steps, repeating TEPS at every 
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step until more than 30" reciprocating tachycardia was 
induced or 75% of maximal heart rate was achieved. 

Definitions 

Dual A V nodal pathways (DA VNP) were diagnosed 
in the presence of a sudden increase of more than 50 
ms in P-R interval during atrial extrastimulation A VN
RT was defined as reciprocating tachycardia with a V
A interval of more than 70 ms. A VRT was defined as 
reciprocating tachycardia with a V -A interval of more 
than 70 ms, and AT as SVT with an A-V ratio of 1:1 
spontaneously or as a result of vagal maneuvers or of 
drugs. 

Results 

Basal Transesophageal Study 

After basal TEPS (Fig. 1) we documented a supraven
tricular tachyarrhythmias in 47% of patients (102 out 
of 216). Of this group (group I; Fig. 2) we observed 
A VNRT in 25% (26 of 102), A VRT in 14% (14 of 
102), AT in 5% (five of 102), aF in 39% (40 of 102), 
A VNRT + aF in 11 % (11 of 102), and A VRT + aF in 
6% (six of 102). In 22% of the total patients (47 of 
216), basal TEPS gave partial information, showing a 
possible arrhythmogenic pattern as a cause (group II; 
Fig. 3). In 49% (23 of 47) we documented a DA VNP 
(15 with atrial echo and eight without), in 19% (nine of 
47) TEPS repeatedly showed the occurrence of single 
atrial echoes with a V-A internal greater than 70 ms 
suggesting a concealed Kent pathway. In 4% (two of 

31% 

OGR I 

47% IIGR II 

Fig.!. Basal transesophageal study (TEPS) in 216 patients. GR I, pa
tients with induced paroxysmal supraventricular tachycardia (PSVT) 
during rest TEPS (n = 102); GR II: patients with arrhythmic pattern 
without PSVT during rest TEPS (n = 47); GR III: patients with com
plete negative rest TEPS (n = 67) 

11% 6% 

39% 5% 

25% 

14% 

OAVNRT 

III AVRT 

_ AT 

OaF 

OAVNRT+aF 

OAVRT +aF 

Fig. 2. Percentage of the different paroxysmal supraventricular 
tachycardia (PSVT) induced during rest transesophageal Study 
(TEPS) in 102 patients. A VNRT, atrioventricular node reentrant 
tachycardia (n = 26); A V RT, atrioventricular reentrant tachycardia 
(n = 14); A T, atrial tachycardia (n = 5); aF, atrial fibrillation (n = 
40); A VNRT + aF, atrioventricular node reentrant tachycardia + 
atrial fibrillation (n = 11); AVRT + aF, atrioventricular reentrant 
tachycardia + atrial fibrillation (n = 6) 
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Fig. 3. Percentage of the different arrhythmia patterns found dur
ing rest trans esophageal study (TEPS) in 47 patients. DA VNP, 
dual atrioventricular node pathway (n = 8); DAVNP + ECHO, 
dual atrioventricular node pathway + single atrial echo (n = 15); 
CAP, concealed atrioventricular pathway (n = 9); NSVT, nonsus
tained ventricular tachycardia (n = 2); NSaF, nonsustained atrial 
fibrillation (n = 7); DAVNP + aF, dual atrioventricular node path
way + atrial fibrillation (n = 6) 

47) episodes of nonsustained VT of maximum six 
beats, in 15% (seven of 47) episodes of nonsustained 
aF, and in 13% (six of 47) DA VNP + aF was observed. 
In 31 % (67 of 216) basal TEPS gave no information 
(group III). 

Transesophageal Study During Exercise 

In 114 patients in whom basal TEPS was negative or 
had only given information about the arrhythmogenic 
pattern (groups II and III; Fig. 4), TEPS during exer
cise induced supraventricular and ventricular arrhyth
mias in 76% (86 of 114). The study was negative even 
after TEPS during exercise in 24% (28 of 114). We in
duced AVNRT in 53% (46 of 86), AVRT in 26% (22 
of 86), aF in 11 % (nine of 86), AF in 6% (five of 86), 
AT in 2% (two of 86) and VT in 2% (two of 86) (right 
bundle branch block, RBBB + LSBBB). Basal TEPS 
and effort TEPS were able to induce a sustained PSVT 
in 87% (188 of 216; Fig. 7). In the 47 patients in whom 
basal TEPS gave information only about the electro
physiologic pattern, TEPS during effort demonstrated 
the induction of PSVT in 66% (31 of 47; Fig. 6), com
pared to 34% (16 of 47) in which it was not possible to 
induce any arrhythmias. A VNRT was induced in 61 % 
(19 of 31), A VRT in 29% (nine of 31), SVT in 6% 
(two of 31), aF in 4% (one of 31). In group II there 
was 100% correlation between the electrophysiologic 
pattern found at basal TEPS and the induction of ar
rhythmias by effort TEPS. 

In 14% (one of seven) of nonsustained patients, a 
sustained aF was induced. In 100% of DA VNP + atrial 
echo with a V-A interval greater than 70 ms and in 38% 
(three of eight) of DA VNP patients, without atrial echo 
AVNRT was induced. In 100% of patients (nine of 
nine) with atrial echo and a V-A interval greater than 
70 ms, AVRT was induced. In 100% of patients (two of 
two) with nonsustained VT, a sustained fascicular VT 
was induced. In only 14% of patients (one of seven) 
with DA VN + aF was induced an A VNRT. 

In 67 patients (group III; Fig. 7) with negative 
basal TEPS, TEPS during effort demonstrated the in
duction of PSVT in 82% (55 of 67) compared to 18% 
(12 of 67) in which it was not induced. In group III, 
A VNRT was induced in 49% (27 of 55), of A VRT in 
23% (13 of 55), aF in 15% (eight of 55), AF in 9% 
(five of 55), and AT in 4% (two of 55). 
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Fig. 4. Percentage of induced and non induced arrhythmias during 
effort transesophageal study (TEPS) in 114 patients. NO SVT, pa
tients with completely negative test (n = 28); A VNRT, atrioventric
ular node reentrant tachycardia (n = 46); A VRT, atrioventricular 
reentrant tachycardia (n = 22); AT, atrial tachycardia (n = 2); AF, 
atrial flutter (n = 5); aF, atrial fibrillation (n = 9); VT, ventricular 
tachycardia (n = 2) 
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Fig. 5. Final data in the entire population (n = 216) studied during 
rest and effort transesophageal study (TEPS). NO SVT, patients 
with completely negative test (n = 28); AVNRT, atrioventricular 
node reentrant tachycardia (n = 72); A VRT, atrioventricular reen
trant tachycardia (n = 36); aF, atrial fibrillation (n = 49); AF, atrial 
flutter (n = 5); A T, atrial tachycardia (n = 7); VT, ventricular tachy
cardia (n = 2); AVNRT + aF, atrioventricular node reentrant tachy
cardia + atrial fibrillation (n = 11); AVRT + aF, atrioventricular 
reentrant tachycardia + atrial fibrillation (n = 6) 
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Fig. 6. Percentage of induced and noninduced arrhythmias during 
effort transesophageal study (TEPS) in 47 patients with only ar
rhythmia pattern at rest TEPS. NO SVT, patients with completely 
negative test (n = 16); A VNR T, atrioventricular node reentrant 
tachycardia (n = 19); AVRT, atrioventricular reentrant tachycardia 
(n = 9); aF, atrial fibrillation (n = 1); SVT, sustained ventricular 
tachycardia (n = 2) 

Discussion 

Basal TEPS gave both direct and indirect information 
about the cause of symptoms reported by patients with 
palpitations of unknown origin in 69% (149 of 216) of 
the group I and II patients. 

In 70% (102 of 49; group I) it was possible to in
duce a supraventricular arrhythmia which was ac
knowledged by the patients as the origin of his or her 
symptoms. In the remaining 30% (47 of 149; group II) 
it was possible to discover the arrhythmogenic pattern. 
In the remaining 31 % (67 of 216; group III), basal 
TEPS could not give any information. 

In patients in group II and III, basal TEPS was not 
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Fig. 7. Percentage of induced and not induced arrhythmias during 
effort Transesophageal Study (TEPS) in 67 patients with complete
ly negative test at rest TEPS. NO SVT, patients still with complete
ly negative test (n = 12); AVNRT, atrioventricular node reentrant 
tachycardia (n = 27); A VRT. atrioventricular reentrant tachycardia 
(n = 13); aF, atrial fibrillation (n = 8); AF, atrial flutter (n = 5); AT, 
atrial tachycardia (n = 2) 

the most adequate technique for reproducing the com
plex relationships between the electrophysiologic sub
strate and SNA which start the symptomatic arrhyth
mia. 

Most of these patients actually reported arrhyth
mias at different moments of physical activity (effort 
peak, immediate recovery, during emotional stress, 
and in certain postures). 

In many previous investigations it was found that 
the infusion of isoproterenol can be used to reproduce 
an adequate adrenergic tone (10, 11). Even if this tech
nique has quite a high sensitivity it does have some 
limitations: 
1. It is not a physiologic stimulus, and in the palpita
tions of unknown origin it is often not an adequate 
stimulus. 
2. It can result in unpleasant side effects. 
3. In evaluating palpitations of unknown origin the in
duction of AF, AT, and aF during the infusion of iso
proterenol may not be clinically significant. 

Some authors have suggested performing TEPS 
during exercise as an alternative to the infusion of iso
proterenol to evaluate supraventricular paroxysmal 
tachycardias occurring during exercise or palpitations 
during exercise in athletes (12, 13). TEPS during effort 
is often able to reproduce the exact physiologic condi
tions to start arrhythmias not easily detachable other
wise. 

TEPS during effort was able to discover the ar
rhythmia which is the origin of the symptoms in 76% 
of patients in group II and III. In our experience, all 
patients in group II presenting with atrial echoes 
blocked in the A V node (DA VNP and concealed Kent 
pathway) had a sustained supraventricular tachycardia 
induced by TEPS during exercise. In patients with reci
procating A VNT (RA VNT), arrhythmia was induced 
for a low stage of work (30 - 90 W) and showed a pro
gressive increase of heart rate as the stages increased 
before slowing and being interrupted spontaneously 
after recovery. 

In reciprocating tachycardias at higher work 
stages, frequencies higher than 250/m' can usually be 
induced. Low inducibility of RA VNT during effort in 
patients with nonsustained aF + DA VNP is probably 
due to the fact that the presence of DA VNP does not 
necessarily imply the presence of tachycardia. In fact, 
during electrophysiologic study, it is not rare to 
demonstrate the existence of DA VNP in subjects stud-
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Fig. 8. Different percentage of arrhythmias induced through pro
gressive study steps (rest. effort, and recovery transesophageal 
Study, TEPS). A VNRT, atrioventricular node reentrant tachycar
dia; A VRT, atrioventricular reentrant tachycardia; aF, atrial fibril
lation; AF, atrial flutter; A T, atrial tachycardia; VT, ventricular 
tachycardia 

ied for other reasons and with no tachycardia. It is pos
sible that in patients with non sustained aF, the low in
ducibility of sustained arrhythmias during effort 
demonstrate that in this arrhythmia the action of cate
cholamine is not relevant. 

As for patients in group III, TEPS during exercise 
can document the arrhythmias in a high percentage of 
patients (82%; 55 of 67). In this group, too, A VNRT 
i.e. were more frequently induced 49% (27 of 55) and 
23% (13 of 55) respectively. It is interesting to note 
that 85% of subjects with A VNRT were athletes with 
a basal effective refractory period of the A V node 
greater than 320 ms. 

In patients with A VNRT, the increased vagal tone 
at rest probably completely blocked the anterograde 
slow pathway conduction, which therefore could not 
be found during basal TEPS. As jump was not present, 
basal TEPS did not provide any information. More
over, a sustained arrhythmia was induced with loads 
higher than in patients in group II (90 - 200 W; P < 
0.01). These observations suggest that athletes have ar
rhythmias only during exercise, because training, by 
modifying neurovegetative conditions, protects pa
tients at rest. 

In patients with A VRT, TEPS during effort often 
induced arrhythmias at exercise peak or during recov
ery (Fig. 8). This confirms the fact that complex neu
rovegetative modifications are necessary to start the 
arrhythmias. It must be pointed out, however, that the 
diagnostic sensitivity of basal TEPS is lowered, as it is 
not possible to stimulate the ventricles and thus to dis
close a concealed anomalous pathway. As for the in
ducibility of AF during effort, an interesting fact is ap
parent. This type of arrhythmia is characterized by the 
difficulty of induction, since it is induced with aggres
sive techniques, bursts, at exercise peak, or at immedi
ate recovery. It is characterized by the high relation
ship of conduction to ventricles, sometimes with ven
tricles frequencies of more than beats/min and a of 
300, wide QRS increasing during recovery. Interrup
tion occurs spontaneously after several minutes, with 
a lowered ventricular response but an unchanged cy
cle of arrhythmias. Among the patients in whom ar
rhythmias were still not inducible at the end of the 
study, there are probably neurotic or anxious patients 
and patients for which the physiopathologic condi
tions required to start an arrhythmia can not be repro
duced. 



Conclusions 

Owing to its feasibility, good tolerance, and absence of 
significant side effects, TEPS performed during effort 
is a technique that is suitable to integrate basal TEPS 
in apparently normal subjects presenting palpitations 
of unknown origin. This technique reproduces the 
complex modifications of the neurovegetative tone, 
through graded steps, stimulation at exercise peak, and 
immediate recovery. For this reason it is very flexible 
and useful for reproducing arrhythmias and related 
symptoms. The high sensitivity and specificity of the 
method are able to identity patients presenting with 
atypical symptoms probably due to anxiety. 
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New Approaches to Treatment of Atrial Tachycardia 
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Introdnction 

Atrial tachyarrhythmias represent a great challenge to 
successful treatment. Therapy of ectopic atrial tachy
cardia may be approached with either medical manag
ment or, with increasing success, radiofrequency (RF) 
catheter ablation. 

It is important to recall that atrial tachycardia may 
occur by one of several mechanisms, so that medical 
therapy will vary depending on the mechanism. Thus, 
those which require an enhanced catecholamine state 
for the production of tachycardia may respond to beta 
blockers. Those which are due to triggering and those 
due to micro-reentry involving decremental tissue (i.e., 
calcium-driven action potentials) may respond to calci
um blockade. Class lA, Ie, and III antiarrhythmic 
drugs have all been used, though success with any of 
these agents is no greater than 30%-40%. 

Nonpharmacologic Therapy 

Because of their poor response to medical therapy, 
atrial tachycardias are increasingly being approached 
with transcatheter ablation. RF catheter ablation has 
revolutionized treatment for patients with medically 
refractory paroxysmal supraventricular tachycardia in
volving either dual atrioventricular (A V) nodal path
ways or an accessory A V connection. In these patients, 
catheter ablation is curative, and complications are 
rare. For patients in whom the substrate of the tachy
cardia is confined to the atrium and in whom the ar
rhythmia itself or the ventricular response cannot be 
controlled with drugs because of inefficacy or intolera
ble side effects, catheter ablation of the His bundle 
was an option (1-5). Unfortunately, while preventing 
rapid ventricular response, this procedure mandates 
the implantation of a permanent pacemaker and does 
nothing to restore normal hemodynamics to the atri
um. While primary atrial arrhythmias, other than atrial 
fibrillation, are less common than other causes of 
supraventricular tachycardia, medical management can 
be particularly difficult and in the proper setting, such 
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as following surgery for congenital heart disease, can 
themselves be the cause of significant morbidity and 
mortality (6-8). 

For the purposes of ablative therapy, an updated 
classification schema is indicated (Table 1). Specifical
ly, it must be determined whether the arrhythmia is 
due to a focal mechanism (automatic atrial tachycardia 
or micro-reentrant atrial tachycardia, for example); or 
to an intra-atrial macro-reentrant tachycardia involv
ing anatomical and/or surgical barriers and a critical 
isthmus. 

Development of Ablative Methods 

The presence of either an isolated automatic focus or 
reentry with a protected zone of slow conduction im
plies that these forms of atrial tachycardia might be 
cured by targeting lesions at critical atrial tissue, with
out altering normal A V conduction. The earliest abla
tive approaches were surgical and were considered for 
the most severe cases (9). Intraoperative mapping was 
used to identify the focus and then either resection, 
cryoablation, or an isolation procedure was performed. 
A recent report (10) highlighted the long-term out
come in 15 consecutive patients with ectopic atrial 

Table 1. Updated classification of atrial tachyarrhythmias 

"Focal" 
Automatic (or triggered) ectopic 
Micro-reentrant 

Sinus node 
Crista terminalis 
Other 

Inappropriatc sinus tachycardia 
Macro-reentrant atrial tachycardia (involving a "critical isthmus") 

Typical atrial flutter 
Atypical atrial flutter 

Clockwise "typical" flutter 
Other atypical flutter 

Left atrial 
Right atrial - involving high right atrium/crista terminalis 

Reentrant involving surgical scars/anatomical barriers 
Atrial fibrillation 



tachycardia. An effective drug regimen was found in 
only five (33%) of the 15 patients; the remaining ten 
patients were treated surgically. Focal ablation was 
performed in four patients and atrial isolation proce
dures in six. Atrial tachycardia recurred in one patient. 
There was a moderate rate of complications including 
need for permanent pacing but map-guided surgery 
did demonstrate long-term efficacy in abolishing symp
toms in nine of the ten patients. 

To avoid the morbidity and technical difficulties of 
surgery, several groups have reported results, albeit in 
small numbers of patients, using transcatheter direct 
current shock ablation (11-13). Because of the poten
tial risks related to barotrauma associated with direct 
current shock ablation, the need for general anesthe
sia, and the difficulty in acutely assessing outcome, the 
search for a more appropriate form of ablative energy 
lead to the use of RF catheter ablation in the atrium. 
Recently, RF ablation has been reported to cure pa
tients with atrial flutter (14-16) and automatic ectopic 
atrial tachycardia (17-22). In addition, recent clinical 
studies have detailed successful ablation in patients 
with repaired congenital heart disease. 

Concern might be raised regarding the risk of per
foration during ablation using RF energy in the thin
walled atrium. Based on the biophysics of RF lesion 
formation (23-25), it is to be expected that these le
sions are transmural in the atrium. Indeed, in animal 
studies, we have found that the lesions are transmural 
in most instances (26). Yet atrial perforation has never 
occurred, to our knowledge, during atrial catheter ab
lation. This may be due to a favorable change in the 
viscoelastic properties of the myocardial wall when 
desiccation and protein denaturation occur. 

General Aspects of Electrophysiology Testing and 
Ablation for Atrial Arrhythmias 

The index arrhythmia(s) at which catheter ablation is 
to be directed should have been well-documented pri
or to invasive electrophysiologic testing, since aggres
sive atrial programmed stimulation will frequently in
duce nonclinical tachycardia as an artifact of electro
physiologic testing. Antiarrhythmic medication is 
discontinued at least five half-lives prior to the proce
dure whenever possible, though A V nodal blocking 
drugs (e.g., digoxin) should be continued if they do not 
inhibit tachycardia, since mapping is easiest when 
some degree of A V block is present during tachycar
dia. Sedation should be minimized, if possible, since 
many automatic and micro-reentrant atrial tachycar
dias are sensitive to the autonomic state, and sedation 
may suppress inducibility which cannot always be 
overcome with the infusion of isoproterenol. 

Multipolar catheters are positioned throughout 
the atria, including the coronary sinus, high right atri
um, and low septal right atrium. As a general principle, 
as many electrodes as possible should be deployed, de
pending on the constraints of the recording system. As 
described below, placing multipolar electrode 
catheters along regions of likely tachycardia origin, 
such as the crista terminalis (CT) in the right atrium 
may shorten the time required for mapping with a rov-
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ing catheter. New multielectrode arrays, such as an 
atrial "basket" catheter, are being developed and 
should improve the efficiency of atrial mapping. When 
left atrial recordings are required other than those pro
vided by a catheter in the coronary sinus, a transseptal 
puncture is generally performed using a Brocken
brough needle and Mullin's sheath (27, 28); alterna
tively, especially in children (29), a patent foramen 
ovale may be crossed. While a retrograde, trans aortic, 
transmitral approach can be attempted for left atrial 
foci, catheter manipulation is more difficult and a 
transseptal approach is preferred. 

Much of atrial mapping depends on determining 
the relationship of local activation to the surface P 
wave. However, unlike mapping for ventricular tachy
cardia (VT), the P wave is often difficult to see clearly. 
Nevertheless, an assiduous search for true surface P 
wave onset is absolutely essential, and time spent do
ing so is more than compensated by a shorter total 
mapping time. This point cannot be emphasized 
strongly enough. Recording should be made from as 
many simultaneous surface leads as possible during 
mapping. In our laboratory, a full 12-lead electrocar
diogram (ECG) is simultaneously obtained, along with 
intracardiac electro grams filtered from 30 to 500 Hz 
and recorded using a computer-based digital amplifi
er/recorder system with optical disk storage. The gain 
of the ECG channels should be adjusted to visualize P 
waves, even if QRS complexes are clipped. It is 
mandatory that an isolated P wave be recorded during 
tachycardia, not obscured by QRS or T wave, even if 
only briefly. This can be carried out using such maneu
vers as carotid massage or the infusion of adenosine. 
Caution should be used in interpreting the rhythm 
with adenosine, however, since it may terminate the 
tachycardia or cause atrial premature beats from sites 
other than the targeted tachycardia. Once a clear P 
wave is seen, a surrogate marker can be employed, 
such as a stable intracardiac electrogram in the coro
nary sinus or His bundle position. The activation time 
relative to accurate P wave onset at this surrogate 
marker location can then be subtracted from roving 
map sites to assure an accurate activation map. 

If the target arrhythmia is not present sponta
neously at the time of electrophysiology study (i.e., not 
an incessant arrhythmia), single and double pro
grammed extrastimuli are delivered after an eight-beat 
drive of at least two cycle lengths and two atrial sites as 
well as atrial decremental burst pacing down to the cy
cle length at which two-to-one capture occurred. Since 
the atrium has a shorter refractory period than the 
ventricle, we chose basic drives of 400 and 300 ms, 
rather than 600 and 400 ms as is typical for VT induc
tion. If tachycardia is not induced or is not sustained, 
isoproterenol is infused starting at a dose of 0.5 
flg/minutes (or 0.025 ug/kg per min in children) with 
dose increases every 5 min until the heart rate in
creases by 40% or tachycardia becomes sustained ei
ther spontaneously or with pacing. 

Ablation of Focal Atrial Tachycardia 

Focal atrial tachycardia, regardless of whether it is due 



to abnormal automaticity, triggering, or micro-reentry 
is best ablated by targeting the site of earliest atrial ac
tivation proceeding the p wave during tachycardia. 
Since those focal atrial tachycardias that are reentrant 
usually do not have a fully excitable reset gap (i.e., the 
shape of the reset curve is usually purely increasing 
without a flat portion) (30, 31), entrainment tech
niques are less useful than for those reentrant tachy
cardias involving large circuits and anatomical and/or 
postsurgical barriers and which can be entrained with
out decremental conduction. Pace mapping to match 
the surface p wave or the endocardial activation se
quence (20) during tachycardia can be used adjunc
tively, but because of the difficulty in clearly discerning 
surface p wave morphology, activation mapping is 
more accurate. 

After defining p wave onset and having identified 
a means for repeated tachycardia induction, activation 
mapping is undertaken. While mapping should be sys
tematic, the vast majority of focal atrial tachycardias 
arise from a limited region of the right and left atria, 
and this knowledge allows a more directed search for 
the site of earliest local activation preceding the sur
face p wave. The site of origin of the majority of focal 
atrial tachycardias cluster at areas of change in fiber 
type and orientation. Specifically, most right atrial fo
cal tachycardias arise from the crista terminalis at the 
junction of the trabeculated and smooth atrium. In the 
left atrium, the ostia of the pulmonary veins (usually 
upper) are favored. In our laboratory, we place a mul
tipolar catheter directly on the crista terminalis using 
catheter-based intracardiac echo cardiographic (ICE) 
guidance (32). This allows us to easily see the site of 
earliest activation along the crista terminalis. It also al
lows us to distinguish sinus rhythm from ectopic tachy
cardia, which may at times be difficult using surface p 
wave alone during catecholamine infusion when the 
ectopic tachycardia arises from high on the crista ter
minalis. 

Left atrial tachycardias usually arise from near the 
pulmonary veins, but initial localization can at times be 
confusing, for several reasons. First, atrial activation 
times during tachycardia in the coronary sinus are usu
ally late with respect to many times in the right atrium 
(right atrium appendage and His bundle electrogram, 
for example). This is because the coronary sinus is rel
atively inferior and anterior as compared to the pul
monary veins which enter the left atrium posteriorly. 
Second, it should be noted that the right pulmonary 
veins are actually rightward of substantial portions of 
the right atrium, especially the septum and the some of 
the appendage. When much of the posterosuperior 
right atrium has an equivalent activation time with re
spect to the p wave during tachycardia of -10 to -20 ms, 
it is most likely that the tachycardia has its origin at the 
ostium of the right upper pulmonary vein which enters 
directly behind the right atrium. Matters are further 
confounded by the unreliability of the surface p wave 
vector for indicating tachycardia origin. For example, 
tachycardias can arise from the most superomedial 
(i.e., leftward) portion of the crista terminalis and pro
duce a negative p wave in lead a VI during tachycardia. 

Ultimately, the site of earliest activation which 
precedes p wave onset by more than 30 ms must be 
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identified. In a group of 20 patients with successful ab
lation of focal atrial tachycardia from our institu
tion, the average activation time at successful sites was 
-48±8 ms before the surface p wave. Walsh et al. (22) 
also reported early activation at successful sites with 
atrial activation preceding the onset of surface P wave 
by 20-60 ms (median, 42 ms). Interestingly, low ampli
tude and fractionated electrograms are recorded from 
a small surrounding region before successful ablation 
in most patients, and this combined with early activa
tion is the best site for targeting energy delivery. Atrial 
fractionation may be due to a region of more generally 
dysfunctional atrial tissue exhibiting abnormal auto
maticity in the midst of relatively poorly coupled 
fibers. Such relative uncoupling between normal sur
rounding atrium and a focus of automaticity may in 
fact be a requirement such that normal atrium is pre
vented from electrotonically inhibiting abnormal 
phase-4 depolarization. In other words, one beneficial 
outcome of normal cell-to-cell coupling is to prevent a 
few cells from becoming established as an ectopic au
tomatic focus. The requirement of relative uncoupling 
for automatic cells to drive normal cells has been 
shown in computer modeling (33) and in vitro studies 
(34) . 

In general, energy application should be per
formed during tachycardia. At target sites, 20-50 W of 
unmodulated RF energy are delivered for 10-15 s be
tween the tip of the ablation catheter and a large sur
face area skin patch. Acceleration of tachycardia is an 
excellent sign for impending success for automatic 
rhythms, presumably because the firing rate increases 
with heating. Once tachycardia terminates, energy ap
plication may be continued for 60-100 s. If a sudden 
rise in impedance occurs during energy application, 
energy delivery is discontinued, the catheter removed 
and adherent coagulum cleaned from its tip. New abla
tion systems employing thermistor-tipped catheters are 
particularly advantageous, since power can be titrated to 
achieve a tip-tissue interface temperature of 65°-70°C: 
high enough to ensure lesion formation, while avoiding 
boiling, coagulum formation and impedance rises (25, 
35). Tip temperature monitoring should enhance the 
safety and efficacy of ablation in the atrium. 

Ablation of Tachycardias Involving the Sinus Node 

Tachycardias very near the sinus node can either be si
nus node reentry, inappropriate sinus tachycardia, or a 
focal automatic atrial tachycardia at the superior as
pect of the crista terminalis. Sinus node reentry can be 
viewed as a specific example of the more general focal 
reentrant atrial tachycardia which can occur anywhere 
along the crista terminalis. In patients with sinus node 
reentry, it appears that ablation can be successfully di
rected such that tachycardia is abolished without af
fecting sinus node function. 

Focal automatic tachycardias near the sinus node 
are treated in the same fashion as those which occur 
anywhere else in the atrium. 

For patients with inappropriate sinus tachycardia 
syndrome, RF energy can be used to modify sinus 
node function. The fundamental concept is that the si-



nus node is a distributed structure, with the most rapid 
(and most catecholamine-sensitive) portion at the 
most superomedial portion of the crista terminalis and 
progressively slower rates more inferiorly located. 
While the technique of sinus node modification is still 
in evolution, we have found that an essentially 
anatomical approach is effective. ICE is used in our 
laboratory to identify the most superomedial portion 
of the crista terminalis and to guide placement of the 
ablation electrode to the site where RF energy is ap
plied. ICE is also able to confirm lesion formation. The 
goal is to obtain a reduction of 20-30 beat/min in the 
maximal heart rate after Isuprel (isoproterenol) and 
atropine infusion. In so doing, normal chronotropic re
sponsiveness can be maintained without the excessive 
rates with minimal exertion so bothersome to these pa
tients. It should be emphasized that this technique is 
difficult to effectively employ with fluoroscopic-guided 
catheter positioning alone. The ablation catheter tip 
must be firmly applied directly to the crista terminalis, 
and this endocardial feature cannot be visualized by X
ray. Indeed, with ICE it can be appreciated that a 
slight movement of the catheter, which is impercepti
ble with fluoroscopy, will take the tip well off the 
crista. 

Approach to Catheter Ablation in Patients with 
Macro-Reentrant Atrial Tachycardia 

Reentrant atrial tachycardia occurs most commonly in 
the setting of structural atrial defects, in particular pri
or to atrial surgery. Patients with atrial arrhythmias 
complicating the late postoperative course of surgery 
for congenital heart disease present a particular techni
cal challenge because of distorted postsurgical anato
my and the presence of multiple arrhythmias in many. 
Nevertheless, arrhythmias are quite common following 
extensive atrial surgery (6, 8) and may be partially re
sponsible for the occurrence of sudden death in such 
patients. Therapeutic options may be limited in these 
patients; sinus node disease and ventricular dysfunc
tion may increase the risk of antiarrhythmic medica
tion. Antibradycardia and anti tachycardia pacing may 
be problematic in patients with residual intracardiac 
shunting. Finally, loss of A V synchrony, which may ac
company A V node ablation, may not be well tolerated 
in such patients. Ablation of the substrate for atrial 
tachycardia avoids many or all of these problems and 
may be the preferred approach. 

Successful ablation requires identification of a pro
tected isthmus of conduction which is narrow enough 
for an RF lesion (or series of lesions) to be able to 
bridge constraining barriers. Unlike type I atrial flut
ter, however, the slow region is not in a constant 
anatomical location, but will vary from patient to pa
tient depending on the operation which has been per
formed. Therefore, careful review of operative reports 
and echocardiograms is essential to plan mapping and 
ablation for patients with atrial tachycardia following 
atrial surgery. The critical isthmus can include the 
space between a Fontan conduit and the tricuspid an
nulus or superior vena cava (SVC), a corridor between 
a Mustard atrial baffle and the coronary sinus ostium, 
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or between an atrial septal patch and the tricuspid an
nulus (16, 36). The atriotomy scar on the lateral right 
atrium often plays an important role in the genesis of 
tachycardia in analogy to the animal models of atrial 
"flutter" (37-39), irrespective of the surgery per
formed, but particularly in the case of prior repair of 
atrial septal defects. The surgeon gains access to the 
interior of the right atrium and atrial septum via an 
oblique incision from the right atrial appendage down 
to the inferoposterolateral right atrial free wall. The 
incision typically stops short of the A V groove (and in
ferior vena cava) to avoid damaging coronary vascula
ture. However, this narrow isthmus between the infer
olateral extent of the atriotomy and either the tricus
pid annulus or the inferior vena cava can act as a pro
tected isthmus, with the extensive atriotomy serving as 
an obstacle around which reentrant excitation can cir
culate. In some cases, the atriotomy scar can be palpat
ed with the roving ablation catheter as a distinct 
"stepoff" or ridge. Markedly disparate activation times 
on either side of this ridge and the recording of double 
potentials in its vicinity further suggest the atriotomy 
as a line of block extending from the inferolateral to 
the anteromedial right atrial free wall. Extending the 
scar from the atriotomy to the inferior vena cava or tri
cuspid annulus using RF energy is curative in these pa
tients. In some cases, extending the atriotomomy supe
riorly using RF, making a lesion up to the SVC, has 
been curative. 

Selecting target sites for ablation of reentrant atri
al tachycardia requires careful electrophysiologic eval
uation. The technique of entrainment with concealed 
fusion, developed initially for identification of success
ful ablation target sites in coronary disease VT (40) , is 
quite useful for finding a protected isthmus in macro
reentrant atrial tachycardia. 

Resnlts of Ablation for Atrial Tachycardias 

As shown in Table 2, acute success, defined by absence 
of tachycardia spontaneously, after the infusion of iso
proterenol, or with agressive programmed stimulation 
can be acheived in 80%-95% of cases (16, 18,22). Re
currence is to be expected in approximately 5%-15% 
of apparently successfully treated individuals. In some 
cases this is due to the development of another focus. 

Complications 

Fortunately, it appears that complications of ablation 
in the atrium are unusual. The only complication in 
over 50 patients treated at our institution has been 
femoral venous thrombosis which developed the day 
after the procedure in a 77-year-old woman who had 
successful ablation of atrial flutter. We had not been 
routinely anticoagulating patients undergoing right
sided procedures, though this policy is now under re
view. There have not been complications from applica
tion of RF energy to the endocardium. Similar safety 
has been reported by others (14, 15, 18,22,26). How
ever, no large series have been published and the fol
low-up has been brief. Therefore, atrial ablation must, 



Table 2. Summary of the approach to ablation in patients with atrial arrhythmias, including the electrophysiologic method for chosing target 
sites and the commonest locations 

Arrhythmia Approach to targeting Usual sites Fragmented 
electrograms at 
successful sites? 

Expected acute 
success rate' 
(%) 

Expected 
recurrence rate' 
(%) 

Focal automatic atrial 
tachycardia 

Activation mapping; ± 

endocardial pace-mapping 
(20) 

Crista terminalis, opening 
of pulmonary veins 

++ 80-95 10-20 

Focal reentrant atrial 
tachycardia 

Activation mapping; 
Endocardial pace-mapping 
or "concealed 
entrianment" 

Crista terminalis, coronary 
sinus ostium 

+++ 80-95 10-20 

Macro-reentrant atrial 
tachycardia 

Activation mapping 
followed by concealed en
trainment with PPI=TCL, 
and StP=AT 

Near surgical scars and/or 
anatomical obstacles; esp. 
atriotomy; RF lesion must 
bridge critical isthmuis 

+++ 70-80 10 

Sinus node reentry Activation 
mapping 

Between SVC and crista 
terminalis 

++ 80-95 5-10 

Inappropriate sinus 
tachycardia 

Anatomical approach 
guided by intracardiac 
echocardiography 

Most superiomedial aspect 
of crista terminalis; 
mUltiple lesions over 1-1.5 
cm may be required 

95 ?? 

AT, atrial tachycardia; RF, radiofrequency; SVC, superior vena cava; PPJ, postpacing interval measured at the pacing catheter; TCL, tachycar
dia cycle length; S+P, interval from stimulus to P wave. 
"Based on results reported from (10, 14-18, 20, 22, 41, 42). 

at the time of this writing, still be considered to be un
der development and should only be performed by in
terventional electrophysiologists with adequate train
ing and experience. 

Conclusion 

Chronic medical therapy, empirically chosen, is usually 
not totally effective for patients with atrial tachycar
dias. Table 2 summarizes the approach and expected 
results of curative catheter ablation for automatic and 
reentrant atrial arrhythmias. Results to date indicate 
that RF catheter ablation, by severing corridors of slow 
conduction or abolishing foci of abnormal automaticity, 
can safely treat atrial arrhythmias in humans. Recur
rence is not uncommon in patients with structural heart 
disease, the reasons for which require further investiga
tion. However, repeat ablation is usually successful. 
Tachycardia-related cardiomyopathy reverses after suc
cessful ablation of automatic atrial tachycardia, and it is 
quite important to recognize this disorder. 

Long-term follow-up will be required to ascertain 
the incidence of recurrence or the emergence of new 
arrhythmias, given that many of these patients have 
progressive atrial disease. Nevertheless, RF catheter 
ablation offers the potential for curing patients with 
atrial arrhythmias who cannot be treated by other 
means. Time will tell whether the most common atrial 
arrhythmia, atrial fibrillation, will ever be curable us
ing catheter ablative techniques. 
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Atrioventricular Node Anatomy and Physiology: 
What Have We Learned from Catheter Ablation? 

F. Gaita, R. Riccardi, F. Lamberti, M. Scaglione, 
L. Garberoglio, and M. Alciati 

Divisione di Cardiologia, Ospedale Civile di Asti, Italy 

Atrioventricular (A V) nodal reentrant tachycardia 
(A VNRT) is the most frequent form of supraventricu
lar tachycardia. Its electrophysiologic mechanism has 
been known for many years. In 1913 Mines (1) first 
performed experiments on the A V connections of the 
heart and explained the mechanism of this arrhythmia 
as follows: 

"A slight difference in the rate of recovery of two 
divisions of the A V connexion might determine that an 
extrasystole of the ventricle, provoked by a stimulus ap
plied to the ventricle shortly after activity of the A V 
connexion, should spread up to the auricle by that part 
of the A V connexion having the quicker recovery 
process and not by the other part. In such a case, when 
the auricle became excited by this impulse, the other 
portion of the A V connexion would be ready to take up 
the transmission again back to the ventricle. Provided 
the transmission in each direction was slow, the cham
ber at either end would be ready to respond and thus 
the condition once established would tend to continue." 

In the years that followed, several studies showed 
that this first genial explanation was correct, but they 
better defined the reentrant circuit responsible for the 
arrhythmia, which is constituted by two different path
ways inside the A V node; one was called alpha and the 
other beta, showing different refractoriness and differ
ent conduction velocity. 

This assumption was accepted for many years, un
til recent advances in surgical and catheter ablation 
techniques showed new findings. In 1985, Ross (2) 
showed that it was possible to cure A VNRT with sur
gical dissection or cryolesion of the atrium near the 
A V node without affecting the normal A V conduction. 
This suggests that part of the reentrant circuit is out
side the A V node and that it also includes atrial fibers. 

However, as early as 1981 Sung (3) was the first to 
show that during ventricular pacing two different 
zones of earliest atrial activation could be present at 
different cycle lengths in the same patients: one in the 
anterior part of the septum near the His bundle with a 
short VA interval (fast pathway) and the second near 
the coronary sinus os that was characterized by long 
VA conduction times (slow pathway). 

172 

In view of the fact that, in the common form of 
A VNRT, retrograde conduction occurs via the fast 
pathway localized in the anterior part of the septum, 
the first attempts at catheter ablation were performed 
in this zone (4,5). These papers showed that a selective 
catheter ablation via the fast pathway with DC shock 
was possible in about 80%-90% of patients; similar or 
better results were obtained using radiofrequency 
(RF) current. Unfortunately, due to the proximity of 
the fast pathway to the compact A V node and the His 
bundle a risk of complete A V block was present and 
occurred in about 2%-10% of patients. This is, howev
er, too high a price for a generally well tolerated and 
non-life-threatening arrhythmia In 1990, Jackman (6) 
showed that selective ablation of the slow pathway in 
the posteroseptal region, far from the His bundle, was 
possible using retrograde mapping during atypical 
AVNRT or retrograde conduction through the slow 
pathway. However, this approach is applicable in only 
a small percentage of patients in whom retrograde 
slow conduction is demonstrable. 

From April to June 1992, three different ap
proaches for the slow pathway ablation in A VNRT 
were proposed. These approaches can be used in all 
patients with A VNRT. The anatomical approach was 
proposed by Jazayery (7) and is characterized by a 
stepwise movement of the catheter from the posterior 
zone of Koch's triangle to the midseptal and an
teroseptal zone, using only the recording of a small 
A V ratio as an endocardial guide. 

In the same period two other approaches were 
proposed, one by Haissaguerre and us (8-10) and the 
second by Jackman (11) both using endocardial poten
tials to guide the use of RF energy. These two poten
tials are often considered to be similar, which creates 
some confusion. However, these two potentials are dif
ferent not only morphologically, but also in the sites at 
which they are recorded and in their electrophysiologic 
behavior and significance. 

The potential described by Jackman (11) is sharp 
and it is the latest atrial electrogram following a low
amplitude atrial electrogram during sinus rhythm 
while during atypical A VNRT the sequence is inverted 



and the sharp potential precedes the atrial electro
gram. 

The region where it is usually recorded is less than 
5 mm in diameter, but its location varies among pa
tients. It can be recorded around the coronary sinus 
ostium, sometimes above it, sometimes inside it, but 
usually below it. 

The potential described by Michel Haissaguerre 
and us (8, 9) is generally recorded at the mid- or poste
rior septum, anterior to the coronary sinus, but not in
side or posterior to it. The site of a more vivid slow po
tential is usually projected at two thirds anterior one 
third posterior of the area between the His bundle and 
the coronary sinus ostium. The potential can change 
from patient to patient. Sometimes it is slow and some
times it is slightly sharp, and the A V ratio may be dif
ferent. However, the most common A V ratio ranges 
from 0.5 to 0.7. 

Although the morphology of the slow potential 
may be different, it can be identified on the basis of its 
electrophysiologic behavior. In fact, it is characterized 
by a progressive reduction in amplitude until it disap
pears with atrial incremental pacing (Fig. 1). 

This potential may be generally recorded in the 
posterior third of the septum, but it can sometimes al
so be recorded more anteriorly, up to the His bundle 
region. In order to minimize the risk of A V block, RF 
energy should be delivered in the most posterior re
gion, in which the earliest slow potential is recorded. 

When the potential is recorded more posteriorly it 
is sometimes sharper and very close to the atrial elec-

trogram and thus difficult to recognize. Its true identity 
must be established using atrial pacing. With atrial 
pacing the potential is delayed and well separated 
from the atrium; with a further increase in the atrial 
pacing rate, the amplitude of the potential decreases. 

The two potentials can be recorded simultaneously 
in the same patient in the posterior part of the septum: 
one, the sharp potential, more posteriorly and the oth
er, the slow potential, slightly more anteriorly (Fig. 2). 
Sometimes, near the coronary sinus ostium, an over
lapping zone where both the potentials can be record
ed is present. This overlap zone has been well demon
strated by McGuire (12) using high-resolution map
ping of Koch's triangle with 60 electrodes during open 
heart surgery in humans with A VNRT. 

The origin and the significance of these two poten
tials is not completely clear, and investigations have 
been performed by experimenter electrophysiologists. 
Several hypotheses have been suggested. Racker (13, 
14), using isolated canine heart preparation, suggested 
the presence of an atrionodal bundle, forming a 
sinoventricular conduction system with anterior and 
posterior A V nodal inputs. The posterior is formed by 
the medial and lateral internodal bundle converging in 
the proximal A V bundle. At the level of the proximal 
A V bundle, it was also possible to record a slow poten
tial, which Racker called the P potential. In her paper 
published in 1993 (14), she proposed that the slow po
tential recorded in humans may represent the activa
tion of the proximal A V bundle recorded in dogs, 
while the sharp potential may be the expression of the 
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Fig. 1. The slow potential (arrow) is recorded close to the atrial electrogram during sinus rhythm. During incremental atrial pacing the slow po
tential progressively decreases in amplitude, and it moves later in the atrioventricular (A V) interval until it disappears 
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Fig. 2. Simultaneous recordings of the two different slow-pathway potentials using two catheters in a patient. ABLI records the slow potential 
(slow) described by Haissaguerre et al. (8), while the ABL2 catheter shows the sharp potential (1) following a low-amplitude atrium described 
by Jackman et al. (11). HRA , high right atrium; HBE, his bundle electrogram; CS, coronary sinus. On the right, a schematic view in 30° degree 
right anterior oblique (RAO) projection of the sites where the slow pathway potentials were recorded. I, the catheter position recording the 
"slow potential" (ABL1) ; 2, the catheter recording the "sharp potential" (ABL2). CS, coronary sinus ostium; TV, tricuspid valve 

lateral atrionodal bundle lying in the low posterior 
septum. However, a recent study (15) showed that the 
concept of insulated atrionodal tracts has no morpho
logic basis in humans. 

A different explanation was proposed by De 
Bakker (16). He showed that it was possible to record 
a slow potential between the atrium and the ventricle 
in the midseptal zone in human and in pig hearts and 
stated that slow potentials arise from transitional cells 
and have action potentials similar to nodal cells. 

In a more recent paper, McGuire (17) showed that 
it was possible to record potentials such as the slow po
tential in the midseptal and posterior zones, while po
tentials such as the sharp potential were recorded 
more posteriorly. Intracellular recordings in the area 
where slow potentials were recorded showed an activa
tion potential similar to that recorded in the A V nodal 
cells. In contrast, intracellular recordings in the zone 
where the sharp potentials were recorded showed an 
activation potential similar to that recorded in com
mon atrial fibers. 

McGuire explained the different significance of 
the two potentials, suggesting that the slow potential is 
due to a band of nodal-type cells close to the tricuspid 
annulus and not belonging to the compact A V node. 
These cells may represent the substrate of the slow A V 
nodal pathway; in contrast, the sharp potential may be 
caused by asynchronous activation of muscle bundles 
above and below the coronary sinus ostium. 

Whatever their significance, the use of slow or 
sharp potentials as markers for slow pathway ablation 
in clinical practice allows us to obtain a high success 
rate with few RF pulses and a very low risk of com
plete A V block. 

We performed 253 slow-pathway catheter abla-
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tions in A VNRT using the slow potential as guide for 
locating the ablation site; the success rate was 99%, 
and there was only one case of complete A V block 
(0.4%). No other complications occurred. Similar re
sults were obtained both by Haissaguerre, using the 
slow-potential technique, and by Jackman, using the 
sharp potential as a guide for RF energy delivery. 

Only one RF pulse was delivered in about 60% of 
the A VNRT RF catheter ablations performed by these 
authors and ourselves, using an electrophysiologic 
marker (either the slow or sharp potential) for slow 
pathway ablation. It is important to remember that an 
RF pulse creates a lesion 4-5 mm wide and 3-4 mm 
deep; therefore, it is obvious that the fewer the lesions 
are, the less the damage. 

Conclusions 

The advent of catheter ablation of A VNRT has 
showed that the reentrant circuit of A VNRT is not 
completely located inside the compact A V node, but 
part of it also involves perinodal atrial myocardium. 
Selective catheter ablation of either the slow or fast 
pathway can be performed. The ablation of the slow 
pathway is associated with a lower risk of A V block 
than the fast pathway ablation, since the RF is applied 
in the posterior zone of the septum, which is more dis
tant from the His bundle and the compact A V node 
than the ablation site for fast pathway ablation. 

In Koch's triangle, two different potentials were 
recorded and used as guides in slow-pathway RF abla
tion. They differ in their anatomical location, morphol
ogy, and electrophysiologic characteristics and signifi
cance. These two potentials are recorded in the poste-



rior part of Koch's triangle. The sharp potential is 
more posterior and the slow potential slightly more an
terior. However, an overlap zone may be present. The 
sharp potential is a high-frequency deflection follow
ing a low-amplitude atrium, while the slow potential is 
a slow deflection following a large atrium. The slow 
potential changes with atrial pacing, while the sharp 
potential is not influenced by the pacing rate. The slow 
potential may be the expression of transitional cell ac
tivation, while the sharp potential may be the expres
sion of the atrial insertion of the slow pathway. 

Using electrogram-guided approaches in slow
pathway RF ablation for the treatment of A V junc
tional reciprocating tachycardia, it is possible to 
achieve a high success rate with few A V blocks, fewer 
RF pulses, and therefore less myocardial damage than 
using a purely anatomical approach. Accurate knowl
edge of the anatomical region where these potentials 
can be found and of the validation techniques is 
mandatory in order to achieve good results. 
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Atrioventricular (A V) node reentrant tachycardia 
(AVNRT) is the most common cause of paroxysmal 
supraventricular tachycardia (1). Many electrophysio
logic data suggest that the reentry circuit in A VNRT 
contains, as its critical components, a "fast" A V nodal 
pathway connecting the atrium to the His bundle and a 
"slow" pathway with a longer conduction time (1, 2). 
In the common variety (slow-fast), AVNRT the slow 
pathway provides the anterograde limb of the circuit 
and the fast pathway the retrograde limb. In the un
common variety (fast-slow) the fast pathway provides 
the anterograde limb of the circuit and the slow path
way the retrograde limb. 

A VNRT can be eliminated by radiofrequency 
catheter ablation damaging both the "fast" and the 
"slow" pathways (3-18). 

Fast pathway ablation can be performed in the an
terior septum by withdrawing the catheter about 1 cm 
from the His bundle position. Slow pathway ablation 
can be performed in the posterior aspect of Koch's tri
angle along the septal insertion of tricuspid valve. Two 
main approaches are described. In the anatomical ap
proach, energy is serially delivered along the tricuspid 
annulus starting at the posterior/inferior aspect of the 
right interatrial septum adjacent to the coronary sinus 
ostium. In the electrogram mapping approach, energy 
delivery is guided by the recording of sharp (Jackman) 
or slow (Haissaguerre) potentials. Jackman potentials 
are generally recorded in a more posterior and inferior 
position than Haissaguerre potentials. 

The results obtained using these techniques are 
impressive, with a high success rate and a low inci
dence of complications and recurrences. Results are 
slightly better in the slow pathway ablation than in the 
fast pathway ablation. In a meta-analysis we calculated 
(14, 15) a success rate of 95% versus 83%, a recur
rence rate of 4% versus 16%, and an incidence of per
manent AV block of 0.7% versus 8% in slow-pathway 
and fast-pathway ablation, respectively. 

In this report we will discuss the results of ablation 
of both the fast and slow pathway and the predictors of 
acute and late success. The discussion will be based on 
our personal experience and on published data. 
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Personal Experience 

From April 1990 to April 1995, we treated 110 pa
tients; 108 of them had the common and two had the 
uncommon variety of A VNRT. Patients had suffered 
from palpitations for 20 ± 12 years, had 20 ± 20 
episodes per year, and had tried 2 ± 2 drug trials. In 
the majority of patients, A VNRT was documented 
with standard electrocardiogram. Seven patients also 
had electrocardiographic documentation of clinical 
atrial fibrillation. 

Thirty-two patients underwent fast- and 82 pa
tients slow-pathway ablation. Four patients had slow
pathway ablation after an unsuccessful (two cases) or 
only transiently successful (two cases) attempt at fast
pathway ablation. 

Fast pathway ablation was performed on the basis 
of an anatomical approach. Distal electrodes of the ab
lation catheter were initially positioned at the His bun
dle region to obtain a bipolar recording of His bundle 
deflection. The catheter was then withdrawn until it 
recorded an atrial (A) deflection that was at least as 
large as the ventricular (V) deflection (A/V greater 
than 1) along with the smallest (less than 0.1 mY) or 
no His bundle potential. During applications of ra
diofrequency energy, the surface electrocardiogram 
was continuously monitored for the P-R interval pro
longation and/or occurrence of A V block. During each 
ablation attempt, the application of radiofrequency 
current was immediately terminated if blocked P 
waves or impedance rise were noted. 

Slow pathway ablation was performed on the basis 
of a combined anatomical and electrogram mapping 
approach. Using the right anterior oblique fluoroscop
ic view, the ablation catheter was initially positioned in 
the His bundle region. The catheter was then slowly 
withdrawn along the tricuspid septal leaflet down to 
the most posterior/inferior aspect of interatrial septum 
adjacent to the coronary sinus ostium (site P) in a site 
where the A to V electrogram ratio was 0.1 - 0.5 (7, 
16). At such a site, Jackman or Haissaguerre potentials 
were carefully sought by slightly moving the catheter 
tip. Energy was delivered where Jackman or Haissa-



guerre potentials were recorded. If such potentials 
could not be identified, energy was nevertheless still 
delivered. After every energy delivery the inducibility 
of A VNRT was tested. In the case of repeated failure 
(generally after two to three attempts) to the P-site, 
the catheter tip was progressively moved along the 
septal leaflet of the tricuspid valve (A to V ratio of 
0.1-0.5) to more anterior sites up to the midseptum 
(M-site ). 

Acute success was defined when AVNRT was no 
longer inducible. For fast pathway ablation, the aboli
tion of fast retrograde conduction was also required. 
Acute success was obtained in 87.5% of patients (28 of 
32) undergoing fast pathway ablation (Table 1) and in 
98% of patients (81 of 82) undergoing slow-pathway 
ablation. The cumulative success rate was 97% (107 of 
110). 

Transient II-III degree A V block was observed in 
28% of fast pathway ablations (9 of 32) and in 0% of 
slow-pathway ablations (0 of 82). In all cases A V con
duction was spontaneously restored within 1 min and 
1:1 conduction was present at the end of the proce
dure. One patient had an hemopericardium related to 
the perforation of the right ventricle provoked by a 
catheter positioned in the right ventricle. The hemo
pericardium was percutaneously drained. 

Patients were followed up for 26 ± 18 months 
(range, 1-60 months). During follow up, AVNRT re
curred in 32% of patients (nine of 28) who had an 
acute successful fast-pathway ablation and in 9% of 
patients (eight of 81) who had an acute successful 
slow-pathway ablation. All recurrences occurred in pa
tients treated before February 1994. A second proce
dure was performed in ten out of 17 patients (in five 
patients on the fast pathway and in five patients on the 
slow pathway). In all cases the second procedure was 
successful. At the end of follow-up, 92% of patients 
(101 of 110) are asymptomtic without drugs; 8% (nine 
of 110) are asymptomatic with drugs or continue to 
have symptoms. All patients who previously had both 
A VNRT and atrial fibrillation were successfully ablat
ed and became asymptomatic without drugs. 

One patient who underwent the fast-pathway abla
tion developed a complete A V block 3 days after the 
procedure; this required a pacemaker implantation. 

Table 1. Ablation of the fast pathway; early results in 28 patients 
successfully treated 

Baseline After radiofrequency 
(ms) (ms) 

SCL 700 ± 87 617 ± 67 NS 
AH 60±20 120 ± 55 p<0.002 
AVN-WCL 311 ± 46 330 ± 38 NS 
DualAVN Yes 93% 33% 

No 7% 67% 
HV 44±4 44±4 NS 
Fast V-A conduction 

No 0% 59% 
Yes 100% 41% 

RAVN-WCL 285 ± 38 444 ± 102 

SCL, sinus cycle length; AH. atrial-His interval; AVN-WCL. AVN 
Wenckebach cycle length; Dual AVN. dual AVN physiology; HV. 
His-ventricle interval; RAVN-WCL. retrograde AVN-Wencke
back cycle length. 
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Fast-Pathway Ablation: Predictors of Acute and Late 
Success 

Fast-pathway ablation is generally performed on the 
basis of an anatomical approach, as previously de
scribed. Some authors (6) prefer to map the Koch tri
angle during A VNRT and to deliver the energy to the 
site where the earliest atrial activation during A VNRT 
occurs. No particular potential is generally sought to 
identify target sites. We analyzed the endocardial elec
trogram recorded at the site where energy was deliv
ered in 25 patients. A total of 137 electrograms were 
analyzed: 25 were recorded at sites where ablation was 
successful (both acute and late; S sites), 46 were 
recorded at sites where ablation was transiently suc
cessful (TS sites) and 66 were recorded at sites where 
ablation was unsuccessful (U sites). A slow potential 
following the sharp atrial potential was observed in 
84 % of S sites (21 of 25), in 85 % of TS sites (41 of 46), 
and in 45.5% of U sites (30 of 66) (S sites versus U 
sites, p < 0.01). 

The occurrence of an active junctional rhythm and 
the prolongation of the P-R interval are generally con
sidered good predictors of a successful ablation. In our 
series, an active junctional rhythm during radiofre
quency delivery was observed in 72% of S sites (18 of 
25), in 54% of TS sites (25 of 46), and in 25% of U 
sites (17 of 66), (S sites versus U sites, p < 0.001). The 
increase of atrial-His (AH) interval occurred both in 
patients with definite success (S patients) and in pa
tients with transient acute success (TS patients) or with 
unsuccessful ablation (U patients). However, the in
crease in the AH interval (delta AH) was more pro
nounced in S patients than in TS patients (83 ± 58 ms 
versus 52 ± 32 ms) or U patients ( 83 ± 58 ms versus 25 
± 23 ms, p < 0.05). Retrograde fast conduction was 
abolished by ablation both in S patients and in TS pa
tients, while it remained in U patients. During follow
up P-R and AH intervals frequently decreased. In 24 
patients we repeated the electrophysiologic study 
(EPS) 2-4 months after the procedure. Three groups 
were identified: group I (12 S patients), group II (sev
en TS patients), and group III (five U patients). In the 
three groups, the number of radiofrequency pulses 
were 4.4 ± 5, 6 ± 5, and 17 ± 7, respectively (group I 
versus group II, p = NS; group III versus group I and 
II, p < 0.001), while the total time duration of energy 
delivery was 120 ± 154s, 174 ± 100s, and 510 ± 358s, re
spectively (group I versus group II, p = NS; group III 
versus group I and II,p < 0.01). The main electrophysi
ologic parameters obtained during EPS I (basal), EPS 
II (soon after ablation), and EPS III (follow-up) in 
each group are listed in Table 2. In particular, the fol
lowing data are worth emphasizing: 
1. In most cases AH interval decreased during follow 
up, but in four cases in group I, in two cases in group 
II, and in two cases in group III the AH interval in
creased. Furthermore, one patient in group I devel
oped a complete A V block. 
2. The majority of patients in groups I and II lost the 
dual A VN physiology soon after ablation. During fol
low up six out of seven patients in group II resumed a 
dual A VN physiology. 
3. Fast retrograde conduction was abolished soon after 



Table 2. Main electrophysiologic data before ablation (EPS I), soon after ablation (EPS II) and during follow-up (EPS Ill) in three groups: I 
(successful ablation; n = 12), II (transiently successful ablation; n = 7), and III (unsuccessful ablation; n = 5) 

Group SRCL' AVNRT AVNRT AH' DUAL AWp' RWp' 
CL VA AVN'(n) 

EPS I 760 ± 160* 380 ± 61 20 ± 25 64 ± 26*** 10 176 ± 37** 187 ± 43* 
EPS II 707 ± 155* 147 ± 62** 2 164 ± 34** 118 ± 32** 
EPS III 800 ± 130 140 ± 72 3 173 ± 43 108 ± 25 

II EPS I 790 ± 153* 398 ± 77 13 ± 24 60 ± 17**** 7 174 ± 52** 175 ± 43** 
EPS II 710 ± 125* 112 ± 34** 1 160 ± 33** 127 ± 39** 
EPS III 830 ± 130 408 ± 72 17 ± 28 104 ± 38 6 170 ± 45 170 ± 33 

III EPS I 795 ± 130** 380 ± 48** 24 ± 31** 55 ± 13** 4 176 ± 27** 200 ± 37** 
EPS II 770 ± 120* 381 ± 51 ** 28 ± 35** 80 ± 25** 4 162 ± 27** 176 ± 34** 
EPS III 905 ± 120 374 ± 39 24 ± 31 80 ± 23 4 170 ± 45 184 ± 27 

SR CL, sinus rhythm cycle length; A VNRT, atrioventricular node reentrant tachycardia; A VNRT CL, cycle length of the A VN RT; A VNRT 
VA, V-A interval during AVNRT; Dual A VN, dual AVN physiology; AWp., anterograde Wenckebach period; R.Wp., lowest ventricular 
pacing rate at which interruption of V A 1:1 conduction occurred; AH, atrial-His interval. 
"Mean values in group 1 are calculated in 11 cases, excluding the patient who developed a complete atrioventricular (A V) block during follow
up. 
* p < 0.01 
** Not significant 
*** p < 0.001 
**** P < 0.005 

ablation in groups I and II. During follow-up in group 
I, seven out of 12 patients had no modifications of A V 
node retrograde conduction properties; three had a 
worsening of retrograde conduction (two of them lost 
the retrograde conduction which was present soon af
ter ablation along a slow pathway); two patients in 
whom a complete ventriculoatrial (VA) block was doc
umented soon after ablation had a recovery of the ret
rograde conduction over a slow pathway. In all pa
tients with transiently effective success (group II), the 
fast pathway retrograde conduction recovered during 
follow-up. In patients with ineffective ablation (group 
III), no modification was observed. 

All these data suggest a series of considerations. 
First, the increase in the P-R (AH) interval following 
the fast pathway ablation cannot be explained only on 
the basis of a shifting of the anterograde conduction 
from a fast to a slow pathway. It depends also on tran
sient or permanent damage of the A V node. In fact, the 
increase in the AH interval was observed both in pa
tients with effective fast-pathway ablation and with inef
fective fast-pathway ablation. Furthermore, in patients 
with successful ablation, the increase in the AH interval 
ranged from a few milliseconds to more than 200 ms. Fi
nally, during follow-up the behavior of anterograde and 
retrograde conduction properties could be different: in 
patients with effective ablation, while retrograde fast 
pathway conduction remained abolished, the AH inter
val frequently decreased. In contrast, in patients with 
transiently effective ablation despite the full recovery of 
the retrograde conduction over the fast pathway the 
AH interval remained significantly prolonged with re
spect to the basal state. An alternative explanation to 
damage of the A V node provoked by radiofrequency 
could be the existence of more than one fast pathway 
and/or of distinct fast fibers used for anterograde and 
retrograde conduction. Transient edema is the most 
likely cause of electrophysiologic modifications recover
ing during follow-up. The possible progressive worsen
ing of anterograde and/or retrograde conduction prop
erties (leading in one case to a complete total A V 
block) can be explained with healing. 
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From a practical point of view, our data suggest 
that the recording of a slow atrial potential is useful to 
identify the target site of ablation. The occurrence of a 
junctional rhythm is a good marker of definite or tran
sient success. The success of ablation cannot be pre
dicted, either soon after the delivery of energy or dur
ing follow-up, by the prolongation of the P-R and the 
AH interval. As anterograde conduction can worsen 
over time, a careful monitoring of the P-R interval 
during follow-up is recommended. 

Slow-Pathway Ablation: Predictors of Acute and Late 
Success 

Two approaches for ablating the slow pathway of 
AVNRT have been described. In one approach, the in
tracardiac electrogram configuration is used to identify 
target sites for ablation of the slow A V node pathway; 
in the other approach, target sites are identified pri
marily on an anatomical basis. Many studies have 
shown that both approaches for ablating the slow A V 
node pathway are safe and effective. Furthermore, 
some authors comparing the two methods in a random 
fashion suggest that the two approaches are compara
ble in efficacy and duration. 

We use a combined anatomical and electrogram 
mapping approach, as previously described. We serial
ly deliver the energy along the tricuspid anulus, start
ing at the posterior/inferior aspect of the right intera
trial septum adjacent to the coronary sinus ostium. We 
carefully search for Jackman or Haissaguerre poten
tials by slightly moving the catheter tip. We prefer to 
deliver the energy where Jackman or Haissaguerre po
tentials are recorded. However, if their recognition is 
not possible a simple anatomical approach is em
ployed. 

In 59 patients we analyzed 369 electrograms 
recorded in 59 successful sites (S sites), 53 transiently 
successful sites (TS sites), and in 257 unsuccessful sites 
(U sites). A Jackman potential was recorded in 49% of 
S sites (29 of 59), in 45% of TS sites (24 of 53), and in 



34% of U sites (88 of 257) (p = NS). A Haissaguerre 
potential was recorded in 35% of S sites (21 of 59), in 
37% of TS sites (20 of 53), and in 24 % of U sites (61 of 
257) (p = NS). An active junctional rhythm was ob
served during energy delivery in 75 % of S sites (44 of 
59), in 51 % of TS sites (27 of 53), and in 14% of U 
sites (35 of 257) (S and TS sites versus U sites, p < 
0.0001). The positive predictive value of Jackman po
tentials regarding definite or transient success was 
37.5% (53 of 141). The positive predictive value of 
Haissaguerre potential was 40% (41 of 102). The posi
tive predictive value of active junctional rhythm re
garding definite or transient success was 67% (71 of 
106). 

According to some authors (8, 13, 17) our own da
ta suggest that the recording of a slow-pathway poten
tial (Jackman or Haissaguerre potential) can be help
ful in identifying a successful target site, but that its 
presence is not required for successful ablation of the 
slow pathway. Furthermore, the recording of such a 
potential is not a certain predictor of successful abla
tion. In contrast, the occurrence of an active junctional 
rhythm seems to have a good predictive value regard
ing definite or transient success of the procedure. 

The modifications of A V node electrophysiologic 
properties after an acute successful ablation of the 
slow pathway are less impressive than ablation of the 
fast pathway. In particular, after ablation of the slow 
pathway anterograde A V intervals do not change and 
retrograde conduction properties are not modified. 
The discontinuous A V conduction curve (typical of 
dual A V nodal pathways) is frequently no longer ob
served after ablation of the slow pathway. In many cas
es, however, despite AVNRT no longer being in
ducible, the discontinuous A V conduction curve per
sists and echo beats are observed. Some authors (14) 
suggest that recurrence of A VNRT is more frequent in 
patients in whom A V node duality persists after abla
tion. We analyzed the A V node conduction curves 
(AIA2 versus A2H2) before and after acute successful 
ablation of the slow pathway in 48 patients. Three 
types of behavior were identified (Table 3). In 27 pa
tients (56%) A V node duality was no longer observed 
after ablation (type 1); in 13 patients (27%) before and 
after ablation A V node conduction curves were similar 
(type 2); in five patients (10%) a discontinuous A V 
node conduction curve was present after ablation but 
the second part of the curve showed a significant in
crease (60-200 ms) of A2H2 intervals with respect to 
the basal curve (type 3). Three patients were not clas
sified. The A VN ERP significantly increased in type 1, 
while it did not change in types 2 and 3. The A VN an-

Table 3. Ablation of the slow pathway. Early results 

Type 

Type 1 

Type 2 

Type 3 

Ablation 
(%) (n) 

56 27 

27 13 

10 5 

Total Result 
(n) 

48 Abolition of the anterograde con-
duction over the slow pathway 

48 Persistence of the anterograde 
conduction over the slow pathway 

48 Appearance after ablation of a 
"very slow pathway" anterograde-
ly conducting 
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Table 4. Electrophysiologic modifications after the ablation of the 
slow pathway 

Type 1 Type 2 Type 3 

Dual AVnode 0% 100% 100% 
Delta "jump" (ms) -9±27 +76 ± 76* 
Delta AH (ms) 0 0 0 
Delta AVN ERP (ms) +52 ± 51* +5 ± 17 +2±20 
Delta anterograde WP 

(beats/min) -25 ± 29* -18 ±19 -40 ± 18* 
Delta retrograde WP 

(beats/min) 0 0 0 

* p < 0.01 
AV, atrioventricular; AVN, AV node; ERP, effective refractory 
period; WP, Wenckebach period 

terograde Wenckebach period significantly decreased 
in types 1 and 3 (Table 4). Type 1 is easily explained by 
the abolition of the anterograde conduction over the 
slow ·pathway. Type 2 is consistent with the persistence 
of the anterograde conduction over the slow pathway, 
while the noninducibility of A VNRT is probably relat
ed to lesions of atrial muscle surrounding the A V 
node. Type 3 suggests the appearance after ablation of 
a "very slow pathway." The latter can be the result of 
damage to the slow pathway or of the disclosure of a 
third very slow pathway which was concealed by the 
slow pathway. 

The three different types of behaviors in our series 
were not associated with significantly different recur
rence rates (three of 27, one of 13, and one of five re
spectively, p = NS). 

Conclusions 

Radiofrequency ablation of both the fast and slow 
pathway is effective in curing patients with A VNRT. 
Slow-pathway ablation appears to be slightly more ef
fective than fast-pathway ablation. The risk of perma
nent A V block is low but it is significantly higher dur
ing fast-pathway ablation. For all these reasons, slow
pathway ablation seems to be preferable at the present 
time. 

On the basis of available data slow pathway abla
tion should be performed using a combined anatomical 
and electrogram mapping approach. The target of ab
lation is the noninducibility of A VNRT. As recurrence 
seems to be more frequent in patients in whom resid
ual slow-pathway conduction persists after ablation, 
the slow-pathway conduction should be abolished if 
possible . However, tenacity in pursuing this end point 
by delivering energy in many different atrial sites 
should be tempered by the increasing risk of inadver
tent A V block and by our ignorance about the long
term effects of radiofrequency current on the late de
velopment of A V block. 
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Surface Electrocardiogram in Ventricular Pre-excitation: How Reliable Is It To 
Locate the Site of Accessory Pathway? 
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It is estimated that about 3-4/1000 individuals are born 
with accessory pathway. These patients may have an
terograde manifest conduction and hence show ven
tricular pre-excitation with short PR interval and delta 
waves (WPW electrocardiographic pattern). In some 
cases the accessory pathway may be concealed, mani
festing only retrograde conduction over this tract. If 
so, the electrocardiogram is normal. In 5%-10% of se
ries, multiple accessory pathways have been described. 

Approximately 65% of accessory pathways are 
found on the left free wall, approximately 25% are 
septal and the remainder are on the right free wall. 
Left free wall accessory pathways may be located all 
around the mitral annulus anteriorly, laterally, or pos
teriorly. Septal accessory pathways may be located 
posteriorly near the ostium of coronary sinus or within 
the os of the coronary sinus (posteroseptal accessory 
pathways), anteriorly near the His bundle (anterosep
tal accessory pathways) or between the His bundle and 
the os of coronary sinus (midseptal accessory path
ways). Right free wall accessory pathways may be lo
cated all around the tricuspid annulus anteriorly, later
ally, or posteriorly. 

Ventricular pre-excitation is similar to a prema
ture ventricular beat that originates in the area where 
Kent's bundle is connected to the ventricle, but has the 
features of the summation beat, whereby the earlier 
the pre-excitation of Kent's bundle occurs in compari
son with the normal atrio-ventricular node activation 
the greater the initial anomalous ventricular activation 
will be. The analysis of anomalous activation becomes 
more complicated if multiple pre-excitation pathways 
are involved simultaneously. 

The semiology of electrocardiographic and vector
cardiographic localization of Kent's bundle was initial
ly based on the analysis of autopsy findings, and later 
on surgical findings in patients undergoing section of 
the anomalous pathway. More recently, it has been 
based on the electrophysiologic mapping performed in 
patients undergoing catheter ablation. 

The first attempt at classifying Wolff-Parkinson
White (WPW) syndrome was made in 1945 (1) by 
Rosenbaum et al. of Wilson's group on the basis of the 

181 

morphology of the QRS in the right precordial leads. 
They classified WPW as type A when the QRS in V1-

V2 derivations was predominantly positive, and as type 
B when it was predominantly negative. The merit of 
this classification lies not only in the fact that it was the 
first and that it broadly distinguished between pre-ex
citation from the two ventricles, but also in the realiza
tion that the first precordial derivations consituted the 
main analytical key. Rosenbaum's classification was of 
course limited in that it indicated only an approximate 
location in one of the two ventricles. More important
ly, it failed to pick out anomalous septal and parasep
tal pathways. 

Modern electrocardiographic (EeG) classifica
tions are based on the results of electrophysiologic 
mapping, performed prior to surgical or transcatheter 
ablation, or on the results of ablation itself. These clas
sifications now no longer have a merely semantic pur
pose; they also serve to guide the operator with regard 
to mapping techinque and the possible difficulties that 
may be encountered if ablation is undertaken. 

The classification suggested by Milstein and col
leagues (2), which is based on intraoperative mapping, 
is commonly used, as it is very simple. According to 
this classification, the anomalous pathways are divided 
into four types: left lateral (free wall of the left ventri
cle), posterior para septal (right or left lower intraven
tricular septum), anteroseptal (node-His bundle re
gion), and right lateral (free wall of the right ventricle). 
Initial analysis is based especially on the peripheral 
leads: 

1. If the delta wave is negative or isoelectric in 0 1 

a V L or Vo, Kent's bundle is left lateral. There is one 
exception to this: if the QRS has the appearance of 
left-branch block. Kent's bundle is right anteroseptal. 

2. If delta wave is positive in O2 a V L or V6, analysis 
of 0,,03, and VF must be performed. If the delta wave 
is negative or isoelectric in at least two of these deriva
tions, there are two possibilities: either posterior 
paraseptal Kent's bundle if at least one of the first 
three precordial derivations has an RS or RS morphol
ogy (e.g., QS in VI and RS in V,) or right lateral Kent's 
bundle if the QRS is predominantly negative from VI 



to V 3' If a diagnosis has not yet been reached after this 
step, it should be ascertained whether the QRS is left
branch-block type. If so, Kent's bundle is right an
teroseptal when the aQRS is greater than +30°; if it is 
not left-branch-block type, but VI or V, is predomi
nantly positive, Kent's bundle is left lateral. If even 
this information is lacking, the location of the anom
alous pathway will remain undetermined. 

Milstein's classification has limits in that it does 
not indicate midseptal pathways, does not distinguish 
between left and right posteroseptal pathways, and 
fails to provide precise indications about other loca
tions. Attempts to overcome these limitations were 
made by Fitzpatrick and colleagues (3) and by Ro
driguez and colleagues (4) on the basis of the results of 
radiofrequency ablation. Returning to Rosenbaum's 
analysis, these authors reexamined the first precordial 
leads and concluded that: (a) if the transition of the QRS 
is in VI or to the right of V" thus with predominantly 
positive complexes on the first precordial leads, Kent's 
bundle is on the left; (b) if the transition is beyond V2, 

thus with QRS predominantly negative on the first pre
cordials, Kent's bundle is on the right; (c) if the transi
tion is in V2 or between VI and V" the Dl lead opens to 
two possibilities: Kent's bundle is on the left if, in the lat
ter lead, R is less than S or greater than S by no more 
than 1 m V; otherwise, Kent's bundle is on the right. 

In this way, the left or right location becomes de
finitive; more precise indications can then be obtained 
from further analysis of the surface ECG. Regarding 
Kent's bundles on the left, when the aQRS is directed 
downward and the sum of polarities of the QRS in D2 , 

D3 and a VF is ~ +2, or if the S wave is greater than R 
wave in a VL , the location is anterolateral; if, however, 
this is not the case, and if R wave is greater than S 
wave in Dl by more than 0.8 m V and the sum of delta 
wave polarities in D2, D" and a VF is negative, Kent's 
bundle is posteroseptal. If even this combination is ab
sent, the location of the Kent's bundle on the left is 
posterolateral. Regarding Kent's bundle on the right, if 
the transition does not go beyond V" or between V3 
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and V4 and has a delta wave in D, of 1 mY, the loca
tion is septal. In this case, if the sum of polarities in D" 
D3 and a V F is ~ +2, the location is anteroseptal; if it 
is ~ -2, the location is posteroseptal; if the sum of po
larities is between -1 and + 1, the location is midseptal. 

If the transition is further to the left (at least in V4), 

or between V3 and V4 with a delta wave in D, of 1 m V, 
the location is in the right lateral wall. Here, an antero
lateral position can be determined if the delta wave 
frontal axis is ~ 0° or if an R wave in lead D3 is present; 
if, however, the delta wave frontal axis is less than 0° or 
if the delta wave in D3 is isoelectric or negative, a pos
terolaterallocation can be determined. 

The algorithm of Fitzpatrick and Rodriguez offers 
the advantage of being very detailed, but also the dis
advantage of being rather complex and difficult to 
memorize. Depending on the location, the sensitivity 
of the criteria ranges from 71.4% to 100% and the 
specificity from 71 % to 100%. The most difficult dif
ferential diagnoses are reported to be those between 
right posteroseptal and right midseptal pathways (sen
sitivity, 76.5%; specificity, 71 %) and those between 
left posterior and left posterolateral paraseptal path
ways (sensitivity, 71.4%; specificity, 100%). 
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Introdnction 

In 1968, successful surgical division of an accessory 
atrioventricular (A V) connection in a patient with 
Wolff-Parkinson -White syndrome was first reported 
(1). This ushered in the era of ablative therapy for 
arrhythmias. The rationale of ablation is that irreversi
ble alteration can be brought on to a discrete anatomi
cal substrate responsible for arrhythmia generation 
and/or perpetuation. 

The next technique using the same rationale was 
high-voltage direct current catheter ablation (2,3). This 
closed-chest technique overcame the significant mor
bidity associated with open thoracotomy; however, 
due to the relatively uncontrolled nature of this energy 
form, which produced thermal, electrical, and physical 
injury (barotrauma), concerns were raised about trau
ma to thin-walled structures in the heart such as the 
atrial free wall and the coronary sinus. Alternative 
modalities were therefore pursued, including intracor
onary ethanol infusion (4), laser irradiation (5), cryo
thermy (6), microwave (7), ultrasound (8), and radio
frequency (RF) (9-16) ablation. 

With evolving understanding of anatomical-elec
trophysiologic relationships, improvement of mapping 
techniques, and the introduction of RF ablation cathe
ters with large (4-mm) distal electrode tips, the success 
rate by this technique improved significantly compared 
to that reported in initial experience. Currently, the 
use of RF current catheter ablation has increased dra
matically in patients with supraventricular tachycardia, 
including A V nodal reentrant tachycardia and A V 
reciprocating tachycardia with or without pre-excita
tion, as well as in new subsets of patients, such as those 
with atrial flutter, ectopic atrial tachycardia, and ven
tricular tachycardia. 

Mechanisms of RF Energy-Induced Myocardial Injury 
and Effects on Myocardial Tissue 

The presumed mechanism of myocardial injury in re
sponse to RF current delivery is a thermal one. In addi-
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tion, it has been suggested that the oscillating electro
motive force may exert a direct effect on the myocyte 
sarcolemmal membrane. Thermal coagulation of about 
100 mm3 of the target tissue occurs in response to elec
trode tissue interface temperatures of about 50T or 
more; when temperatures at the electrode tissue inter
face reach or exceed lOOT, the plasma boils at the elec
trode surface and an insulating film of coagulated plas
ma and desiccated tissue forms on the conductive sur
face. Reduction of the effective electrode surface area 
leads to increased current density, more tissue heating, 
more coagulum formation, and finally "breakdown" of 
delivered energy. In clinical practice, early recognition 
of this phenomenon is made possible by impedance 
monitoring; in case a sudden increase of impedance is 
observed during pulse delivery, immediate pulse dis
continuation is mandatory to reduce the risk of throm
bus formation. Anticoagulation with intravenous hep
arin is also performed in most centers to minimize the 
risk of thrombus formation and its complications. 

Four to 5 days after ablation, the center of the le
sion shows complete coagulation necrosis and early 
fatty changes, whereas a discrete border between liv
ing and dead tissue replaces the inflammatory transi
tion zone observed acutely. It is likely that changes 
occurring in the transition zone are, at least in part, 
responsible for late success or late recurrence, depend
ing on the evolution during this phase. By 8 weeks, the 
chronic lesion has been replaced by fibrosis and shows 
evidence of contraction and marked volume loss. The 
border zone of the lesion is well defined without any 
patchy necrosis or islands of viable myocardium. The 
uniform nature and the small volume of the lesion like
ly accounts for the low rate of reported late arrhythmic 
and non arrhythmic complications from RF current 
catheter ablation. 

Efficacy of RF Current Ablation in Patients with 
Accessory Pathways 

Currently, success rates well exceeding 90% are being 
reported by experienced centers for RF current abla-



tion of supraventricular tachycardias secondary to an 
accessory A V pathway. Two prerequisites must be ful
filled to make this strategy successful: first, the precise 
localization of the accessory pathway; recently devel
oped catheter techniques allow, if properly searched 
for, direct recording of accessory pathway activation 
from the distal electrode pair at the tip of the map
ping/ablation catheter (17). RF current delivery to 
sites of accessory pathway activation potential record
ing, expecially if associated with other local electro
gram parameters suggestive of early local activation 
(18), almost always results in immediate conduction 
block within the accessory pathway. Often, very few 
RF current pulses are required to produce accessory 
pathway interruption. This underlines the importance 
of precise mapping technique, as compared to surgical 
approach (1) where extended areas along the A V an
nuli are frequently excised to minimize recurrence. 

Second, the introduction of specially designed 
catheters with steerable tips that can be freely maneu
vered from the outside has allowed easier and more 
precise positioning at any site along the A V annuli. 
The large-tip electrode of these catheters also allows 
delivery of higher energies to the myocardial tissue, 
thus resulting in a significantly higher success rate than 
that reported with small (2-mm) distal electrode tips 
(12). 

Catheter maneuvering under fluoroscopic guid
ance also has important implications for optimizing 
catheter tissue contact and stability over time during 
RF current pulses; this is crucial to maximizing the 
probability of success (19-21). Several techniques have 
been proposed to optimize catheter tissue contact at 
the A V annuli. For left-sided accessory pathways, ei
ther the trans aortic retrograde or the trans septal ap
proach can be safely used with similarly reported effi
cacy (22); in principle, these approaches aim at inter
rupting accessory pathway conduction at the ventricu
lar and atrial insertion site, respectively. Right-sided 
accessory pathways can at times present a challenge to 
the interventional electrophysiologist. A long-term 
success rate for RF current catheter ablation in this set 
of pathways may also exceed 90%, but multiple ses
sions may be required because of a lower success rate 
during the first procedure and a relatively high recur
rence rate. 

Anatomical differences of the tricuspid as opposed 
to the mitral annulus likely account for the difficulties 
encountered in RF current ablation of right-sided 
accessory pathways; they include a larger mappable 
circumference (ca. 12 cm of the tricuspid annulus ver
sus ca. 10 cm of the mitral annulus in the normal 
adult), an annular development less pronounced with 
discontinuities of the fibrous skeleton, a more acute 
angle between the endocardium and the valve leaflet, 
the presence of Ebstein's anomaly or of Mahaim-like 
fibers accounting for about 10% of all right-sided 
accessory pathways, and, most importantly, the ab
sence along the annulus of a conveniently accessible 
venous structure for mapping. In selected cases, the 
right coronary artery may be used to advance properly 
designed catheter electrodes and map along the epicar
dial right A V groove in search of the accessory path
way. 
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Once the accessory pathway has been localized, 
several techniques may be used to maximize catheter 
tissue contact and stability, depending on the target 
site along the tricuspid annulus. In our center, anteros
petal, anterior, and anterolateral accessory pathways 
are most easily accessed using an approach from the 
superior vena cava (entrance either from the internal 
jugular vein or right subclavian vein); accessory path
ways in the right lateral, posterolateral, posterior, pos
teroseptal, and midseptal positions are initially ap
proached using a catheter inserted through the right 
femoral vein and into the inferior vena cava. Addi
tional techniques can be used in selected cases, includ
ing the support of a long sheath embedding the map
ping catheter from the entry site to the inferior vena 
cava opening and a looping technique allowing the 
catheter tip to approach the accessory pathway from 
the sub annular site. 

After successful ablation of an accessory pathway, 
careful monitoring is required before discharge to con
trol the patient's clinical conditions and exclude peri
cardial reaction. During follow-up, recurrence is ob
served in about 5% of patients; repeat procedures are 
generally recommended in such cases and result in 
definitive abolition of the accessory pathway. 

Complication of RF Current Ablation Techniqnes 

General Complications 

The complication rate of RF catheter ablation proce
dures is about 5%; this includes complications related 
to catheter manipulation and to RF current delivery. 
Among these are inadvertent complete A V nodal 
block, pericardial effusion, cardiac tamponade, coro
nary artery spasm or thrombosis, intracavitary throm
bus formation, thromboembolism, pneumothorax, aor
tic wall dissection, local hematoma, and arterovenous 
fistulae. In cooperative reports, the incidence of com
plications was 3.8% in a large American collective (23) 
and 4.4% in the European MERFS survey (24). In the 
latter study, life-threatening complications such as 
tamponade and embolism have been reported in 0.7% 
and 0.6% of cases, respectively. A procedure-related 
death has been occasionally reported in patients 
undergoing RF current ablation. 

Complications Related to the Location of the Accessory 
Pathway 

Inadvertent complete A V nodal block has been re
ported in patients undergoing ablation of accessory 
pathways located in the septal space. Some precau
tions can be used to minimize this risk whenever RF 
current must be delivered in the midseptal or antero
septal region; these include (a) selection of the venous 
access associated with the greatest catheter stability at 
these sites, (b) use of a temperature-controlled mode 
with initial preset values not exceeding 55° -60T, ( c) 
careful monitoring of atrial retrograde conduction if 
junctional ectopic rhythm ensue's during RF current 
applications, with immediate discontinuation of pulse 
delivery in case of a retrograde (ventriculoatrial) 



block, and d) early discontinuation of energy delivery 
for pulses which fail to produce an early accessory 
pathway conduction block. 

Accessory pathways ablated from within the coro
nary sinus or its tributary veins are referred to as epi
cardial accessory pathways; they account for about 5% 
of all left-sided accessory pathways. RF current pulses 
delivered inside the cardiac venous system should be 
titrated at low power (not exceeding 15 W/s) or low 
preset temperature (not exceeding 55 D-60D C). In case 
of a sudden impedance rise during pulse delivery, 
which may not infrequently be observed due to a less 
pronounced cooling effect by the circulating blood in 
this region, immediate pulse discontinuation is manda
tory to minimize the risk of thrombus formation and 
catheter adhesion to the venous wall. Despite these 
safety measures, thrombosis may nevertheless develop, 
leading occasionally to occlusion of the coronary sinus. 
In our experience, this event was never associated with' 
clinical complications and complete recanalization 
could be documented a few days after the procedure. 
Thus far, there are no reports of perforation produced 
by RF current delivered within the cardiac veins lead
ing to pericardial effusion or tamponade. 

Potential Hazards of RF Cnrrent Catheter Ablation 

A potential source of risk to the patient and the inves
tigators performing RF current catheter ablation pro
cedures is the radiation exposure from fluoroscopic 
imaging which is required to guide catheter manipula
tion. The estimated absorbed dose per RF ablation 
procedure in a high volume American center was 2.5 
rem in the breast, 2.0 rem in the active bone marrow, 
and 7.5 rem in the lungs (25). These figures represent a 
lifetime risk of excess malignancies per 1 million pa
tients undergoing 60 minutes fluoroscopy of 150 (only 
females), 120, and 710, respectively (a 0.07% lifetime 
risk of developing a fatal malignancy due to radiation 
exposure). In addition, the risk estimation for autoso
mal dominant abnormalities in the first generation is 5-
35 cases per 1 million liveborn per absorbed rem, and 
the risk for all genetic disorders less than 50 cases per 
million liveborn per absorbed rem. Although difficult 
to be translated to the clinical practice, these estimates 
outline the necessity of minimizing fluoroscopy time 
during RF current catheter ablation procedures with
out reducing efficacy and safety; also, the volume of 
exposed body weight and the lifetime expectancy with 
respect to the effective clinical benefit should be taken 
into account at the time of patient selection. 

In patients in whom RF current delivery in the 
proximity of the A V node is performed to ablate an 
accessory pathway, long term follow-up is recom
mended to evaluate the potential impact of fibrotic le
sions on A V conduction. 

Indications for RF Current Catheter Ablation of 
Accessory Pathways 

RF energy is currently the source of choice for abla
tion of accessory A V pathways. It is highly effective 
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and carries a low risk. Owing to these properties, it has 
been proposed as a therapy in patients with incessant 
or drug-refractory tachycardias mediated by an acces
sory pathway and in symptomatic patients who refuse 
lifelong drug therapy (23). In asymptomatic patients 
with Wolff-Parkins on-White syndrome, the decision to 
ablate the accessory pathway should be an individual 
one, based on electrophysiologic data, type of occupa
tion or physical activities of the patient, and the pa
tient's personal motivation. In children, the benefits of 
this therapy should be carefully counterbalanced with 
the risks related to complications and fluoroscopy 
exposure, taking into account the not infrequent disap
pearance of the accessory pathway during growth (26); 
at our center, patients younger than 4 years of age or 
with a body weight lower than 50 kg are candidates for 
accessory pathway ablation only in case of incessant or 
drug refractory tachycardias in the presence of left 
ventricular dysfunction, or impaired growth. 

RF Current Catheter Ablation as the Therapy of 
Choice in Patients with Reciprocating A V 
Tachycardia? 

It has been estimated that the risk of sudden death in 
asymptomatic patients with Wolff-Parkinson-White 
syndrome is about 0.1 % per patient-year (27); this fig
ure may increase to 0.56% per patient-year in patients 
with an accessory pathway capable of rapid conduction 
during atrial fibrillation. Sudden death may be the first 
manifestation of Wolff-Parkinson-White syndrome in 
25% of cases (28). In addition, in about 10% of sudden 
arrhythmic deaths in young people with an apparently 
normal heart who have never undergone a clinical 
investigation, histologic examination may disclose a 
substrate consistent with pre-excitation (29). An elec
trophysiologic investigation helps to identify those pa
tients at low risk of ventricular fibrillation and should 
be performed routinely in patients with Wolff-Parkin
son-White syndrome. This procedure carries an inher
ent risk of complication and in experienced centers the 
possibility of concomitant cure by means of RF current 
ablation is offered to the patient during the same ses
sion. Transesophageal electrophysiologic study is used 
as a surrogate of the intracavitary diagnostic procedure 
in some centers. 

Antiarrhythmic drug therapy has long been used 
in the chronic treatment of patients with reciprocating 
A V tachycardia. The clinical efficacy of these agents in 
highly symptomatic patients ranges between 70% and 
100%, although only about 50% of them become 
asymptomatic (30). In addition, antiarrhythmic drug 
therapy is associated with a 3%-34% risk of proar
rhythmia, which at times may be fatal (31-34). Also, 
the use of these drugs does not necessarily prevent 
sudden death in patients with Wolff-Parkinson-White 
syndrome (28). Additional organ toxicity is seen with 
all antiarrhythmic agents and has an incidence as high 
as 26% in the case of amiodarone (35). Not infre
quently, Wolff-Parkins on-White syndrome or recipro
cating A V tachycardias is seen in women of childbear
ing age; in such cases, the risk of congenital defects 
resulting from pregnancy occurring in the presence of 



an antiarrhythmic agent must also be taken into ac
count. 

From these data, it is evident that RF current cath
eter ablation is an optimal tool to cure patients with an 
accessory pathway. It is mandatory to identify individ
uals with Wolff-Parkinson-White syndrome at risk of 
developing ventricular fibrillation by means of an elec
trophysiologic study. At this time, ablation of any 
accessory pathway is, in experienced hands, easily fea
sible in more than 90% of cases and should be offered 
to the patient as an option, provided that he/she has 
been correctly informed about the pathophysiology 
and the risk of his/her disease, as well as the risks of 
the therapeutic procedure. 
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Introduction 

Radiofrequency catheter ablation (RFCA) has be
come the treatment of choice in patients with recur
rent, symptomatic, medical-refractory supraventricular 
tachycardias (SVT) due to an accessory anomalous 
pathway (AP) or a reentry in the region of the atri
oventricular node (AVN; 1-7). 

The reasons for the high popularity of the tech
nique are: high success rate of the procedure (efficacy), 
low rate of procedure related complications (safety), 
favorable cost-effectiveness ratio (cost), (probable) 
low risk of long-term adverse consequences (reliabi
lity). 

A well-known feature in the follow-up of the pa
tients who underwent RFCA for AP and A VN SVT is 
the recurrence of "arrhythmic"or "pseudo arrhythmic" 
symptoms in the first months (1-4, 8-10) after a suc
cessful procedure. Following the reports of different 
centers and our experience (300 consecutive patients 
with a wide variety of SVT treated with RFCA at our 
own center) we address this problem. 

Incidence and Clinical Features of Accessory Path
way-Mediated and A VN Reentrant Tachycardias Af
ter Initially Successful Radiofrequency Catheter Abla
tion 

Owing to the differences among the series reported it 
is sensible to state what is now considered a successful 
ablation procedure: a successful procedure has ren
dered SVT noninducible and abolished all evidence of 
AP conduction (antegrade and retrograde) in the basal 
state and after infusion of isoproterenol, immediately 
and 30 min after the ablation. 

The risk of true arrhythmia recurrence after a suc
cessful procedure appears to be quite low in adults, 
varying between 3% and 12% of patients (1-4,6,8-10). 
Differences in patient characteristics, duration of an 
adequate follow-up, and the fact that recurrences ac
counted for 4S% of the failures overall in the series of 
the Pediatric Electrophysiologic Society [RFCA for 
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tachyarrhythmias (11) in children and adolescents] 
should be kept in mind, however. 

The recurrences may be early, before hospital dis
charge (between 1 and 12 h after RFCA) or late (be
tween 1 and 100 days). In the series of Langberg et al. 
(8) failure after initial success for RFCA of AP SVT 
was 12% (early recurrence = SO%, mean time = 6±S h, 
late recurrence = SO%, mean time = S3±39 days); in 
the studies of Chen et al. (12,13) the early recurrences 
were 70% and the late 30% (failure = 9%). 

The factors that may predispose to this unfavor
able early or late outcome have not yet been complete
ly defined but some predictors of recurrences are 
known (1-3,6,8,12,13). Right-sided APs, ablated from 
the tricuspid anulus, show a much higher rate of recur
rence than left-sided APs (this is probably due to 
anatomical reasons and to less contact pressure of the 
catheter over the right A V anulus). There is a higher 
recurrence rate for multiple APs than for single ones. 
Other determinants of failure in the follow-up are: 
longer initial ablation session, absence of recordable 
Kent potential, concealed APs, and site of energy de
livery in ablation of left-sided APs (V»A). The high 
efficacy rate of a second ablation session has been not
ed in all the series published. 

Predictive Values of the Different Methods of Evalua
tion of Late Outcome of Radiofrequency Ablation 

It should be stressed that: 
1. Immediate results of RF A may be misleading 

(transient edema, catheter-induced mechanical trau
ma) --+ pseudosuccess 

2. The extension over time of the lesion(s) may 
lead to delayed complete cure --+ pseudofailure. 

The actual percentage of pseudosuccess is not 
known but it may account for 3% in all the series (12-
IS). 

The methods of evaluation of the outcome of a 
successful RFCA are serial electrocardiogram (ECG), 
Holter monitoring, evaluation of symptoms, and elec
trophysiologic study (8,12,13,16). 



Serial ECG. ECG is useless in evaluation of results 
of RFCA of SVT due to concealed APs and to A VN 
reentry. It is also useless in detection of new arrhyth
mic circuits and in determining the properties of resid
ual APs (13). 

In the series of Chen et al. (408 patients who re
ceived RFCA for SVT) serial ECGs had a good speci
ficity but a very low sensitivity (15%). 

Holter Monitoring. Holter monitoring is unrealistic 
and also expensive in this setting (only monitoring 
over weeks and months would be required). Probably 
event recording with trans telephonic transmission 
would be useful but experience with this is scarce at 
the moment (16). 

Evaluation of Symptoms. It is extremely doutbtful 
to rely on the evaluation of symptoms to judge the real 
outcome of a RFCA procedure. In the reports of Chen 
et al. (12,13) the review of symptoms had a high speci
ficity but a very low sensitivity. Indeed, the abolition of 
significant symptoms should be the major aim of the 
RFCA session (the "gold standard "of the outcome); 
we will see later on in detail how the patient's own as
sessment is probably an inaccurate way of evaluating 
the results of RFCA since most patients feel palpita
tions of some sort after ablation, and many patients 
are reluctant to disappoint themselves and their physi
cians by admitting to recurrence of palpitations. 

Electrophysiologic Study. The value of electro
physiologic study is uncertain. The opinion of some au
thors is that routine follow-up electro physiologic study 
is not warranted (8) due to the low yield of the test. In 
other studies (9,10,12,13) conclusions are quite differ
ent: Chen et al. perform immediate (20-30 min after 
RFCA), early (4-7 days after RFCA), and late (3-6 
months after RFCA) electophysiologic study. They 
found that late electrophysiologic study had high pre
dictive value in the outcome of both ablation for AP 
SVT and A VN SVT (sensitivity 100%, specificity 
100%, predictive accuracy 100%). Probably the late 
test has a higher predictive value due to Bayes theory 
(lower pretest prevalence of recurrence in the first 
month after a successful ablation). Moreover, the test 
characterizes the properties of the residual arrhythmia 
circuits (recurrence of retrograde conduction only in a 
bidirectional AP previously ablated), detects new ar
rhythmia (17) circuits, helps in ruling out arrhythmo
genicity of RF lesions, and helps relieve anxiety in this 
particular subset of patients. 

Significance of Palpitations After Successful Ablation 

The great majority of patients report some sort of pal
pitation after RFCA. Mann et al. (9) interviewed 77 
patients in whom at least 4 weeks had passed since 
successful RFCA and found that in 45177 (58%) extra
beats and the feeling that tachycardia was going to 
start up were present; moreover, 28177 (36%) reported 
major palpitations similar to symptoms that occurred 
prior to ablation. The restudy in 53 patients showed 
that: eight patients (9%) had recurrence of AP con-
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duction (six had major palpitations; two were symp
tomless), in one patient another SV tachyarrhythmia 
was inducible, and 15/22 patients with major symptoms 
had no AP recurrence or showed inducibility of other 
arrhythmic circuits. The absence of symptoms was 
highly predictive of a negative restudy (negatiye pre
dictive study=94 %) but judging the ablation' failure on 
the basis of palpitations can be misleading (positive 
predictive value of AP recurrence=21 %). 

Grossman et al. (10) confirm a high incidence of 
recurrent palpitations in patients after successful RF
CA (12/32, 37.5%), but most were pseudorecurrence 
as demonstrated by a negative electro physiologic 
study. According to the authors these patients are 
more sensitive to other benign arrhythmias due to a 
heightened awareness from their preablation problem: 
there were significantly higher anxiety scores (Burns 
anxiety inventory score=26±6) in patients with than in 
patients without pseudorecurrence (9±3). 

There are many real causes of palpitations: 
1. True arrhythmia recurrence (up to 12 %, see 

above). 
2. Premature beats (5%-10%). 
3. Sinus tachycardia due to anxiety (5%-10%). 
4. Inappropriate sinus tachycardia, frequently ob

served in ablation of slow A VN pathway and pos
teroseptal APs (10%-15%). To shed light on the mech
anism of this complication Kocovic et al. (18), in an ex
cellent study using heart rate variability analysis (time 
and frequency domain), clearly demonstrated a signifi
cant increase in mean heart rate and significant reduc
tion in heart rate variability in patients who had under
gone successful ablation in the posterior regions of low 
interatrial septum, marked attenuation of high fre
quency components in this subset of patients, indicat
ing parasympathetic de nervation of fibers destined to 
innervate the sinus node (or reflexogenic ally mediated 
parasympathetic withdrawal ?), no acute changes in 
patients who underwent diagnostic study and in pa
tients with ablation of left lateral APs, and resolution 
of abnormalities 1-6 months after RFCA (reinnerva
tion ?). Moreover, the authors suggest the possibility 
that this complication could render these patients 
more susceptible to developing atrial arrhythmias in 
the months necessary to establish reinnervation. 

5. Transient A V block, not rare (up to 3 %) in 
modification of A V nodal conduction. 

6. Unmasking of new arrhythmic circuits (3%) and 
development of new arrhythmogenic foci, perhaps due 
to lesions. 

7. Runs of atrial fibrillation and atrial flutter (see 
above). 

Conclusions 

Palpitations after successful RFCA for AP-mediated 
and A V SVT are extremely common and the causes of 
complaints are heterogeneous (8-10,12,13) (true ar
rhythmic symptoms and non arrhythmic symptoms). 
Electrophysiologists should be well aware of this prob
lem so that every effort can be made to identify true 
recurrences and/or true arrhythmic hazards and to re
assure symptomatic patients. 



We can offer some recommandations from our 
analysis. 

1. Many data suggest that only 1 day of inpatient 
monitoring is inadequate to detect problems after the 
procedure: pseudosuccess, pseudofailure, peculiar ar
rhythmias of RFCA for A VN SVT, etc. We hospitalize 
patients for at least 48 h after RFCA. An electrophysi
ologic restudy (transesophageal technique) is usually 
conducted 24-48 h after ablation; the need for pro
longed monitoring and/or Holter recording is decided 
on the basis of emerging problems. 

2. Some authors have questioned the need for rou
tine electrophysiologic study 3 months after the proce
dure (the test is expensive and the yield is low). On the 
grounds of the reports and our experience we think 
that judging the absence and/or the return of pathway 
conduction by symptoms can be misleading on many 
occasions. Moreover, electrophysiologic study with 
tranesophageal technique is available (19) which is low 
in cost, adequate to predict freedom from SVT, and 
does not require hospitalization. 

Consequently in our current practice a thorough 
examination, on an outpatient basis, is scheduled for 
every subject who has undergone RFCA at 3 months: 

- In absence of palpitations (+ normal resting 
BCG, + history of "easy "ablation) we do not think 
that electrophysiologic study is warranted. 

- In presence of palpitations (± abnormal BCG, + 
history of "complicated "ablation) we think that elec
trophysiologic restudy is mandatory. 
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Introduction 

The technological improvements and the high success 
rate of catheter ablation in the management of pa
tients with supraventricular arrhythmias as well as the 
physicians' attraction to a "true therapeutic" approach 
may lead to an excessively interventional philosophy in 
which other therapeutic options, mainly pharmacolog
ic treatment, is considered obsolete. In effect, catheter 
ablation presents some pitfalls that must be consid
ered: there are complications, X-ray exposure, and 
studies of long-term follow-up are lacking. Thus this 
procedure cannot be considered a panacea for all pa
tients with supraventricular arrhythmias. 

In fact, according to the ACC guidelines (1) 
catheter ablation is generally indicated for drug-refrac
tory supraventricular arrhythmias: thus pharmacologic 
treatment still has an important role in the manage
ment of these arrhythmias, even in the ablation era. 

If we consider the pros and cons of the two thera
peutic options, i.e., drugs and ablation, as well as the 
natural history of the arrhythmia in the individual pa
tient we will get the best idea of which therapeutic op
tion is most suitable. 

Atrial Fibrillation 

In treating a patient with atrial fibrillation there are 
two possible goals (1) to restore and to maintain the si
nus rhythm and (2) to reduce the ventricular rate. If 
the first goal is the problem, the pharmacologic treat
ment (I C, III, and I A antiarrhythmic drugs) faces 
with nonpharmacologic treatment that is a surgical 
treatment (maze operation, left atrial insulation, corri
dor operation): in fact, there is no reliable alternative 
to pharmacologic in the majority of the patients. If the 
problem is to reduce the ventricular rate, drug treat
ment (verapamil, gallopamil, diltiazem, B-blockers, 
digitalis) can be matched with atrioventricular (A V) 
node catheter ablation. The pros and cons of the two 
therapeutic options are summarized in Table 1. 

No doubt the pros/cons ratio of the drug treatment 
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is better than the pros/cons ratio of the catheter abla
tion in some patients, thus indicating pharmacologic 
treatment. 

Atrial Flutter 

Catheter ablation of the atrial flutter circuit may be 
considered as an investigational tool. The clinical re
sults are unsatisfactory in some patients regarding clin
ical recurrences, new arrhythmias, and side effects. 
Thus I A, I C and III class drugs may be used: the clini
cal results are not excellent but fortunately the clinical 
trend of the recurrences is favorable in the majority of 
the patients. 

A V Node Reentrant Tachycardia 

An effective drug treatment with IC, II, III, and IV class 
drugs may be easily selected using a transesophageal 
electropharmacologic test and can be matched with the 
A V node radiofrequency catheter modification. The 
pros and cons of the two options are reported in Table 1. 

The incidence of complete A V block is 5.1 % in the 
Multicenter European Radiofrequency Survey (2); in 
addition, because of the lack of long-term follow-up, the 
late results of the procedure remain unclear in terms of 
late clinical recurrences of the ablated or of new arrhyth
mias as well as in terms of late side effects, including late 
occurrence of A V block. Thus catheter ablation is now 
indicated in highly symptomatic patients; patients with 
fewer symptoms can be correctly and satisfactorily man
aged by drug treatment. 

Pre-excitation Syndrome 

Both drug treatment (I C and III and combination of 
drugs) and catheter ablation of the anomalous path
way are suitable in the clinical management of pre-ex
citation syndrome. The pros and cons of the two op
tions are listed in Table 1. 



Table 1. Pros and cons of drug therapy and catheter ablation in supraventricular tachyarrhythmias 

Drugs Catheter ablation 

Pros Cons Pros Cons 

Effective 
No risk 

t Compliance 
Side effects 

Atrial fibrillation Effective 
No risk 

Pacemaker implantation 
Costs? 

Effective 
Easy to select 

No curative 
Side effects 

A VN reentrant 
tachycardia 

Curative 
Effective 

Unintended A V block (2) 
Lack of long-term 

follow-up Easy to charge 
Discontinuation 
Therapy on occurrence 
Long-term follow-up 

Effective 
Easy to select 
Easy to change 
Discontinuation 
Therapy on occurrence 
Long-term follow-up 

t Compliance 

No curative drug 
Side effects 
t compliance 

WPW Curative 
Effective 

Complications (5-12) 
Lack of long-term 

follow-up 
X-ray exposure 

AV, atrioventricular; AVN, atrioventricular node; WPW, Wolff-Parkinson-White 

The disadvantages of drug treatment are currently 
emphasized, but in our experience pharmacologic thera
py is highly effective with a low incidence of side effects 
(3,4). In contrast, the disadvantages of catheter ablation 
are often grossly underemphasized. If we carefully ex
amine the literature the procedure-related complication 
rates range from 2% to 18% (5-12) and there is no 
doubt that even an incidence of 2 % of serious proce
dure-related complications acquires a relevant weight 
considering the benign natural history of the majority of 
WPW patients. 

A correct evaluation of the pros and cons of the two 
options in the individual patients and a complete picture 
of the problem, including symptoms, risks, and patient 
acceptance, should provide us with the best therapeutic 
option (13). In our opinion, the two options are not very 
well matched in patients with pre-excitation syndrome 
"at risk": in these patients the pros/cons ratio for 
catheter ablation is better than the pros/cons ratio for 
drug treatment. In the other patients, i.e., those without 
an electrophysiologic pattern of risk, drug treatment can 
be matched against catheter ablation: in fact there are 
several patients in this group in whom the pros/cons ra
tio for drug treatment is better than pros/cons ratio for 
catheter ablation. 

Conclusions 

Although catheter ablation represents the most impor
tant therapeutic advance of the last decade in the treat
ment of supraventricular tachyarrhythmias, drug treat
ment cannot be considered an obsolete therapeutic op
tion. Only with an objective assessment of the pros and 
cons of the two options in the individual patient can the 
best treatment be delivered. There are patients who are 
better treated with catheter ablation and patients who 
are more suitably managed with drugs. Accurate patient 
information regarding clinical condition and therapeutic 
options, unbiased evaluation of the pros and cons of the 
possible options together with the patient's wish will aid 
us in making the best choice. 
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Introduction 

Supraventricular tachycardia (SVT) is the most com
mon sustained cardiac arrhythmia in children and ado
lescents, approximately 85% being due to reentrant 
circuits (1), Pharmacologic treatment has been pro
posed as the first-line therapy for frequent, sustained 
episodes of SVT associated with significant symptoms. 
However, patients refractory to medical therapy often 
require surgical intervention (2), which has recently 
been replaced by the procedure of transcatheter abla
tion (3). 

Direct current catheter ablation creates a disper
sive shock lesion in the targeted area of the myocardi
um and, in most instances, the resulting combination 
of heat and barotrauma made the exact energy deliv
ery and lesion size difficult to control (4). In contrast, 
the more recent use of rapidly alternating electrical 
current [radiofrequency (RF) current] produces ade
quate heating to achieve small focal lesions in a much 
more regulated fashion. It has been employed in the 
treatment of most cardiac arrhythmias in adults and, in 
some cases, has become the most effective therapy. 

In children and adolescents RF catheter ablation 
has been used with success as an effective and defini
tive technique for ablating the accessory atrioventricu
lar (A V) connections (5-10). In contrast, only limited 
experience has been reported on RF ablation for A V 
nodal reentrant tachycardia in children (8). 

The purpose of this study was to evaluate the effi
cacy and safety of RF ablation in young patients suf
fering from SVT due to a reentrant circuit. 

Methods 

Patients 

Between February 1993 and October 1994, 45 patients 
(mean age 12.6 years, range 3-18 years) underwent RF 
catheter ablation. The majority of patients suffered from 
documented or doubtful SVT due to a reentry circuit. 
Only five patients also had paroxysmal atrial fibrillation. 
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Clinical evaluation, chest X-ray, surface electro
cardiogram (ECG), 24-h Holter monitoring, and two
dimensional echocardiographic assessment showed no 
signs of structural heart disease in any patient. All pa
tients underwent electrophysiologic transesophageal 
atrial study (TEAS), apart from one with permanent 
junctional reciprocating tachycardia (P1RT). 

According to criteria proposed by Cox et al. (2), a 
macro-reentrant orthodromic tachycardia through A V 
accessory pathways was induced in 39 patients, but in 
five cases this evolved subsequently into atrial fibrilla
tion. In six patients an atrioventricular nodal reentrant 
tachycardia (A VNRT) was induced. 

Invasive e1ectrophysiologic study and RF catheter 
ablation were indicated according to the following cri
teria: 

1. Severe symptoms at high risk (syncope and pre-
syncope) 

2. Inefficacy of medical treatment 
3. Drug intolerance 
4. The wishes of the patient and family 

Electrophysiologic Testing and Catheter Ablation 

General anesthesia was performed in patients under 12 
years of age. Electrophysiologic testing was performed 
in patients with A VNRT using two quadripolar 
catheters (USCI Bard, Bellerica, MA, USA), one in
serted into the right atrium and the other on the His 
bundle. A 7-Fr quadripolar ablation catheter (EPTech
no logy Inc, Mountain View, CA, USA Mod: Blazer) 
was used for mapping the septal area and the tricuspi
dal annulus and for the ablation. 

In patients with accessory pathways different ap
proaches were used for different locations, while map
ping was performed using the same technique: three 
quadripolar catheters (USCI) were positioned, one in 
the right atrium, one on the His bundle, and a third in 
the right ventricle. 

A decapolar 6-Fr catheter (USCI special) was po
sitioned in the coronary sinus to map the mitral valve 
annulus. A retrograde transaortic approach was used 
for the left accessory pathways in the first part of the 



study (ten ablations); in the second part, a transseptal 
approach was used (18 ablations). 

Transseptal catheterization was performed using a 
0.032-in. guide wire, an 8-Fr Mullins catheter (USCI), 
and a Brockenbrough needle (USCT). The ablation 
catheter was then advanced into the left atrium 
through the sheath of the Mullins catheter (USCI), 
which was withdrawn into the right atrium in order to 
improve the maneuvrability of the deflecting tip of the 
ablation catheter. 

A right atrial approach was used in a patient with 
right, anteroseptal, and posteroseptal pathways. In the 
patient with PJRT, the right atrial approach was im
possible because of a right and left femoral vein 
thrombosis; in this case the ablation catheter was intro
duced through the left subclavian vein. 

ECG leads and intracardiac electrograms were 
recorded on a Bard Electrophysiology Lab System ver
sion 2.51 C and then 2.55 C. In all patients the electro
grams were filtered between 30 and 250 Hz, amplified 
at a gain of 0.5 mV/cm, and recorded at a paper speed 
of 100 mm/s. Electrograms obtained from the coronary 
sinus and from the ablation catheter were recorded in 
unipolar configuration. 

Programmed stimulation was performed with a 
programmable stimulator (Medtronic model 5328, 
Minneapolis, MN, USA) at a pulse width of 1.5 ms and 
at an intensity of twice the diastolic threshold. Pacing 
was performed in the right atrium or ventricle using 
bipolar stimulation while unipolar stimulation was per
formed in the coronary sinus. The energy was deliv
ered between the distal electrode of the ablation 
catheter and a large adhesive skin electrode placed on 
the back of the patient. 

In patients with an accessory pathway, both the 
mitral and tricuspidal valve annulus were mapped 
carefully during sinus rhythm in order to identify the 
shortest A-V interval and to record a possible accesso
ry pathway potential (K) and the shortest A-K and 
delta-K intervals as previously described (11). Confir
mation that the area of interest had been correctly lo
cated was made by measuring the shortest V-A inter
val, either during ventricular pacing or during induced 
or spontaneus reciprocating tachycardia. Once the 
area of interest was defined, a 7-Fr ablation catheter 
(EPTechnology, Inc. Mountain View, Mod: Blazer) 
was advanced from the femoral vein to the right atri
um and then to the left atrium using the transseptal ap
proach in 18 patients and from the femoral artery to 
the left ventricle using the retrograde approach in ten 
patients. 

In patients with overt pre-excitation, a local atrial 
electrogram was recorded systematically during sinus 
rhythm and was considered stable when minimal varia
tions in the amplitude of recorded potential were ob
served for at least 5 consecutive beats. When the 
recording was stable and continuous, the morphologic 
features of the local atrial electrogram were evaluated 
in order to identify the presence of the K potential. 
The K potential was defined as a stable deflection in 
the local electrogram distinct from the atrial and ven
tricular components, which preceded the onset of the 
QRS complex and were related to the delta wave on 
the surface ECG. 
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In addition the A-V, A-K, delta-K, and K-V inter
vals were measured carefully on the electro grams ob
tained from the ablation catheter, prior to the RF en
ergy discharge as recently described by our group (12). 
A quadripolar 7-Fr electrode catheter (EPT) with a 
deflectable shaft and a large distal electrode (4 mm in 
length) was used for the ablation. 

RF energy was produced by a power generator 
which delivered a continuous unmodulated wave out
put at 500-750 kHz (Liz 88, American Cardiac Abla
tion Corporation, Foxboro, MA, USA) and measured 
and displayed impedance and power. After recording 
the local electrogram, 30 V were delivered for 10 s to 
test the impedance, catheter stability, and effect on the 
accessory pathway conduction. If the delta wave disap
peared, 50 V were given for 40 s at the same site. 

If the conduction of the accessory pathway was not 
lost during the initial10-s delivery at 30 V, the catheter 
was repositioned around the target area and a new 
electrogram was recorded before the ablation proce
dure was repeated using the same sequence. 

If the impedence increased suddenly during the 
procedure, the delivery of energy was stopped and the 
ablation catheter removed, cleaned, and then read
vanced into the atrium through the sheath. 

In patients with A VNRT, RF ablation was per
formed on the slow pathway after an accurate mapping 
of the posteroseptal area. A slow pathway potential as 
described by Jackman et al. (13) was mapped in the 
majority of patients. 

Anterograde and retrograde conduction were 
measured 30 min after ablation of the accessory path
ways under basal conditions and following the i.v. ad
ministration of a bolus of propanolol (2.5 mg) and ver
apamil (5 mg). 

The inducibility of reciprocating tachycardia was 
evaluated after the ablation of the slow pathway under 
basal conditions and following the i.v. administration 
of atropine (0.02 mg/kg). 

Heparin (10 000 I.U.) was given intravenously dur
ing the procedure and then for the following 24 h (10 
000 LU.). Aspirin (100 mg once a day) was prescribed 
for the 3 months following the procedure. 

Statistical Analysis 

Student's t-test was used to compare the registered 
time of fluoroscopy in ablation of left accessory path
ways carried out via the retrograde transaortic and 
transseptal approaches. A value of p<0.05 was consid
ered significant. 

Follow-up 

At 1 month and 1 year after ablation (successful or 
not) surface ECG, 24-h Holter monitoring, and TEAS 
were carried out. In the patients in whom the proce
dure demonstrated early or late unsuccess, an exami
nation was also carried out at 6 months postablation. 

The parents of the patients were also in constant 
contact with our institution. 

Successful outcome of the procedure was defined 
as the disappearance of (a) symptoms, (b) the delta 
wave or the surface ECG, in patients with ventricular 



pre-excitation, and (c) the inducibility of SVT with 
TEAS at least 1 month after the procedure. 

Results 

Electrophysiologic Characteristics 

A total of 45 patients were studied: A VNRT was in
duced in six patients, while accessory pathways with 
orthodromic reentrant SVT were found in the remain
der, among whom five had experienced clinical 
episodes of atrial fibrillation. In this group tachycardia 
de synchronized spontaneously after the induction of 
SVT. 

Among the accessory pathways, either manifest or 
concealed, 26 were left and 13 were right pathways. In 
particular, 17 were left lateral, four left posterolateral, 
four left posteroseptal, one left anterolateral, 12 right 
posteroseptal, and one right anteroseptal. Among the 
five patients with atrial fibrillation, three were left lat
eral, one left posterolateral, and one left anterolateral. 
In the patient with PJRT the accessory pathway was a 
right posteroseptal, located near the ostium of the 
coronary sinus. 

Ablation Results 

During the period of the study 48 procedures were 
performed: one patient underwent it three times; a 15-
year-old female with a concealed left posteroseptal 
pathway underwent two unsuccessful attempts using 
the retrograde trans aortic approach and one transsep
tal successful procedure. 

Immediate success was observed in 38 (92.6%) out 
of 41 procedures for accessory pathways. A transient dis
appearance of the accessory pathway during one of the 
RF deliveries was observed in one patient with a right 
posterolateral pathway in whom the procedure failed. 

Mean fluoroscopy time in patients with accessory 
pathways was 31 ± 18 min. Mean fluoroscopy time in 
the retrograde transaortic approach was 95% longer 
than in the transeptal approach (45 ± 10 min versus 23 
± 12 min;p<O.01). 

In patients with AVNRT, ablation of the slow 
pathway was successful in 50% of cases (3/6). In the 
three patients in whom it was impossible to ablate the 
slow pathway, the procedure was interrupted without 
attempting to ablate the fast pathway. In one of the 
three patients treated successfully, ablation of the slow 
pathway produced a transient complete A V block. The 
1:1 conduction recovered as first-degree A V block 
within a few hours. 

In the patient with PJRT, the tachycardia was in
terrupted by ablating the reentry site of the accessory 
pathway, but on the day following the procedure a few 
isolated reentrant beats were recorded. 

Follow-up 

All patients survived and underwent long-term follow
up (mean 12.9 months, with a range between 5 and 33). 
Of them, 34 patients were followed up during the first 
year. All patients in whom treatment was immediately 
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successful remained asymptomatic for tachyarryth
mias. No recurrence of delta waves or episodes of 
asymptomatic tachycardia were recorded on either the 
basal ECG or the Holter tape. They were not in
ducible at TEAS either, with the exception of a 15-
year-old female patient with a concealed right an
teroseptal pathway. Twenty-five days after the proce
dure she reported a prolonged episode of palpitations, 
weakness, and dizziness which recovered spontaneous
ly. After 1 month of follow-up, a reciprocating tachycar
dia - similar to that she had previously experienced -
was induced at TEAS. Propafenone was then given and 
1 year after the procedure a new TEAS was performed 
in pharmacologic washout, inducing tachycardia again. 
Eighteen months after ablation no arrhythmias were 
recorded during Holter monitoring, and no tach
yarrhythmia was induced at TEAS. Therefore the drug 
therapy was discontinued and she is now asymptomatic. 

At the I-month and I-year follow-up examination, 
the patient with a right posterolateral pathway that 
was ablated unsuccessfully was asymptomatic: the sur
face ECG showed no delta wave, and no arrhythmias 
were recorded during Holter monitoring or were in
duced at TEAS. Therefore a 100% delayed success 
was observed in patients with manifest or concealed 
accessory pathways. 

The immediate success of the ablation was later 
confirmed in only two of the three patients with 
A VNRT. In one patient, asymptomatic after the pro
cedure, a reciprocating tachycardia was induced at 
TEAS 1 month after the ablation. Two of the three pa
tients, who were not ablated successfully, experienced 
symptomatic tachycardia and flecainide was pre
scribed. The third patient, who was inducible at TEAS, 
experienced during a 33-month follow-up only one 
short episode of palpitations, which resolved sponta
neously. Therefore a 33% rate of delayed success was 
observed in patients with A VNRT. 

The patient with PJRT, who was ablated with im
mediate success, experienced the same tachycardia 1 
month after the ablation. After 6 months the proce
dure was repeated and immediate success was ob
tained. In May 1995, 1 month after the second trial, he 
is free from tachycardia. 

Adverse Events 

We reported complications in three patients (6.5%) in 
whom the transseptal approach was used. One patient 
had a thrombosis of the femoral vein 6 days after the 
procedure, which was resolved with medical therapy. 
The second developed a large hematoma, which disap
peared with medical therapy. Holter monitoring 
showed frequent and monomorphic premature ventric
ular beats (212 in 24 h) and a short run (7 beats) of 
monomorphic ventricular tachycardia (150 bpm) with 
the same morphology of premature ventricular beats 
in the last patient at the first month of follow-up. 

Discussion 

SVT due to A V accessory pathways is a congenital car
diac disease with an incidence of about three out of 



1000 in the general population. Approximately 85% of 
the children and adolescents with SVT have a reentry 
circuit due either to manifest or concealed accessory 
pathways or to dual A V node physiology. 

In 28% of the patients with a manifest A V accesso
ry pathway, electrocardiographic features of pre-excita
tion disappear during the teenage years and 70% of the 
28 % have no recurrences during their lives. In contrast, 
only 40% of patients in whom pre-excitation is still pre
sent at EeG do not have recurrences of SVT (1). 

About two thirds of the children with reentrant 
supraventricular tachycardia experience palpitations, 
chest discomfort, and fatigue. For these reasons they 
are submitted to long-term antiarrhythmic drug thera
py, often requiring strict control which is sometimes 
difficult to obtain in children and infants. Furthermore, 
frequent evaluations of therapeutic and side effects 
should be required. 

In the presence of potential side effects of antiar
rhythmic drug therapy it is often necessary to take a 
more aggressive approach in children with SVT. In the 
past few years, RF transcatheter ablation of overt or 
concealed accessory pathways and of A VNRT has been 
increasingly performed in adults (5,6). It is also safe and 
effective in children and adolescents with symptomatic 
SVT refractory to antiarrhythmic drug therapy. 

Age is an important criteria when considering this 
procedure as a therapeutic approach: should a SVT oc
cur during the first 4 months of life, it may recur in 
22% of patients. A SVT occurring after the first 4 
months may recur in 88 % of cases. Over a period of 5 
years, 80% of patients symptomatic for paroxysmal 
SVT require long-term drug therapy. 

A long-term antiarrhythmic drug therapy may re-

suit in the following disadvantages: (a) pro arrhythmic 
or side effects, (b) high economic cost, ( c) mild to 
moderate risk that cardiomegaly develops when 
supraventricular incessant junctional tachycardia be
comes refractory to drug therapy. 

The success rate of RF transcatheter ablation in pa
tients suffering from SVT covers a wide range of values, 
from 50% to 96% in children (7-14,15) and from 82% to 
99% in adults (16-18). The lower success rate in pedi
atric patients might be due to: (a) the frequent associa
tion of SVT to congenital heart disease (19), (b) the 
smaller size of the heart, reducing the maneuvrability of 
the catheters, (c) fluoroscopy exposure which is too 
long, suggesting the interruption of the procedure. 

In Table 1 the most important studies in infants 
and adolescents reported in literature have been com
pared. 

An incidence of 4.8 % of early and late postabla
tion complications was recently reported by Kugler 
(18), which is slightly higher when compared to that of 
catheterization (20). Therefore, pediatric patients 
should be followed up regularly, even for extracardiac 
problems, and anticoagulant agents should be used 
during and after the procedure. 

In our patients, the complication rate was similar 
to that reported by other authors. Evidence of vascular 
complications after a procedure means that great care 
should be taken when introducing more than one 
catheter into the right femoral vein, because of the 
greater possible risk of trauma occurring in the smaller 
vascular structures of children. It would be preferable 
to use smaller catheters than those used up to now. 

Although the number of patients in our study is 
relatively small, our experience confirms the efficacy of 

Table 1. Comparison of the results from the most important studies in infants and adolescents 

Reference Year Patients Mean WPW Success AVN Success AET Success PJRT Success 
(n) age (n) (%) reentry (%) (%) (%) 

(7) 1991 20 12.5 ys 20 74 0 0 0 

(8) 1991 17 13.6 ys 12 83 4 100 100 0 

(15) 1992 7 10 mths 6 66 0 100 0 

(21 ) 1992 8 8.2 ys 0 0 0 8 100 

(9) 1992 10 10.5 ys 10 100 0 0 0 

(20) 1993 71 14 ys 71 93 0 0 0 

(10) 1993 17 12.8 ys 17 94 0 0 0 

(22) 1993 22 16.5 ys 22 73 0 0 0 

(23) 1994 16 15 ys 13 81 0 0 0 

(24) 1994 53 9.3 ys 51 96 0 0 0 

(25) 1994 652 13.5 508b 82 76 82 46 93 0 

(26) 1994 46 12.6 ys 39 100 6 33 0 100 

WPW, Wolff-Parkinson-White syndrome; A VN, atrioventricular node; AET, atrial ectopic tachycardia; PJRT, permanent junctional 
reciprocating tachycardia. 
"Pediatric Electrophysiology Society. 
bInciuding patients with PJRT. 
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RF ablation in the treatment of SVT due to a reentry 
circuit in the pediatric age. The success rate of the pa
tients with a manifest or concealed accessory pathway 
is clearly greater than that of the patients with A VN
RT. This might be due to the more difficult mapping 
procedure of the slow pathway, which results in a high
er percentage of failure. Thus, RF catheter ablation in 
patients with A VNRT had a lower success rate, as 
greater attention has to be paid to avoid an A V block. 

K potential recording and careful analysis of the 
A-K and delta-K intervals have determined a better 
localization of the ablation site, thus making the proce
dure easier and shorter (11,12). Fluoroscopy time for 
the transseptal approach was shorter when compared 
with the trans aortic approach in the ablation of left ac
cessory pathways. 

Late disappearance of ventricular pre-excitation in 
patients in whom the procedure was not immediately 
successful might be due to the fibrosis which results from 
the RF deliveries. A progressive extension of the scar 
might inglobe the accessory pathway not perfectly ablat
ed during the procedure. This can also playa role in new 
arrhythmias developing as presented by one of our pa
tients during the follow-up. Therefore, postponing abla
tion to an age when physical maturity assures minimal 
morphovolumetric change of the heart should be consid
ered mandatory unless severe symptoms occur. 

In conclusion, our study confirms the safety and 
efficacy of RF catheter ablation of SVT in the pedi
atric age group. The efficacy of RF ablation for the in
terruption of accessory pathways in children over the 
age of 6 years has become firmly established. 

Thus, at present severe symptoms (syncope and 
presyncope), resistance to medical treatment, and drug 
intolerance are primary indications for catheter abla
tion. The wishes of the patient and their family may 
sometimes represent an indication for ablation even in 
patients with mild symptoms. In these cases the family 
and the patients should be carefully informed about the 
benefit of the procedure and the risk of complications. 
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Introduction 

Atrial fibrillation (AF) is the most common arrhyth
mia seen in clinical practice in all its presentation 
forms: paroxysmal, recurrent and chronic, Though usu
ally associated with organic heart disease, it is also 
found in the absence of any structural cardiac abnor
mality in a substantial number of cases, Its clinical sig
nificance, prognosis, and management are largely de
pendent on underlying or associated heart disease; un
derstanding the electrophysiologic (EP) mechanisms 
and modulating factors, such as the autonomic nervous 
system, is of utmost importance in the clinical manage
ment of AF patients. 

AF Mechanisms: Experimental Models of Atrial 
Reentry 

Mines (1) was first to describe reentry as the EP basis 
of an arrhythmia. The main findings in Mines' work 
(1913) are the characteristics required to sustain the 
reentrant mechanism: unidirectional block and slow 
conduction. 
Slow conduction is the condition by which the area of 
block can recover excitability for the depolarizing cur
rent coming from the opposite direction; this mecha
nism is enhanced by a short refractory period in the 
area of block. This experimental model implies that 
reentry occurs around an anatomical obstacle and im
plies the existence of a fully excitable gap between the 
depolarizing wavefront and its own tale of refractori
ness. 

Lewis et al. (2) confirmed the importance of the 
reentry mechanism a few years later working on an ex
perimental dog model of atrial flutter. The reentrant 
loop occurred around the two venae cavae (anatomical 
obstacles), with an interposed area of functional block 
determining an excitable gap. Whenever the length of 
this excitable gap exceeds the circumference of the 
anatomical obstacle the arrhythmia may collapse and 
stop, or it may shift to a single-obstacle circuit, thus ac
celerating to AF. 
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The concept of a reentry circuit was not subse
quently modified until Moe and coworkers reported 
their observations (3,4). They investigated the role of 
specialized atrial conduction tissue, such as internodal 
and Bachman fascicles, as being capable of maintain
ing atrial flutter without needing anatomical obstacles 
to sustain reentrant waves. 

New insights were brought by Allessie and 
coworkers in several interesting papers (5-10). The 
first type of reentrant circuit which they proposed did 
not necessitate any anatomical obstacle but was de
fined by pure atrial EP (4) characteristics. The length 
of the circuit is, in fact, the product of atrial refractori
ness and conduction velocity, and is defined as the 
"wavelength" of the circulating depolarization wave
front. In this model no excitable gap occurs as the 
reentrant circuit is the shortest allowed by atrial EP 
characteristics, and the center of the circuit is kept 
continuously refractory by centripetal wavelets. 

Further observations of the presence of areas of 
slow conduction between anatomical obstacles led to 
more complex models of atrial reentry. In fact, they 
described patterns of reentry around an anatomical 
obstacle (when the wavelength is short enough), ei
ther with an anatomical obstacle, an area of slow 
conduction, or an excitable gap in the normal my
ocardium (in which the reentry is determined by EP 
properties only). Thus, reentry may be sustained by 
coexisting factors, either anatomical or purely func
tional, and this contributes to the continuously 
changing shape and characteristics of the depolariz
ing waves during AF. 

Spach and coworkers (11,12) have observed reen
try due to purely functional atrial properties, the pecu
liar spatial arrangement of atrial myocytes. This is re
sponsible for substantial heterogeneity in atrial con
duction velocity (greater in longitudinal than in trans
verse direction) so that areas of slow conduction suit
able for reentry are observed at the reflection points. 
The model of reentry is thus defined by the EP hetero
geneity set by the anisotropy of atrial myocytic layers. 
The geometric shape of the circuit is an ellipsoid with a 
small gap of excitability at the reflection points. 



EP Mechanisms of AF in Humans 

Atrial Refractoriness 

Although general agreement in the literature has not 
been achieved, the duration of the atrial refractory pe
riod is a critical parameter for the development of clin
ical AF. In fact, several reports (13-16) have empha
sized the significance of markedly shortened atrial re
fractoriness in patients with clinical AF episodes or 
with inducible AF at EP study. In the same way, 
Attuel et al. (17) found a significantly shorter atrial 
functional and effective refractoriness (evaluated with 
one up to three extra stimuli) in inducible versus nonin
ducible patients with either AF, atrial flutter and 
paroxysmal supraventricular tachycardia in various 
heart diseases. Kumagai et al. (18) evaluated patients 
with chronic AF the day following transthoracic car
dioversion by EP study and found a shorter effective 
refractory period than in controls. 

Michelucci et al. (15) found a significantly greater 
dispersion of both functional and effective refractori
ness either in sinus or during paced rhythm at three 
atrial sites than in controls. 

The same finding was absent in a previous work by 
Luck and Engel (19), who had evaluated patients with 
sinus node dysfunction, with and without clinical AF 
episodes. 

In the work of Michelucci, et al. dispersion of atri
al refractoriness is also common in patients with sinus 
node dysfunction without AF, and both atrial refrac
toriness and its dispersion are related to age in normal 
subjects (20). Padeletti et al. (21) found that, whereas 
dispersion of atrial refractoriness (functional and ef
fective) is significantly greater in AF patients, the aver
age value of atrial refractory periods is not significant
ly different than in controls. Boutjdir et al. (22) made 
interesting observations at the cellular level, measuring 
atrial refractory periods in human myocytes on speci
mens taken during open heart surgery: AF patients ex
hibited shorter refractoriness at long pacing cycles and 
greater dispersion than controls. 

Other works (23-25) failed to find any significant 
difference in atrial refractoriness between patients 
with AF or atrial flutter and controls, though in one 
study AF patients had shorter refractoriness than atrial 
flutter patients (23). It is useful to underline that in the 
work by Simpson (25) atrial refractoriness was mea
sured by pacing at 10 mA, in order to obtain the short
est value of refractoriness, which is different from con
ventional measurements made by pacing at twice the 
diastolic threshold. 

In their study, Attuel et al. (26) examined the sig
nificance of rate adaptation of the refractory periods 
and found absence of adaptation at high rates of both 
effective and functional refractoriness in subjects with 
inducible atrial tachyarrhythmias with or without 
spontaneous arrhythmias. The lack of rate adaptation 
was associated with short atrial refractoriness, so that 
it is not clear whether this phenomenon is primitive or 
indeed secondary to the presence of short refractori
ness at long cycle length. 

The observations made by Capucci et al. (27) in 
patients with lone paroxysmal AF show that atrial 
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functional and effective refractoriness are significantly 
shorter at both long and short cycle lengths than in 
control patients, and this correlates with a high degree 
of vulnerability to fibrillate at long cycle lengths, too 
(600 ms), with a single extrastimulus. 

In a recent study by Ramdat-Misier et al. (28) atri
al refractoriness during fibrillation has been evaluated 
by the analysis of a fibrillation interval as described by 
Lammers et al. (29) with a multielectrode array during 
heart surgery. AF patient candidates for the "corridor" 
procedure showed a significantly shorter mean fibrilla
tion interval and greater dispersion of refractoriness 
than patients without clinical AF episodes. 

Atrial Conduction 

An intraatrial conduction delay may be observed on a 
surface electrocardiogram (ECG), determining a bi
modal pattern of the P wave in lead II, and it is associ
ated with the occurrence of atrial arrhythmias 
(16,18,23) However, in patients with clinical AF 
episodes the P wave is usually normal (30). 

The technique of signal averaging of the P wave 
has been recently applied (31,32) to improve sensitivi
ty in detecting intraatrial conduction disturbances 
which may be responsible for the arrhythmogenic sub
strate in AF patients. 

Atrial conduction may be better investigated at 
EP study. Many parameters have been proposed to de
fine the critical one at AF induction: 

SrA2. S2-A, is defined as the atrial activation time mea
sured after a premature stimulus delivered early in di
astole, in proximity to the effective atrial refractory pe
riod (30). 

Concern has been raised as to whether this para
meter may reflect actrial activation latency (due to tis
sue polarization by stimuli falling during absolute re
fractoriness) rather than true conduction; in this re
spect, different values have been observed at different 
atrial sites and during atrial pacing in comparison with 
sinus rhythm (16,30). These findings are in agreement 
with the hypothesis that this parameter represents true 
atrial conduction during relative refractoriness. 

In patients with paroxysmal AF a significant delay 
of S,-A2 at the His bundle recording site and in coro
nary sinus compared to controls has been found by Co
sio et al. (16). The same author showed that this para
meter was significantly prolonged when the premature 
beat was delivered at the same site as the paced one 
(33). 

Kumagai et al. (18) found a greater atrial conduc
tion delay (defined as S,-A2 > SI-A, + 20 ms) and a 
wider range of premature beats capable of inducing 
such a conduction delay in AF patients as compared to 
controls. 

Attuel et al. (17) did not observe significant differ
ences in S,-A, between patients with or without in
ducible sustained atrial tachyarrhythmias; the differ
ence from other studies (16,18,30,33) lies in the differ
ent clinical characteristics of the popUlations (clinical 
versus induced arrhythmias; AF or flutter patients ver
sus supraventricular tachycardias). 

Patients with lone paroxysmal AF represent a pe-



culiar subset because of the absence of a structural ab
normality as compared to patients with organic heart 
disease; in this subgroup, Capucci et al. (27) did not 
find any statistically significant difference in S2-A2 as 
compared to subjects without either clinical or in
ducible atrial arrhytmias. 

Intraatrial and Interatrial Conduction Time. Interatrial 
conduction time is the interval from high right atrium 
to low right atrium activation during pacing in the high 
right atrium, and interatrial conduction time is the in
terval from high right atrium to coronary sinus activa
tion during pacing in the high right atrium. Buxton and 
coworkers (23) found a significant increase in both in
traatrial and interatrial conduction times in patients 
with AF or flutter compared to controls at 600-ms cy
cle length, but this finding demonstrated specificity on
ly at long paced cycles. The same increase was, in fact, 
observed also in controls at a 450-ms cycle length. 

Simpson et al. (25) also found significantly longer 
intra atrial and interatrial conduction times than in con
trols, but the same finding was common to patients 
with sinus node disease without clinical AF and to pa
tients with atrial arrhythmias other than AF. 

Michelucci et al. (34) have reported that a prolon
gation of interatrial conduction times identifies pa
tients with paroxysmal AF to controls as compared. 

A2 Fragmentation. Ohe et al. (24) first noticed that, in 
patients with lone AF, the range of premature stimuli 
determining A, fragmentation (widening of A, > 150% 
of baseline value) in the high right atrium was wider 
than in control patients. The same phenomenon was 
also observed in patients with sick sinus syndrome with 
and without clinical AF, although to a greater extent in 
those with AF. The fragmented atrial activity was con
sidered analogous to previous observations in the ven
tricle (35), where it represents an ongoing local electri
cal activity in response to an extra beat, due to tissue 
anisotropy determining abnormal and slowed conduc
tion. 

Tanigawa et al. (36) confirmed the presence of 
atrial fragmentation ( Az > 100 ms or with >8 deflec
tions) in 68% of AF patients during atrial mapping. 
The number of sites showing fragmentation was 
greater in patients with associated sinus node dysfunc
tion. Konoe et al. (37) studied patients with Wolff
Parkinson-White syndrome: they observed atrial frag
mentation in those patients with paroxysmal AF. 

Padeletti et al. (21) found significantly longer val
ues in AF patients than in controls simply comparing 
A2 values obtained at the refractory period. In their 
study on patients receiving coronary artery bypass 
graft (CABO), Capucci et al. (38) found that Az frag
mentation (A, > 40 ms with respect to baseline) was 
more common among those who developed AF in the 
postoperative period. 

In the study by Kumagai et al. (18), AF patients 
had a wider range of extrastimuli determining frag
mentation than controls. 

Dispersion of Atrial Conduction Times. The dispersion 
of atrial conduction times is defined as the difference 
between A,-A2 in the high right atrium and A,-A, in 
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the low right atrium at the same pacing cycle. In pa
tients receiving CABO, Capucci et al. (27) found a 
greater dispersion of intraatrial conduction in those 
who developed AF in the postoperative period. 

~ A j -A2 • The maximal difference of A,-A" ~ A,-A" 
among each of the three recording sites, high right atri
um, low right atrium, and coronary sinus, represents 
the maximal intra- or interatrial dispersion of conduc
tion. Capucci et al. have recently demonstrated signifi
cantly longer A,-A2 at all paced cycles than in controls; 
moreover, a ~ A,-A2 greater than 25 ms was never ob
served in controls. 

Association of EP Abnormalities: The 
Arrhythmogenic Substrate of AF Patients 

The most common association of EP abnormalities in 
patients with paroxysmal AF occurs with short refrac
toriness and conduction disturbances. It is useful to re
call the most significant results: 
- Shorter right atrial effective refractory period and a 
wider range of premature beats capable of prolonging 
S,-A, either at the His bundle recording site or at the 
coronary sinus than in controls (16). 
- Oreater dispersion of both functional and effective 
atrial refractoriness (measured at five atrial sites) and 
greater fragmentation of Az than in controls (21). 
- Longer right atrial conduction time and shorter right 
atrial effective refractoriness in patients with WPW 
and AF respect to WPW patients without AF (39). In 
patients with chronic AF evaluated the day following 
transthoracic cardioversion, Kumagai et al. (18) 
demonstrated shorter effective right atrial refractori
ness, longer S,-A2' and a wider range of extrabeats de
termining either a delay in intra atrial conduction or A2 
fragmentation than in controls. 
- Shorter functional and effective refractoriness at all 
paced cycles and longer ~ A,-A2 in patients with lone 
paroxysmal AF than in controls were reported in the 
recent paper by Capucci et al. (27). 

In light of the physiopathological background pro
vided by experimental cardiology, the association of 
short refractoriness and intra atrial or interatrial con
duction delay, widely documented in the aforemen
tioned clinical works, is the most likely EP substrate of 
AF in humans. 
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Is Mortality in Patients with Atrial Fibrillation Related to the Underlying 
Heart Disease or to the Arrhythmia? 
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Mestre-Venice, Italy 

Atrial fibrillation (AF) is considered one of the most 
common clinically relevant cardiac arrhythmias. The 
prevalence of AF increases with age and is reported to 
be 0.2%-0.3% at age 25 - 35 years, 3%-4% at age 55 -
64 years, and 5%-9% at age 62 - 90 years (1). AF is 
usually a consequence of heart disease involving the 
left atrium, but may also result from extracardiac con
ditions such as hyperthyroidism, surgery, acute alcohol 
intoxication, cholinergic drug use, or diagnostic proce
dures. In a minority of patients, no contributing factors 
or overt heart disease can be identified (lone AF). In 
most cases the clinical and hemodynamic conse
quences of AF are related to the severity of underlying 
heart disease. 

Hemodynamic Consequences of Atrial Fibrillation 

The hemodynamic consequences of AF depend on 
many factors. These include the loss of atrial systole, 
the irregularity of ventricular rhythm, the heart rate, 
and the underlying heart disease. It is generally accept
ed that the loss of atrial contraction may reduce car
diac output by nearly 15%-20% (2). The atrial contri
bution to cardiac output is greater in patients with re
duced diastolic left ventricular compliance (3, 4). The 
importance of atrial contraction declines in patients 
with increased end diastolic volume and in those with 
higher pulmonary artery wedge pressure (5). More
over, the effect of atrial systole seems to be more rele
vant at rest than during exercise (3): clinical studies 
have shown that heart rate is the major determinant of 
the increase of cardiac output occurring during exer
cise, and atrial systole produces only a small additional 
increment (3, 6-9). 

Irregularity of ventricular rhythm may produce ad
verse hemodynamic consequences ascribed to beat-to
beat variations of ventricular filling and emptying 
characteristics: particularly short ventricular cycles 
may have a negative direct effect on myocardial con
tractility and may result in mitral regurgitation leading 
to a reduction of stroke volume (10). Both animal and 
clinical studies have shown that irregular ventricular 
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rhythm produces an increase of pulmonary wedge 
pressure and a reduction of cardiac output (9%-24%) 
and that the hemodynamic effect is greater in patients 
with reduced diastolic function (10, 11). 

In most cases AF produces an increase of heart 
rate with a reduction of the diastolic filling period and 
of stroke volume; this is partially offset by a greater 
number of beats per minute. The net effect on cardiac 
output is uncertain and depends on the underlying 
heart disease. It is well known that chronic tachycardia 
has a deleterious effect on left ventricular function and 
may produce congestive heart failure (12, 13). Despite 
reports of "tachycardia-induced cardiomyopathy" (12, 
13), AF in the absence of other heart disease was gen
erally considered a benign entity (14). Only in recent 
years has AF with a fast ventricular rate (greater than 
200/min) been recognized as a cause of severe ventric
ular dysfunction, which may be reversible after the 
restoration of sinus rhythm (15). 

The extent of the hemodynamic consequences of 
AF are related to the underlying heart disease (3, 16-
25). In patients without heart disease, AF does not af
fect resting cardiac output and exercise tolerance, but 
may lead to an increase in atrial pressure (3, 25, 26). 
The hemodynamic effect of AF is more evident in pa
tients with heart disease, particularly in those with 
valvular heart disease or hypertrophic cardiomyopa
thy, as demonstrated by hemodynamic studies on the 
conversion of AF to normal sinus rhythm (3, 16-25). 
Hemodynamic benefits of reversion to sinus rhythm 
increase over time, since the complete recovery of atri
al contraction may occur after 3 weeks (27-28). 

Echocardiographic studies have shown that the oc
currence of AF may increase the left atrial size. There
fore AF has the potential of producing anatomical 
changes that can be important in the natural history of 
the disease (28-30). 

Stroke in Atrial Fibrillation 

AF is now recognized as the most common cardiac dis
order leading to systemic emboli and stroke. The in-



creased risk of systemic emboli was first understood in 
rheumatic AF and only recently in nonrheumatic AF 
(31, 32). The risk of embolism in rheumatic heart dis
ease is so high (more than S% per year, risk ratio, 
17.S6) that anticoagulant therapy is routinely adminis
tered to patients with AF and rheumatic heart disease 
(32, 33). The impact of nonrheumatic AF on stroke in
cidence has recently been assessed. In an analysis of 
the Framingham study data including only non
rheumatic AF, the annual incidence of stroke was 
3.8%; in comparison with controls matched for multi
ple risk factors, the relative risk was 4 (34). The conse
quences of stroke are often devastating: the precent
age of strokes that were disabling or fatal in published 
studies ranges from 44% to 71 % (3S, 36). The risk of 
stroke is greater when AF is chronic and when AF de
velops in patients with heart failure, hypertension, ad
vanced age, and a recent embolic event (34, 37, 38). 
The risk of stroke is very low only in young patients 
with paroxysmal lone AF and may not be higher than 
in a popUlation of comparable age without AF. The 
risk of stroke in lone AF may be substantial if the pa
tient is elderly and the fibrillation is chronic. 

Mortality in Atrial Fibrillation 

Available data indicate that mortality in AF patients is 
mainly related to the underlying disease (39). Howev
er, AF might increase the morbidity and mortality rate 
in some clinical settings. In the Framingham study, 
during 20 years of follow-up in a cohort of patients ini
tially 30-62 years old, the mortality rate among those 
who developed AF was about twice that of those who 
did not; the relative risk for cardiovascular death was 
higher than that for all-cause mortality (40). Other au
thors obtained similar results in patient populations 
similar to the Framingham cohort or in older patients 
(41, 42). However, the reduced survival with AF is 
most probably related to the associated heart disease 
present in about 80% of patients and probably results 
from the very high rate of stroke (39). Studies on war
farin in chronic nonrheumatic AF showed an increased 
mortality rate in the placebo group compared with the 
warfarin group. The study population included pa
tients with lone AF and with heart disease other than 
rheumatic. In the AFASAK study (43), total and vas
cular mortality rates were significantly higher in the 
placebo group than in the warfarin group (p < 0.02). 
Similarly, in the BAATAF study (44) the overall mor
tality rate was higher in the placebo group (26 deaths) 
than in the warfarin group (11 deaths; p = O.OOS); the 
same effect was seen with death from noncardiac caus
es (14 versus 4) and from cardiac causes (12 versus 7). 
In the SPAF study (4S), the total mortality rate per 
year was only slightly higher in the control group than 
in the treated group (3.1 % versus 2.2%; p = NS). How
ever, patients enrolled in the SPAF study were 
younger than those enrolled in the other two studies. 
Data from these studies indirectly demonstrate that 
AF increases the mortality rate mainly in older pa
tients and that mortality can be reduced by warfarin. 
The effects of specific heart diseases were not analyzed 
in these studies. 
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The influence of lone AF on mortality is still poor
ly defined because of the low incidence of lone AF. AF 
in absence of organic heart disease comprises only 2% 
- 6% of all causes of AF (14). Many papers on lone 
AF mentioned its low mortality (14, 46). However, da
ta from the Framingham study (40) show that patients 
with AF have nearly twice the annual total mortality 
rate compared with controls (S% versus 2.8%). In the 
subgroup of 30 patients with idiopathic AF the yearly 
mortality rate was lower but still increased at 3.8%. 
These results seem to conflict with those of Copecky et 
a1. (47), who found a similar mortality rate in patients 
with idiopathic AF and in controls. However, impor
tant differences in patient characteristics exist: 
Copecky reported on young patients (mean age, 44 
years) affected predominantly by paroxysmal AF, 
while patients in the Framingham study were older 
(mean age, 70 years); all had chronic AF, and 32% had 
hypertension, suggesting that some patients in the 
Framingham study were not truly idiopathic. Data 
gathered from insurance companies suggest that idio
pathic paroxysmal AF does not increase mortality 
compared with controls, while chronic idiopathic AF 
produces an eightfold increase in mortality (48). Since 
cardiovascular abnormalities were ruled out only ret
rospectively the incidence of heart disease was under
estimated. From these data we can argue that the 
prognosis in lone AF depends on the presence of an 
occult cardiovascular disease that might not become 
manifest until follow-up rather than on the arrhythmia 
itself. Therefore, the prognosis appears to be excellent 
in young non hospitalized patients with idiopathic 
paroxysmal AF, while chronic AF in elderly patients 
cannot be considered benign (14). 

The effects of AF in dilated cardiomyopathy and 
in congestive heart failure have been studied more ex
tensively. AF is a common rhythm in congestive heart 
failure and is often believed to be an unfavorable clini
cal characteristic. However, studies on AF in heart 
failure offer conflicting results (49, SO). Some authors 
(S1) showed that AF has no effect on survival, while 
others (S2) found a deleterious effect of AF on uni
variate analysis, but not when multivariate analysis 
was applied. In a recent study based on patients in NY
HA (New York Heart Association) functional class III 
- IV, AF was associated with a further impairment of 
survival only in those with lower pulmonary capillary 
wedge pressure on therapy, but not in those with ele
vated pulmonary capillary wedge pressure (SO). These 
data may suggest a potential explanation for the con
flicting results of previous studies: any additional he
modynamic dysfunction produced by AF is probably 
relatively insignificant in patients with very severely 
depressed ventricular function, as indicated by the 
higher pulmonary capillary wedge pressure; while in 
patients with low pulmonary capillary wedge pressure, 
who have a relatively better prognosis, the additional 
functional impairment may be relevant. This explana
tion is supported by the study by Greenberg (S), who 
showed that, in patients with high pulmonary capillary 
wedge pressure, the loss of atrial contraction does not 
produce a fall of cardiac output. 

The prognostic significance of AF in coronary 
artery disease has only been poorly analyzed. The fre-



quency of AF in coronary artery disease is less than 
2% (53). Coronary Artery Surgery Study (CASS) data 
established that AF is associated with congestive heart 
failure or left ventricular dysfunction or mitral regurgi
tation, but it does not correlate with the extent of coro
nary artery disease (53). Moreover, AF was identified 
as an independent predictor of mortality with a rela
tive risk of 1.98 as compared with sinus rhythm (53). 
Similar results were obtained in the Framingham 
study: the risk ratio was significantly higher (3:1) in 
men with coronary artery disease who developed 
chronic AF (54). 

Conclusions 

AF is usually a consequence of heart disease, and mor
tality depends on the underlying structural heart dis
ease. The occurrence of AF, however, may produce 
systemic embolism and hemodynamic dysfunction, 
which may aggravate the clinical course of the disease. 
Available data indicate that the increased mortality 
rate observed in AF patients is essentially related to 
embolism. The hemodynamic dysfunction is probably 
not clinically relevant in lone AF, but may increase 
mortality in heart failure and in coronary artery dis
ease patients. Moreover, AF with uncontrolled heart 
rate produces congestive heart failure and probably 
death even in the absence of structural heart disease. 
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Thromboembolic Risk in Patients with Atrial Fibrillation: 
Can It Be Predicted on the Basis of Clinical Variables? 

s. Scardi, C. Mazzone, D. Goldstein, C. Pandullo, and G. Sinagra 

Centro Cardiovascolare, Ospedale Maggiore, Trieste, Italy 

Introduction 

Atrial fibrillation (AF) is a common disorder of car
diac rhythm and its incidence increases with each 
decade of life (1). In the past, rheumatic mitral valve 
disease has been the condition most highly associated 
with AF. However, more recently, other conditions 
have assumed greater importance, particularly AF 
which is not associated with rheumatic valvular heart 
disease (NRAF). The risk of stroke in these patients is 
estimated to be fivefold greater than that of compara
ble patients in sinus rhythm (2). 

Recent trials demonstrated that prophylactic anti
coagulation decreases the rate of stroke significantly 
with an acceptably low rate of hemorrhagic complica
tions (3-8). 

Since the risk of embolism appears to continue in
definitely and the management of anticoagulant thera
py is not easy, especially in older patients, it is neces
sary to identify high and low risk subgroups of sub
jects; moreover, this classification may influence the 
decision regarding anti thrombotic prophylaxis. The re
suIts of subgroup analysis to evaluate embolic risk fac
tors performed in international trials have not been 
uniform, and the power of the analyses itself has been 
limited by the relatively small number of embolic 
events in each study (4). 

The TASAF Study 

In order to verify the predictive variables of throm
boembolic risk in the Italian population, we studied 
694 consecutive patients with chronic NRAF who are 
enrolled in the Trieste Area Study on Nonrheumatic 
Atrial Fibrillation (T ASAF); this was an ongoing 
prospective community study with a 2-year follow
up. 

The study population showed an elevated mean 
age (71±9 years), a prevalence of males (383/694), a 
high prevalence of overt or previous heart failure 
(23 %), mitral regurgitation confirmed at echocardiog
raphy (30%), and of previous myocardial infarction 
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Table 1. Characteristics of enrolled popUlation (694 patients) 

Characteristic 

Age (years, mean±s.d.) 
AF duration (months) 
Sex (m/f) 
Smokers 
Hypertension 
Diabetes 
Hyperthyroidism 
Previous myocardial infarction 
Previous heart failure 
Pacemaker 
Mitral regurgitation 
Aortic stenosis 
Aortic regurgitation 
Aortic stenosis and regurgitation 
Lone AF 
No defined cardiopathy 
Coronary heart disease 
Left ventricular hypertrophy 
Congenital heart disease 
Dilated cardiomyopathy 
Degenerative cardiopathy 
Other etiology 

AF, atrial fibrillation. 

Number 

71±9 
58±66 
383/311 
86 
402 
63 
24 
76 
160 
33 
210 
25 
54 
10 
89 
100 
113 
198 
13 
30 
137 
14 

Percentage 

12 
58 
9 
3 
11 
23 
5 
30 
4 
8 
2 
13 
14 
16 
28 
2 
4 
20 
2 

(11 %). Many of the enrolled patients had a history of 
hypertension (58%; Table 1). 

According to the etiology of the underlying heart 
disease, the following should be emphasized: a high in
cidence of left ventricle hypertrophy, with or without a 
history of hypertension (28%), degenerative (20%) or 
unclassifiable heart disease (14%), and lone AF 
(13 %). Among the echocardiographic findings there 
were: left ventricular dysfunction (17%), mitral annu
lar calcification (27%), and good mean left ventricular 
function (ejection fraction, EF, 0.50±O.15); 458 of 694 
patients (66%) had a cardiothoracic index > 0.50. 
(Table 2). 

Examining the history of the patients, there were 
134 embolic events; 96 were clinically documented in 
79 subjects while in 34 patients there were 38 episodes 
suspected of embolism or transient ischemic attacks. 
(TIA). Nine patients suffered one recurrence of em
bolism, three patients suffered two recurrences, one 



Table 2. Echocardiographic and chest X-ray findings Event free Survival (%) 

Left atrial diameter (em) 4.6±0.S 
100 

Left a trial area (em') 27.5±7.S 
LVEDD (cm) 5.2±0.S 95 
SF (%) 36±12 
EF (%) 5S±15 90 
Asynergy (score) 1.4±3.5 
Mitral valve prolapse 27 ( 4%) 
Mitral annular calcification 182 (27%) 

85 

Left ventricular dysfunction 120 (17%) 
CTT > 0.5 458 (66%) 80 

LVEDD, left ventricular end diastolic diameter; SF, ventricular 75 
shortening fraction; EF, ejection fraction; CTI, cardiothoracic in-
dex. 70 L......-L.~-L.-L.-L......L..-L......L......L.......L...-'-....L.......L.......L.......L.......L.......L......L......L...-"--' 

Table 3. Thromboembolic recurrences and outcome in patients 
with previous major or suspected embolic event or TIA 

Major event Suspected eventfTlA 
(n) % (n) % 

Single event 66 84.6 29 85.2 
First recurrence 7 8.9 2 5.8 
Second recurrence 2 2.5 1 2.9 
Third recurrence 1 1.2 
First suspected recurrencefTTA 2 2.5 2 5.8 
Total 78 34 

With disability 16 21 
Without disability 62 79 

TIA, transient ischemic attack. 

patient had three recurrences, and four patients had 
one suspected recurrence of TIA (Table 3). Thirty-five 
embolic events were clustered around the time of the 
onset of the arrhythmia, the other 99 thromboembolic 
complications appeared after the onset of AF: range 1-
266 months (Fig. 1). Among the 616 patients without a 
history of embolism at the time of the first control only 
3% were treated with oral anticoagulant agents and 
28% with antiplatelet therapy, while among the 78 
subjects with documented embolism 28% were receiv
ing anticoagulant therapy and 58% were treated with 
antiplatelet agents. 

Thromboembolic Variables 

The group of patients with documented embolic 
events, as compared with patients without embolism 
or with suspected embolism or TIA, demonstrated 
variables predictive of thromboembolic complications: 
arrhythmia duration (p=O.009) and previous myocar-

Table 4. Predictive variables of major embolic events 

Variable None or suspectedfTIA 
(n) 

Hypertension 350 
Previous MI 62 
Left ventricular hypertrophy 169 
Mitral annular calcification 155 
Total patients 616 
AF duration (months) 56.13±66.0S 

AF, atrial fibrillation; MI, acute myocardial infarction. 
*=p sO.05. 
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Years of Follow-up 

Fig. 1. Kaplan-Meier curves of event ~ free survival in patients with 
major thromboembolism (-) and with total events (major + sus
pected events/transient ischemic attack; ....... ). Note the clear cluster 
of thromboembolic events during the first month after the begin
ning of the atrial fibrillation in both curves 

dial infarction (p=O.03). In contrast, mitral annular 
calcification (p=O.06), history of hypertension 
(p=O.09) and left ventricular hypertrophy (with or 
without history of hypertension) (p=O.07) demonstrat
ed only a slight trend towards statistical significance 
(Table 4). Comparing the clinical characteristics and 
echocardiographic findings of patients without em
bolism with those of patients with true embolism or 
suspected embolism or TIA, the variables predictive 
of thromboembolic events were arrhythmia duration 
(p=O.007), history of hypertension (p=O.Ol), left ven
tricular hypertrophy, with or without hypertension 
(p=O.02), and mitral annular calcification (p=O.01). 
Age showed only a trend towards statistical signifi
cance (p=O.06; Table 5). 

These data are in agreement with many other re
ports in the literature. In fact, a previous myocardial 
infarction is predictive of embolism in the AF ASAK 
(6) and BAATAF (8) studies, while the presence of is
chemic heart disease without myocardial infarction or 
left ventricular dysfunction does not increase the em
bolic risk. 

In our study, the presence of left ventricular hy
pertrophy, either associated or not with a history of 
hypertension, was predictive of a thromboembolic 
event (p=O.02). The same was true for mitral annular 
calcifications (p=O.01). These last echocardiographic 

Embolic event 

Major p value 
(%) (n) (%) 

57 52 67 0.09 
10 14 18 0.03* 
28 29 37 0.07 
25 27 35 0.06 

78 
n07±62.1O 0.009* 



Table 5. Predictive variables of all embolic events 

Variable 
n 

Hypertension 325 
Left ventricular hypertrophy 156 
Mitral annular calcification 142 
Total patients 582 
Age (years) 71.2±8.82 
AF duration (months) 55.52±66.96 

AF, atrial fibrillation; TIA, transient ischemic attack; 
*=p ~0.05. 

None 

findings represent an independent risk factor in the 
study of Benjamin et al. (9) and in BAATAF (8), but 
no statistical significance was found in the SP AF (7). 

In our study, arrhythmia duration was the most 
important predictive variable of thromboembolic risk. 
The Framingham study (10) showed that in 37% of 
patients with stroke, AF was present for less than a 
period of 2 years and in most cases the embolism 
developed a few months after the appearance of the 
arrhythmia, while Petersen et al. (11) documented an 
incidence of 13% in the first year and 4% in the fol
lowing years. 

In agreement with other authors (3,5), but con
trary to the results of the BAA T AF (8) and SP AF (7) 
studies, left atrial size was not predictive of embolic 
risk in our patients. It is noteworthy, however, that left 
atrial geometry is complex, and its echocardiographic 
evaluation with the M-mode technique may give inad
equate results, while a two-dimensional examination is 
more reliable. Finally, it is not fully understood 
whether left atrial enlargement is the consequence or 
the cause of AF (12). 

Transesophageal echocardiography 

Transthoracic echo cardiography (TTE) often fails 
to disclose an unequivocal cardiac source of embolism; 
therefore, transesophageal echo cardiography (TEE) 
should be performed (13). TEE is more sensitive in 
detecting abnormalities than earlier methods and may 
result in more frequent recognition of cardiogenic 
embolism, particularly in the left atrial appendage 
(14). Therefore, the role of TEE in functional evalua
tion of the left atrial appendage is an important com
ponent of the comprehensive evaluation of potential 
increased risk of thrombus formation (15-18). 

For these reasons, TTE and TEE studies were per
formed in 97 patients (55 males and 42 females, age 
mean±S.D., 71±9 years at follow-up). The left atrium 
and appendage were inspected for thrombus and spon
taneous echocontrast which was graded from none (0) 
to severe (4). Outflow velocity profiles were obtained 
by pulsed wave Doppler at the orifice of the left atri
um appendage. 

Atrial thrombosis was found in one patient and 
spontaneous echocontrast in two with TTE. With TEE 
we found thrombosis in 21 patients (21.6%; in the atri
um in two and in the left appendage in 19) and sponta
neous echocontrast in 39 patients (40.2%; in both atria 
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Embolic event 

Major or suspected/TIA p Value 
% n % 

56 77 69 0.01 * 
26 42 37 0.02* 
25 40 36 0.01 * 

112 
72.9±8.3 0.06 
73.89±58.13 0.007* 

in one; p=O.OOl). Of the 39 patients with spontaneous 
echocontrast 16 (41 %) had left atrial thrombus, com
pared with five (9%) of the 58 patients without sponta
neous echocontrast (p=0.000l). Factors related to left 
atrial thrombus included a history of hypertension 
(p=0.05), larger left atrial area (p=0.05), the presence 
of spontaneous echocontrast (p=0.000l), a low ejection 
fraction (EF%) of the left atrial appendage in horizon
tal (p=0.006) and vertical sections (p=0.003), a low 
peak filling velocity (PFV cm/s; p=O.OOOl) and peak 
emptying velocity (PEV cm/s; p=O.OOOl) in horizontal 
and vertical sections (p=0.000l and p=O.OOl, respec
tively) and a low/absent flow in the left atrial ap
pendage (p=0.00001; Table 6). 

Variables with statistical significance associated 
with the presence of spontaneous echo contrast were 
the left atrial area (p=0.03), the presence of thrombo
sis (p=0.000l), a low EF% of the left atrium in hori
zontal section (p=0.0l), a low PFV cm/s (p= 0.04) and 
a low PEV cm/s (p=0.04) in horizontal section and a 
low PEV cm/s (p=0.02) in vertical section and a 
low/absent flow in the left appendage (p=0.0007); mi
tral annular calcifications (p=0.06) showed only a 
trend towards statistical significance (Table 7). 

It is important to note that the presence of throm
bosis and spontaneous echocontrast did not identify 

Table 6. Factors related to left atriallappendage thrombi 

Variable LA thrombus No LA trhombus p Value 

Patients (n = 97) 21 76 
Hypertension 13 (62%) 29 (38%) 0.05* 
Duration AF 105.6±86 76.2±62 0.08 

(months) 
LA SEC 16 (76%) 23 (30%) 0.0001 * 
LA AREA (cm') 30±7 26±7 0.05* 
HLAAEF 20.5±11 31±13 0.006* 
VLAAEF 22±14 32±12 0.003* 
LAAlowl 17% 3% 0.00001* 
absent flow 

HPFV (cm/s) 21.7 ± 8 37 ± 11 0.0001 * 
HPEV (cm/s) 18 ± 4 28.5± 12 0.0001 * 
VPFV (cm/s) 25.1 ± 13 36.1 ± 11 0.0001 * 
VPEV (cm/s) 18.7 ± 8 28.4 ± 12 0.001 * 

LA, left atrium; LAA, left atrial appendage; SEC, spontaneous 
echocontrast; HLAAEF, left atrial appendage ejection fraction in 
horizontal section; VLAAEF, left atrial appendage ejection 
fraction in vertical section; HPFY, horizontal peak filling velocity; 
HPEV, horizontal peak emptying velocity; VPFY, vertical peak 
filling velocity; VPEY, vertical peak emptying velocity. 
*=p ~0.05 



Table 7. Factors related to left atrial/appendage spontaneous 
echocontrast 

Variable LA SEC No LA SEC p Value 

Patients (97) 39 58 
Mitral annular 17(47%) 15 (28%) 0.06 
calcification 

LAAlow/ 24 (63%) 53 (91 %) 0.0007* 
absent flow 

LA thrombus 16(41%) 5 (9%) 0.0001 * 
LA area 29±6 26±7 0.03* 
HLAAEF 24 ± 14 32 ± 12 0.01 * 
HPFV (cm/s) 30 ± 13 36± 11 0.04* 
HPEV(cm/s) 23 ± 11 28± 12 0.04* 
VPFV (cm/s) 31 ± 14 35.5 ± 10.4 0.08 
VPEV (cm/s) 23 ± 12 28.5 ± 12 0.02* 

LA, left atrium; LAA, left atrial appendage; SEC, spontaneous 
echocontrast; HLAAEF, left atrial appendage ejection fraction in 
horizontal section; VLAAEF, left atrial appendage ejection 
fraction in vertical section; HPFV, horizontal peak filling velocity; 
HPEV, horizontal peak emptying velocity, VPFV, vertical peak 
filling velocity; VPEV, vertical peak emptying velocity. 
*=p:'; 0.05. 

the patients treated with antiplatelet or anticoagulant 
drugs or those with or without previous thromboem
bolic complications. 

To verify whether there are differences between 
high and low appendage flow in clinical, demographic, 
and echocardiographic characteristics, we classified 
our patients into two groups according to two different 
left atrial appendage flow patterns: group A with a 
high flow profile (hf) defined by high peak filling or 
emptying waves (or;::: 25 cm/s) and group B with a low 
flow profile (If) defined by irregular, very low peak fill
ing or emptying waves «25 cm/s) associated with al
most no visible appendage contractions. In eight pa
tients it was not possible to obtain good Doppler sig
nals (Table 8). 

The patients with a low left appendage flow had 
thrombus and/or spontaneous echocontrast more fre
quently located in the left atrium/appendage. Low flow 
was not related to a history of previous thromboem
bolism, and it was not influenced by anticoagulant 
and/or antiaggregant drugs or duration of AF. Mitral 
regurgitation did not seem to protect the left atrium 
and/or appendage against thrombus formation and lor 
spontaneous echocontrast. 

A low flow pattern was related to a large left atri
um (p=O.004), with a low left atrial appendage EF% in 
both sections (in horizontal section p=O.0001 and in 
vertical section p=O.003), and with cardiomegaly on 
chest X-ray (p=0.02). 

In conclusion, the left atrial appendage function 
study finds variables with statistical significance associ
ated with the presence of thrombosis and/or sponta
neous echocontrast. However, in this first group of pa
tients the findings do not identify those with or without 
previous thromboembolic complications. 

Hematologic Correlates 

The onset of NRAF is strictly correlated with an immi
nent appearance of embolic complications, particularly 
in the brain. This is probably because the arrhythmia 
decreases cerebral flow and contributes to the devel-
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Table 8. Demographic and echocardiographic characteristics in 
patients with left atrial appendage high (group A) and low (group 
B) flow profile 

Variable Group A GroupB pValue 

Patients (n = 89) 35 (39%) 54(61%) 
D-dimer (~ 500 ng/ml) 9 7 0.39 
Fibrinogen (>350 mg/dl) 5 6 1.00 
Age (years mean±S.D.) 67+/-10 71 +/-9 0.06 
Previous embolism/TIA 3 6 0.69 
Antiaggregant 16 (46%) 19(35%) 0.32 
Anticoagulant 3 (8.6%) 10(19%) 0.32 
Mitral regurgitation 10 (29%) 24 (50%) 0.06 
LA SEC 9 (26%) 27 (50%) 0.02* 
LA/LAA Thrombus 1 (3%) 18 (33%) 0.001 * 
LA AREA (cm') 25 ± 7 29 ± 6 0.004* 
HLAAEF(%) 35 ± 11 24 ± 13 0.0001 * 
VLAEF(%) 35 ± 11 27 ± 13 0.003* 
CTI > 0.5 11 (31 %) 30 (56%) 0.02* 

LA, left atrium; LAA, left atrial appendage; SEC, spontaneous 
echocontrast; HLAAEF, left atrial appendage ejection fraction in 
horizontal section; VLAAEF, left atrial appendage ejection 
fraction in vertical section. TlA, transient ischemic attack. 
* =p :,;0.05. 

opment of stroke (4). In fact, in previous studies a 
higher incidence of embolic episodes was found in the 
days following the onset of AF (10). This cluster was 
also confirmed in our study where 26.1 % of embolic 
events occurred in the first month after the appearance 
of the arrhythmia. However, the embolic risk can be 
maintained for a long period (266 months). Therefore, 
it is possible that, besides the cardiac factors, other al
terations of coagulation may play an important role in 
the genesis of thromboembolism (19,20). 

Sensitive new biochemical markers for assessing 
platelet activity (platelet factor 4 and B-thromboglobu
lin) and status of thrombin generation (fibrinopeptide 
A, thrombin-antithrombin III complex) and fibrinoly
sis (D-dimer, plasma a2 plasmin inhibition complex) 
have made it possible to evaluate such activities in pa
tients with NRAF (19). 

We evaluated two other parameters of the coagu
lation system to look for a hematologic marker of em
bolic risk: D-dimer (in 59 patients) and fibrinogen (in 
54 patients), considering normal as less than 500 ng/ml 
and less than or equal to 350 mg/dl, respectively (21). 
There was no statistically significant relationship be
tween the concentrations of these two parameters and 
any of the variables tested, either with a history of em
bolism, the presence of thrombi or spontaneous 
echocontrast, or the echocardiographic characteristics 
of left atrial appendage function. 

Conclusions 

In several studies many risk factors have been identi
fied as being associated with the increased likelihood of 
thromboembolic events. Although AF is a well-known 
risk factor for embolic events in patients with condi
tions of nonrheumatic etiology, it remains unclear 
whether anticoagulation treatment can prevent embolic 
stroke. Part of the dilemma is due to the fact that the 
determinants and predictors of embolic events in pa
tients with NRAF are not clearly defined (Table 9). 



Table 9. Clinical and demographic variables and relative risk of 
embolic events (international studies) 

Variable Relative risk Confidence 
RR95% interval 

Previous embolism 3.1 1.9-5.2 
Hypertension 1.9 1-2.8 
Myocardial infarction 1.7 1.1-2.7 
Congestive heart failure 1.7 \.1-2.5 
Increasing age 1.4 1.1-1.8 

In our study clinical variables with prognostic val
ue included the duration of arrhythmia, left ventricular 
hypertrophy (with or without a history of hyperten
sion), and previous myocardial infarction. Among the 
echocardiographic findings mitral annular calcification 
was significantly related to thromboembolism. 

TEE was more sensitive in demonstrating sponta
neous echocontrast and/or atrial and auricular throm
bus than TTE and was also suitable for measuring oth
er parameters of left atrial appendage function (partic
ularly low flow), which are strictly related to the pres
ence of thrombus and/or spontaneous echocontrast in 
these cavities. However, the role of alterations of coag
ulation in the genesis of thromboembolism is unclear. 

Patients with NRAF should be treated with low
dose warfarin, especially if high-risk features for 
thromboembolism are present. In patients in whom 
anticoagulant therapy is contraindicated and in young 
patients with lone AF, therapy with 325 mg aspirin per 
day is preferred. The efficacy of aspirin has not been 
established in patients with AF who are older than 75 
years of age. In the SP AF II study for patients receiv
ing warfarin, a broad anticoagulation target was used: 
international nomalized ratio (INR) 2.0 to 4.5. In pa
tients ~ 75 years old, the risk of stroke was 2% in pa
tients treated with either aspirin or warfarin. In those 
> 75 years old, warfarin was more effective in prevent
ing thromboembolic stroke, but the rate of thrombotic 
stroke plus intracranial hemorrhage was not signifi
cantly different in the two groups (22). Potential bleed
ing complications with warfarin mandate judicious se
lection of patients for long-term anticoagulant therapy 
and they should be monitored strictly for obtaining a 
reasonable degree of safety. 
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Should All Patients Undergo Transesophageal Echocardiography 
Before Electrical Cardioversion of Atrial Fibrillation? 
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Mestre-Venice, Italy 

Transesophageal Echocardiography and Source of 
Embolism 

Electrical cardioversion may be complicated by cere
bral, systemic, and pulmonary embolic events in 0.6%-
7% (1-3) of patients undergoing the procedure. 
Thromboembolism has been attributed to the dislodg
ment of preformed thrombus from the left atrium 
(LA) or left atrial appendage (LAA) with the resump
tion of sinus rhythm and atrial contraction (4). 

Recently, spontaneous echocontrast (SEC), that is, 
an erythrocytic aggregation detectable by ultrasound 
(5), has also been considered a cause of embolic events 
(6-8). Thrombus and SEC are on average located in 
the LA and,above all, in the LAA so their prevalence 
in patients with atrial fibrillation (AF) may be under
stimated by common noninvasive tools such as 
transthoracic echocardiography (TTE). 

We must also outline that abnormalities such as 
the patent foramen ovale or aneurysm of the interatri
al septum, Chiari's network, the mitral or tricuspid 
strands and the intra-aortic atherosclerotic debris can 
favour thromboembolism; the diagnostic sensitivity of 
TTE for these pathologies is poor, ranging from 15% 
to 19% (9) while transesophageal echo cardiography 
(TEE) exhibits a sensitivity ranging from 57% to 86% 
(9-12). 

The diagnostic sensitivity of TEE for atrial or au
ricular thrombus and SEC ranges from 83% to 100% 
(9,13) while the diagnostic sensitivity of TTE ranges 
from 1.4% to 37% (14-16). Thus TEE is clearly superi
or to TTE for the detection of potential sources of em
bolism. 

TEE and LAA Dynamics 

In the 1990s many papers have emphasized the useful
ness of investigating LAA contraction and Doppler 
flow by TEE. Pollick and Taylor (17) demonstrated 
that LAA thrombus and SEC were frequent in pa
tients with AF or sinus rhythm when their LAA was 
enlarged and poorly contracting. 
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Garcia-Fernandez et al. (18) studied 39 consecu
tive patients and identified three main patterns of au
ricular Doppler flow: the first, in subjects with sinus 
rhythm, was characterized by tall waves of LAA emp
tying and filling synchronous rhythm with P wave on 
electrocardiogram (ECG); the second, in subjects with 
AF, exhibited a sawtooth shape with peak velocities of 
49±12 cm/s; the third, also in subjects with AF was 
characterized by small or unidentifiable waves. Only 
the last group had evidence of thrombus or SEC. 

Verhost and coworkers (19) demonstrated that in 
patients with nonrheumatic AF auricular Doppler flow 
waves were lower in subjects with previous embolism. 
The authors also outlined that in the same patients 
pulmonary vein flow could not identify subjects with 
varying embolic risk. 

Miigge et al. (20) also observed that in patients 
with nonrheumatic AF, auricular peaks flow waves 
lower than 25 cmls correlated with the presence of 
thrombus or SEC and with previous embolism. 

Thromboembolism After Electrical Cardioversion 

Cerebral systemic and pulmonary embolism may occur 
after direct current countershock (DCC), despite nega
tive results on precardioversion TEE (3,21). In fact, 
DCC provokes a transient impairment of the dynamics 
of LAA which, after sinus rhythm, may be worse than 
during previous AF (22). In such atrial or auricular 
stunning, SEC may appear or intensify if previously 
present. In ours and other authors' experience SEC 
becomes thicker and thicker during the 10 min after 
DCC and may persist for 72 h. Thus we can hypothe
size a de novo formation of thrombus at a variable 
time interval from DCC (21 );the restoration of LA and 
LAA contraction after DCC takes place at time inter
vals varying from a few hours to several days and rare 
cases of 3 month atrial stunning have been reported 
(23). This problem has been analyzed by serial evalua
tions of A wave of left and right ventricle Doppler fill
ing curves after DCC (23-25). 

Manning et al. (23) outlined that the peak A wave 



velocity and percent atrial contribution to total left 
ventricular filling did not return to normality before 3 
weeks after cardioversion in patients who remained in 
sinus rhythm. Dethy et al. (25) emphasized that an in
crease of A wave from 4 to 24 h <10% is strongly pre
dictive for recurrence of AF. 

These papers allow us to conclude that throm
boembolism is not only the consequence of cardiac ab
normalities coexisting with AF but it may also be con
sequent to DCC itself. Doppler echocardiography, 
above all TEE, constitutes a new window to view the 
pathophysiology of these ischemic events (2,3,17,18,25). 

Thrombus, SEC and Embolic Risk 

Previous studies (26,27) have demonstrated a signifi
cantly higher prevalence of atrial or auricular throm
bosis in subjects who experienced embolic events than 
in subjects who did not. Thus, thrombus is estimated to 
be the fundamental cause of embolism. Nevertheless, 
the prevalence of atrial or auricular thrombosis in pa
tients with AF ranges from 2.5% to 40% (2,3) while 
the prevalence of embolic events in patients undergo
ing DCC ranges from 0.6% to 7% (1,2). Thus we can
not establish a direct correlation between intracavitary 
thrombosis and embolism. 

Actually SEC is also considered an independent 
risk factor for embolism (6-8,12); nevertheless, this 
conclusion is based upon retrospective studies of pa
tients who previously experienced embolic events, and 
SEC might be a concomitant phenomenon, not the re
al cause of embolism. 

Fatkin et al. (3) reports four patients who exhibit
ed intensification of SEC and a parallel dynamic im
pairment of atrial and auricular function after DCC; 
two of them experienced embolism during follow-up. 

We studied 20 cases by TEE during electrical car
dioversion; in the only patient who subsequently expe
rienced embolism we noticed a strong thickening of 
SEC soon after the procedure. This patients was af
fected by severe mitral stenosis. 

In one paper on SEC in enlarged and hypokynetic 
hearts (28), the authors describe the persistence of the 
contrast in ventricles in which dynamics did not improve 
with medical treatment; on the contrary, in the study 
population studied SEC decreased or dissolved in 
hearts which improved hemodynamically. Only patients 
in the former group experienced embolism during the 
follow up. These reports emphasize that concomitant 
anatomical or functional pathologies are probably need
ed to increase the risk of thrombus or SEC. 

In previous studies ( 20,26,29) patients with long
standing AF or more aged as well as patients affected 
by hypertension, ischemic heart disease, cardiomyopa
thy, mitral valve disease or mitral prosthesis were con
sidered as high risk subjects for embolism. Other au
thors (10,12,30), by TEE investigation, often found 
anatomical and functional cardiac abnormalities 
favouring embolism in such subjects. Thus, we can 
clinically identify, at least in part, groups of individuals 
at higher embolic risk whom we must observe carefully 
and submit to further investigations if they are under
going cardioversion. 
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Thrombus, SEC, and Anticoagulation Treatment 

Long-term warfarin treatment can significantly reduce 
the prevalence of embolic complications in patients 
with AF who are undergoing DCC (29,31). With this 
treatment we can also resolve or at least stabilize an 
intracavitary thrombosis (32). Thus an empiric regi
men of anticoagulation for 2-4 weeks before the car
dioversion procedure has been recommended (33). 
There is not yet general agreement on anticoagulation 
in subjects with echocardiographic detection of 
"smoke." We know that SEC represents an erythrocyt
ic aggregation conditioned by the interaction with plas
ma proteins and modulated by the shear rate of the 
blood flow (3,5). Warfarin treatment does not modify 
the prevalence and the echocardiographic characteris
tics of SEC although it also proved effective in pre
venting thromboembolism in patients with this 
echocontrast (5,28). We may hypothesize that antico
agulants can prevent "smoke" from transforming into 
more organized structures such as thrombus. Thus, it 
seems sensible to extend warfarin or heparin treatment 
to patients with SEC if they are undergoing cardiover
sion. 

Which Patients Need TEE for cardioversion? 

As TEE can give substantial information about abnor
malities favouring thromboembolism in patients with 
AF, it is ethical to propose the diagostic tool to all pa
tients with suspected high risk factors. TEE should be 
performed several times until the embolic risk is low
ered. In this way we can prevent catastrophic and high
cost consequences such as stroke. Furthermore, TEE 
may obviate the need for several weeks of prophylactic 
anticoagulant therapy before cardioversion in patients 
without thrombus or SEC. The treatment is costly and 
may create problems, depending on the level of educa
tion and compliance in these individuals. 

A recent analysis (34) of cost-effectiveness of 
TEE-guided cardioversion with anticoagulation as 
compared to conventional therapy in patients with AF 
has considered the following advantages of TEE: de
creased embolic risk, guided anticoagulation therapy, 
convenience, decreased duration of anticoagulant 
treatment, and earlier DCC. The authors conclude that 
TEE-guided cardioversion can be expected to reduce 
costs by 39% compared to conventional therapy. 

In low-risk patients TEE would allow us to detect 
underlying abnormalities that are unlikely but not im
possible in this group of subjects with AF (3) and as al
ready mentioned, we could obviate prolonged antico
agulation treatment. Management problems in 
echo cardiographic laboratories do not allow a routine 
use of TEE in these patients at the present time. Fu
ture trends may indicate using this diagnostic tool dur
ing cardioversion (3) in order to obtain substantial in
formation about unfavorable anatomical and function
al situations before and after DCC. Because these pa
tients are presumed to be free from intracavitary 
thrombus or intense SEC, the need to perform TEE 
before the cardioversion is obviated and we can couple 
TEE with anesthesia induction. The probability of 
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Fig. 1_ Algorithm proposed in patients with high embolic risk. AF, 
atrial fibrillation, INR, international normalized ratio, TEE, trans
esophogeal echocardiography; LA, left atrium; LAA, left atrial ap
pendage; SEC, spontaneous echocontrast; DCC, direct current 
counterschock. (Modified from [2]) 

having to stop the procedure owing to the detection of 
a clot is remote in such patients. Thus by a single TEE 
we can obtain useful information before DCC and, by 
leaving the probe in situ during the delivery of the car
dioversion shock, we can analyze LA and LAA func
tion and erythrocytic aggregation after sinus rhythm 
restoration, If we analyze the A wave of the transmi
tral and transtricuspidal ventricular filling flow 24 h 
later by a short transthoracic echo-Doppler investiga
tion, we can completely evaluate the embolic risk of 
the patients in order to suit subsequent therapy. These 
advantages surely compensate for the additional 15 
min of anesthesia necessary to couple TEE and car
dioversion. 

Echo-Guided Anticoagulation Therapy 

In patients with a high embolic risk TEE should be 
performed after a short course, 5 days on average, of 
warfarin treatment which is necessary to reach an opti
mal therapeutic range (international normalized ratio, 
INR, close to 3). If no thrombus or SEC is detected, 
cardioversion can be performed and the coagulation 
treatment will be maintained for the following 4 weeks 
in order to prevent postcardioversion thrombosis, If a 
LA or LAA clot is identified, DCC should be post
poned while anticoagulant therapy is maintained for 6-
8 weeks. TEE should then be repeated; if the throm
bus is resolved, cardioversion and a subsequent 4 
weeks treatment by warfarin is indicated. If a clot is 
still present, then the cost-benefit ratio of cardiover
sion must be evaluated. Also, if SEC without a clot is 
detected, DCC should be postponed; the procedure 
should be performed after 3 weeks of warfarin treat
ment in order to prevent the "smoke" from transform
ing into clot. Thereafter, the therapy is maintained for 
4 weeks (Fig. 1). 

In patients thought to be at low risk, simultaneous 
TEE and DCC are proposed after an average of 5 days 
of warfarin treatment. If thrombus and intense SEC 
are identified, the protocol previously described is fol
lowed. If SEC with an intensity degree lower than 2+ ( 
a swirling pattern of smoke that is detectable only 
transiently during the cardiac cycle in the LAA or LA 
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Fig. 2. Future trend in patients with low embolic risk. TTE, 
transthoracic echocardiography. See Fig. 1 legend for other abbre
viations. 

cavity) is identified, cardioversion is performed: if 
thereafter smoke increases to 3+ or to a higher degree 
of intensity (dense swirling pattern in the LAA and 
LA cavity detectable constantly throughout the car
diac cycle) subsequent warfarin therapy for 4 weeks is 
recommended. If SEC does not increase after car
dioversion, decisions about therapy are posponed for 
24 h after recording the transmitral and transtricuspi
dal flow by transthoracic doppler echocardiography. 
At that time, if the atrial contribution to ventricular 
filling is lower than 10%, patients will be maintained 
on anticoagulation therapy in the subsequent 4 weeks; 
if the atrial contribution is greater than 20%, no anti
coagUlation is prescribed (Fig. 2). 
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Introduction 

Atrial fibrillation (AF) carries a high risk of systemic 
embolism, in particular stroke. This is true not only 
when AF is associated with rheumatic valvular disease, 
but also in the so-called nonvalvular AF (NYAF) (1-7). 

The principal mechanisms for stroke in AF are 
emboli due to stasis-related left atrial thrombi (associ
ated with enlarged atria and thrombi in the left atrial 
appendage or atrial septal aneurysm), or stasis-related 
left ventricular thrombi (associated with left ventricu
lar enlargement). Because of blood flow stasis, activa
tion of the coagulation system with fibrin formation 
predominates over platelet activation as the principal 
mechanism in the development of intracavitary throm
bi. According to the pathogenetic mechanism antico
agulation seems the most appropriate prophylactic 
treatment (8). 

Alternative mechanisms for stroke in patients with 
NY AF include structural abnormalities of the mitral 
valve (including myxomatous or thickened valvular 
leaflets or mitral annular calcification), coexisting ath
erosclerotic carotid artery disease (in approximately 
25% of AF-associated strokes), or atherosclerotic 
plaques in the ascending aorta and proximal arch. In 
these conditions sources of emboli are represented by 
platelet-fibrin thrombi and therefore platelet inhibi
tion may be effective (9). 

Five recent randomized, placebo-controlled, clini
cal trials (10-14) assessing antithrombotic therapy as 
primary prevention in NY AF have shown that in pa
tients with NY AF not anticoagulated the annual inci
dence of ischemic stroke ranges between 3% and 5.8% 
(mean 5 %) with a 2.5 % incidence of disabling stroke; 
also including transient ischemic attacks (TIA) the in
cidence increases to 7% and to >7% considering silent 
cerebral infarction detected by computed tomography 
(CT) scan or magnetic resonance imaging (MRI). 

An analysis from the SPAF study (15), subse
quently confirmed by meta-analysis of pooled data 
from the five randomized controlled trials (16), has 
shown that in the large population of patients with 
NY AF the risk of stroke is not homogeneous. Stratifi-
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cation of AF patients into those at high and low risk of 
thromboembolism is possible and warranted in order 
to plan optimal antithrombotic prophylaxis (17). 

Clinical risk factors predictive of stroke include in
creasing age, history of hypertension, previous TIA or 
stroke, recent congestive heart failure, and diabetes. 
Patients younger than 65 years who have none of these 
predictive factors (15% of all patients in the random
ized clinical trials) show a low annual rate of stroke, 
approximately 1 %, in the absence of any antithrom
botic prophylaxis (16). These results confirm a previ
ous observation that patients with lone AF (defined al
so by the absence of hypertension and diabetes) 
younger than 60 years have a risk for stroke less than 
0.5% per year (2,18). 

Besides the clinical risk factors, a SP AF analysis 
has identified echo cardiographic predictors of stroke 
(19). They include left ventricular systolic dysfunction 
and left atrial enlargement. Transesophageal echo car
diography provides further markers of embolic risk, 
i.e., left atrial thrombi, spontaneous echocontrast, and 
left atrial appendage dysfunction (20). 

Warfarin Therapy 

The effectiveness of warfarin therapy for the preven
tion of ischemic stroke has been definitely assessed by 
randomized clinical trials (16,21,22). Overall, warfarin 
decreased the frequency of all strokes by 68% (95% 
confidence interval, CI, 50%-79%), with an absolute 
annual reduction of 3.1 % (p <.001). The incidence of 
stroke with residual deficit was decreased by 68% 
(95% CI, 39%-83%) with an absolute annual reduc
tion of 1.4% (p <.001). 

The intensity of anticoagulation in the five trials 
varied consistently, prothrombin time international 
normalized ratio (INR) ranging between 1.8 and 4.2. 
No correlation emerges between intensity of anticoag
ulation and consistency of reduction of stroke. Also 
low-intensity anticoagulation (INR range 2-3) as 
adopted in the BAATAF (11) and SPINAF (14) stud
ies confers substantial benefit. 



The risk of bleeding in patients receiving warfarin 
in these studies was quite low. The annual frequency 
of major bleeding events was 1.3% in warfarin-treated 
patients (vs 1.0% in patients receiving placebo or con
trols, and 1.0% in aspirin-treated patients). However, 
the bleeding risk is likely higher in patients treated in 
general clinical practice. Patients included in the clini
cal trials were carefully selected (representing only 
7%-39% of the screened patients) and followed up 
carefully according to strict protocols. This can explain 
the low bleeding risk during warfarin treatment. 

Moreover, the safety and tolerability of long-term 
anticoagulation to conventional levels has not been 
completely defined among patients older than 75 
years. In the AFASAK (10) study involving AF pa
tients older than those enrolled in every other trial 
(mean age of 75 years) the withdrawal rate from war
farin was 38% after 1 year. In the SPAF II study (23; 
INR 2.0-4.5, mean 2.7) the risk of major hemorrhage, 
mainly cerebral, was substantially higher among AF 
patients older than 75 years. 

Aspirin Therapy 

The fears regarding anticoagulation mainly in older 
AF patients explain the great expectations which have 
been placed on aspirin among physicians. The efficacy 
of aspirin for stroke prevention in AF patients is less 
clear and more controversial. The effect of aspirin in 
doses between 75 and 325 mg/day has been assessed in 
three placebo-controlled studies of primary prevention 
(AFASAK, SPAF I), secondary prevention (EAFT) 
(24), and in one primary prevention study without 
placebo arm (SPAF II) (Table 1). 

The AF ASAK study observed a statistically non
significant decrease in the frequency of strokes by 18% 

(95% CI, 60%-58%; p= .57), while a statistically signif
icant decrease of 44% (95% CI, 7%-66%; p = .02) was 
observed in the SPAF I study. Possible explanations 
for the different efficacy of aspirin in these two studies 
include different dosages of aspirin (75 mg in 
AF ASAK and 325 mg in SP AF I) and different age of 
treated patients (mean age 75 years in AF ASAK and 
67 in SP AF I). 

Other possible explanations for this difference 
may be the higher prevalence of stasis-related thrombi 
in the AF ASAK study patients than in SP AF as sug
gested by the higher incidence of congestive heart fail
ure (51 % versus 19%). It is conceivable that aspirin 
does not prevent stasis-related causes of stroke due to 
left atrial and possibly left ventricular thrombi in pa
tients with enlarged left ventricle. 

It is unlikely that different dosages of aspirin could 
account for different efficacy. Several studies have also 
demonstrated that dosages of 30 mg/day are equally 
effective (25). As far as the age is concerned it is im
portant to consider that a further analysis of SP AF has 
demonstrated that aspirin was ineffective in the sub
group of AF patients older than 75 years. The differen
tial effect of aspirin associated with age could be ac
counted for by differences in the effect of aspirin on 
platelets, different stroke mechanisms, or age-related 
patient characteristics (e.g., intrinsic fibrinolytic activi
ty or intra-atrial stasis of blood due to congestive heart 
failure) which might render the antithrombotic effect 
of aspirin inadequate. 

The third trial in which aspirin was tested is the 
EAFT study (24). In this trial 1007 NV AF patients 
with a recent TIA or minor ischemic stroke were ran
domized to open anticoagulation or double-blind 
treatment with either 300 mg aspirin per day or place
bo; patients with contraindications to anticoagulation 
were randomized to receive aspirin or placebo. In 

Table 1. Efficacy of aspirin for the prevention of stroke in patients with nonvalvular atrial fibrillation 

Patients Dose of 
Study Total ASA treatment ASA Treatment 

(n) (n) (mg) 

AFASAK (10) 1007 336 75 W,ASA,PL 
SPAF I (11) 1330 552 325 Group 1 AC 

candidates 
W,ASA,PL 
Group 2 non 
AC candidates 
ASA, PL 

EAFTb (24) 1007 545 300 Group 1 AC 
eligible 
W,ASA,PL 
Group 2 AC 
not eligible 
ASA, PL 

SPAF II (23) 1100 325 W,ASA 

W, warfarin; ASA, aspirin; PL, placebo; AC, anticoagulation; SE, systemic embolism; ns, not significant. 
" In patients> 75 years nonsignificant stroke reduction. 
h Secondary prevention trial. 
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Stroke reduction with ASA 

-18% (ns) 
- 95% Groups 1+2 combined' 

All strokes -44% (p<0.02) 

8% Moderately - severely 
disabling strokes -24% 

- 14% (ns) 

<75 years: absolute event rate 
(stroke + SE) 
0.7% per year higher with 
ASAvsW 
>75 years: absolute event rate 
(stroke + SE) 
1.2% per year higher with 
ASAvsW 



these high-risk patients warfarin was very effective, re
ducing the risk of stroke from 12 % per year to 4 % per 
year, while aspirin showed only a modest efficacy, re
ducing that risk from 12% to 10% per year. 

Finally, more data on aspirin can be derived from 
the BAAT AF study, in which control patients could 
choose to take aspirin on a nonrandomized basis, and 
approximately half did. A "treatment received" analy
sis provides no support for the efficacy of aspirin in 
preventing stroke in AF (26). 

Combining the three placebo-controlled studies 
(AFASAK, SPAF, EAFT), the overall risk reduction 
with aspirin was statistically significant, 25% (range 
14%-44%). In AFASAK and SPAF combined analysis 
the reduction of stroke was significantly higher in men, 
44% (95% CI, 3%-68%; p= .04) than in women, 23% 
(95% CI, 40%-58%; p= .38). 

A direct comparison of aspirin with warfarin has 
been made in three studies (AFASAK, SPAF II, 
EAFT). Aspirin was significantly less effective (com
bined risk reduction was 47% by warfarin relative to 
aspirin) but associated with a substantially lower risk 
of bleeding. 

An analysis performed combining data sets from 
aspirin-assigned patients in both SP AF I and II has 
identified a number of aspirin-resistant patients who 
experienced a thromboembolic event during aspirin 
therapy (27). AF patients with a high rate of stroke 
during aspirin therapy are women older than 75 years 
and patients with impaired left ventricular function, 
congestive heart failure, systolic hypertension, and 
previous thromboembolism. In the presence of any of 
these conditions the annual risk of stroke was 8%; if 
none of these risk factors were present the risk was on
ly 1 %. The results of this analysis confirm that in high
risk NV AF patients, as those in the EAFT, aspirin is 
less efficacious. 

A correlation of each of these variables with an in
creased risk of thromboembolism had already been 
found in other primary prevention studies in patients 
with AF (16). Moreover, the EAFT has shown that as
pirin has only a modest efficacy in preventing recur
rences of thromboembolism in patients with AF and 
recent TIA or stroke. 

Finally, in a case-control study Bornstein et al. 
(28) found that ischemic heart disease is a risk factor 
for stroke recurrence despite aspirin treatment. 

In other words, in high-risk AF patients aspirin 
has limited efficacy, providing inadequate thromboem
bolic prophylaxis. 

Only speCUlative explanations can be provided re
garding the modest efficacy of aspirin in certain pa
tients. 

Impaired left ventricular function, defined by the 
presence of clinical congestive heart failure or subclini
cal echo cardiographic abnormalities, increases stasis in 
the left atrium, potentially rendering the effect of as
pirin inadequate. The scarce efficacy of aspirin in the 
AF ASAK study has been partially attributed to the 
high prevalence of congestive heart failure in treated 
patients. 

Female gender is another independent predictor of 
thromboembolism only in older patients over the age 
of 75 years, while younger women had rates similar to 
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men. A difference in response to aspirin by gender has 
long been controversial. Less efficacy of aspirin in 
women has been reported in some trials (29, 30) in
volving patients with a history of TIA or stroke. An 
overview of randomized trials of prolonged aspirin 
therapy in various categories of patients does not show 
any difference in response for aspirin by gender (31). 
It is likely that the high risk of thromboembolism dur
ing aspirin therapy in elderly women could be due to 
other clinical risk factors associated with gender and 
advanced age (e.g. congestive heart failure, systolic hy
pertension) . 

The association of high systolic blood pressure 
with stroke and embolic events in patients with NV AF 
has been demonstrated in several studies (32, 33). In 
patients with paroxysmal NV AF a history of hyperten
sion has also resulted in a significant independent risk 
factor for systemic embolism (34). Systolic hyperten
sion does not imply only a vascular risk, but interacts 
specifically with AF to greatly increase the absolute 
risk of stroke. In the presence of hypertension, possi
bly associated with left ventricular hypertrophy, my
ocardial compliance is decreased, which results in an 
increased left atrial work load and distention. This fa
vors stasis and thrombi formation in the left atrium, 
rendering the effect of aspirin inadequate. The impor
tance of left ventricular hypertrophy is confirmed by 
the high embolic risk of AF in patients with hyper
trophic cardiomyopathy (35). 

Finally, previous thromboembolism is a high-risk 
condition for embolic recurrences. Patients with 
NV AF and prior stroke, TIA, or systemic arterial em
bolism should be treated with warfarin because of the 
excessive recurrence rate of thromboembolism during 
aspirin therapy. 

In contrast, in the SP AF analysis aspirin proved to 
be a sufficient therapy for younger AF patients «75 
years) identified as at low risk based on clinical crite
ria: in this subgroup the risk of thromboembolism dur
ing aspirin therapy is extremely low, averaging 0.5% 
per year (95% CI, 0.1 % per year to 1.9% per year). 

In AF patients older than 75 years, especially 
women, aspirin is ineffective and warfarin should be 
the treatment of choice, irrespective of the presence or 
absence of risk factors. However, warfarin in these 
older patients carries a high risk of bleeding complica
tions. Possible alternative options, under evaluation in 
the SP AF III and AF ASAK II studies, include war
farin at less intense levels and fixed warfarin doses (1-3 
mg) plus aspirin (36). 

A differential effect of aspirin according to stroke 
mechanism is another important issue. Platelet in
hibitors and anticoagulants may influence cardioem
bolic and noncardioembolic sources of stroke differ
ently. Aspirin may have a greater prophylactic impact 
on noncardioembolic mechanisms than on strokes of 
presumed cardioembolic origin in AF patients. In a 
SP AF secondary analysis strokes were categorized as 
cardioembolic or noncardioembolic according to clini
cal and neuroradiologic criteria (37). The preventive 
effect of aspirin therapy was different for cardioembol
ic relative to noncardioembolic ischemic strokes 
(p=0.00l). Aspirin was associated with a risk reduction 
in noncardioembolic strokes of 100% (95% CI, 60%-



100%; p=O.OOl), but with a risk reduction of only 31 % 
for cardioembolic strokes (95% CI, -35%-65%; 
p=0.31). 

Another intriguing issue concerning aspirin treat
ment is the evidence that among patients taking as
pirin about one third are nonresponders. This has been 
demonstrated by the platelet reactivity test in stroke 
patients under aspirin treatment (38). The clinical rele
vance of these laboratory findings has to be assessed, 
looking at the clinical outcomes in a long-term follow
up of aspirin treatment nonresponders and aspirin re
sponders. 

Antiplatelet agents other than aspirin might have 
a different efficacy for stroke prevention in NV AF 
(39). In the Italian study SIF A (Studio Italiano Fibril
lazione Atriale) the efficacy and safety of the an
tiplatelet drug indobufen, a reversible cyclooxygenase 
inhibitor (100-200 mg bid) has been compared with 
warfarin (INR 2.0-3.5) in patients with NV AF and a 
recent (:<=; 14 days) TIA or stroke (40). 

In this multicenter, open trial 950 NV AF patients 
were randomized to anticoagulation or indobufen. Pre
liminary results after 1 year follow-up show a compara
ble incidence (approximately 10%) of primary outcome 
events (nonfatal stroke, systemic embolism, nonfatal 
myocardial infarction or vascular death) in the two 
groups. In comparison with the EAFT study, the effica
cy of antiplatelet treatment was substantially higher. 

Finally, coagulation abnormalities have been 
demonstrated in patients with AF. Significantly higher 
concentrations of von Willebrand factor, factor VIII: c, 
fibrinogen, D-dimer, thromboglobulin, and platelet 
factor 4 have been found in NV AF patients than in 
healthy controls (41-43). Recently, Yamamoto et al. 
(44) have demonstrated an increased coagulation ac
tivity in the left atrium of patients with mitral stenosis 
and AF, even during anticoagulation. Thus, alterations 
in hemostatic function may contribute to the increased 
risk of stroke in patients with AF. 

Conclusions 

In conclusion, according to current knowledge from 
the literature the following guidelines can be suggested 
(45) (Table 2) : 

1. In patients <75 years with NV AF and without 
risk factors aspirin is a sufficient prophylaxis, pending 
confirmation from the ongoing SP AF III prophylaxis 
study; in younger patients <60 years and without risk 
factors probably no treatment is required. 

2. Elderly patients> 75 years still represent a thera
peutic dilemma, because aspirin may not be sufficient, 
especially in women, and conventional anticoagulation 
may carry substantial toxicity. In this latter group of 
patients the choice of treatment should be based on 
the evaluation of the risk/benefit ratio in the individual 
case. It appears reasonable to consider aspirin for 
those who are poor candidates for anticoagulation, pa
tients with extracardiac causes of embolism (i.e., 
carotid artery disease, aortic plaques), and patients 
without gross echocardiographic abnormalities (i.e., 
left atrial and left ventricle enlargement) favoring 
thrombi formation. 
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Table 2. Guidelines for anti thrombotic prophylaxis in patients with 
non valvular atrial fibrillation 

Primary prevention 
< 60 years 

No risk factors __ no treatment 
Yes risk factors __ warfarin (INR 2.0 - 3.0) 

60-75 years 
No risk factors __ aspirin 
Yes risk factors __ warfarin (INR 2.0 - 3.0) 

> 75 years 
Warfarin (INR 1.5 - 2.0) 
Warfarin fixed dose (1 - 3 mg) + aspirin 325 mg 
Aspirin 325 mg 

Secondary prevention 
Warfarin (INR 2.5 - 4.0) 
Aspirin 325 mg in poor candidates for 
anticoagulation 

INR, international normalized ratio. 
" As optimal anti thrombotic therapy is not established, possible 
treatment options are proposed. 

Further studies, some already ongoing, are neces
sary to establish: 

1. Efficacy of lower intensity regimens of anticoag
ulation, and combinations of fixed-dose warfarin (1-3 
mg/day) possibly associated with aspirin; 

2. Elucidation of stroke mechanisms in AF; 
3. Better characterization of the role of aspirin and 

confirmation of its efficacy in low-risk patients; 
4. Role of trans esophageal echocardiography (in

tra-atrial thrombi, spontaneous echocontrast, left atrial 
appendage filling and emptying velocities) for risk 
stratification; 

5. Role of hemostatic variables (prothrombotic 
states) as contributing factors for intracardiac throm
bosis and stroke in patients with AF. 

References 

1. Halperin JL, Hart RG (1988) Atrial fibrillation and stroke: new 
ideas, persisting dilemmas (editorial). Stroke 19: 937-941 

2. Cerebral Embolism Task Force (1989) Cardiogenic brain em
bolism: the second report of the Cerebral Embolism Task 
Force. Arch Neurol46: 727-743 

3. Petersen P (1990) Thromboembolic complications in atrial fib
rillation. Stroke 21: 4-13 

4. Cairns JA, Connolly SJ (1991) Nonrheumatic atrial fibrillation. 
Risk of stroke and role of anti thrombotic therapy. Circulation 
84: 469-481 

5. Hart RG (1992) Thromboembolism in nonrheumatic atrial fib
rillation: what have we learned? In: Di Pasquale G, Pinelli G 
(eds) Heart-brain interactions. Springer, Berlin Heidelberg 
New York, pp 83-86 

6. The National Heart, Lung and Blood Institute Working Group 
on Atrial Fibrillation (1993) Atrial fibrillation: current under
standings and research imperatives. J Am Coli Cardiol 32: 
1830-1834 

7. Hart RG, Halperin JL (1994) Atrial fibrillation and stroke: re
visiting the dilemmas. Stroke 25: 1337-1341 

8. Stein B, Fuster Y, Halperin JL, Chesebro JH (1989) An
tithrombotic therapy in cardiac disease. An emerging approach 
based on pathogenesis and risk. Circulation 80: 1501-1513 

9. Chesebro JH, Fuster Y, Halperin JL (1991) Atrial fibrillation: 
risk marker for stroke. N Engl J Med 323: 1556- 1558 

10. Petersen P, Boysen G, Godtfredsen J, Andersen ED, Andersen 
B (1989) Placebo-controlled, randomised trial of warfarin and 
aspirin for prevention of thromboembolic complications in 



chronic atrial fibrillation. The Copenhagen AFASAK Study. 
Lancet 1: 175-179 

11. The Stroke Prevention in Atrial Fibrillation Investigators 
(1991) The Stroke Prevention in Atrial Fibrillation trial: final 
results. Circulation 84: 527-539 

12. The Boston Area Anticoagulation Trial for Atrial Fibrillation 
Investigators (1990) The effect of low-dose warfarin on the risk 
of stroke in patients with nonrheumatic atrial fibrillation. N 
Engl J Med 325: 1505-1511 

13. Connolly SJ , Laupacis A, Gent M, Roberts RS, Cairns JA, 
loyner C, for the CAFA study coinvestigators (1991) Canadian 
Atrial Fibrillation Anticoagulation (CAFA) study. J Am Coli 
Cardiol18: 349-355 

14. Ezeckowitz MD, Bridgers SL, lames KE, Carliner NH, Colling 
CL, Gornick CC, Krause-Steinrauf H, Kurtzke IF, Nazarian 
SM, Radford MJ, Rickles FR, Shabetai R, Deykin D, for the 
Veterans Affairs Stroke Prevention in Nonrheumatic Atrial 
Fibrillation Investigators (1992) Warfarin in the prevention of 
stroke associated with nonrheumatic atrial fibrillation. N Engl J 
Med 327: 1406-1412 

15. The Stroke Prevention in Atrial Fibrillation Investigators 
(1992) Predictors of thromboembolism in atrial fibrillation: I. 
clinical features of patients at risk. Ann Intern Med 116: 1-5 

16. Atrial Fibrillation Investigators (1994) Risk factors for stroke 
and efficacy of anti thrombotic therapy in atrial fibrillation: 
analysis of pooled data from five randomized controlled trials. 
Arch Intern Med 154: 1449-1457 

17. Di Pasquale G, Urbinati S, Ribani MA, Passarelli P, Pinelli G 
(1994) Clinical markers of embolic risk in patients with atrial 
fibrillation. G Ital Cardiol24: 315-324 

18. Kopecky Sl, Gersh BJ, Mc Goon MD, Whisnant JP, Holmes 
DR Jr, Ilstrup DM, Frye RL (1987) The natural history of lone 
atrial fibrillation: a population-based study over three decades. 
N Engl J Med 327: 1406-1412 

19. The Stroke Prevention in Atrial Fibrillation Investigators 
(1992) Predictors of thromboembolism in atrial fibrillation: IT. 
echocardiographic features of patients at risk. Ann Intern Med 
116: 6-12 

20. Di Pasquale G, Urbinati S, Pinelli G (1995) New echocardio
graphic markers of embolic risk in atrial fibrillation. Cere
brovasc Dis (in press) 

21. Albers G, Atwood JE, Hirsch J, Sherman DG, Hughes RA, 
Connolly SJ (1991) Stroke prevention in non valvular atrial fib
rillation. Ann Intern Med 115: 727-736 

22. Laupacis A, Albers G, Dunn M, Feinberg W (1992) An
tithrombotic therapy in atrial fibrillation. Chest 102 [Suppl]: 
426S-433S 

23. Stroke Prevention in Atrial Fibrillation Investigators (1994) 
Warfarin versus aspirin for prevention of thromboembolism in 
atrial fibrilllation: Stroke Prevention in Atrial Fibrillation IT 
Study. Lancet 346: 687-691 

24. EAFT (European Atrial Fibrillation Trial) Study Group (1993) 
Secondary prevention in non-rheumatic atrial fibrillation after 
transient ischaemic attack or minor stroke. Lancet 342: 1255-
1262 

25. Patrono C (1994) Aspirin as an antiplatelet drug. N Engl J Med 
330: 1287-1294 

26. Singer DE, Hughes RA, Gress DR, Sheehan MA, Oertel LB, 
Maraventano SW, Blewett DR, Rosner B, Kistler JP for the 
BAATAF Investigators (1992) The effect of aspirin on the risk 
of stroke in patients with nonrheumatic atrial fibrillation: the 
BAATAF Study. Am Heart J 124: 1567-1573 

27. Mc Anulty JH, Hart RG, Pearce RA for the SPAF Investiga
tors (1993) Atrial fibrillation and thromboembolism: predictors 

220 

of high risk during aspirin therapy. Circulation 88 [suppl]: 1-222 
(abstr) 

28. Bornstein NM, Karepov VG, Aronovich BD, Gorbulev A Y, 
Treves TA, Korczyn AD (1994) Failure of aspirin treatment af
ter stroke. Stroke 25: 275-277 

29. Canadian Cooperative Study Group (1978) A randomized trial 
of aspirin and sulfinpyrazone in threatened stroke. N Engl I 
Med 299: 53-59 

30. UK-TIA Study Group (1988) United Kingdom transient is
chaemic attack (UK-TIA) aspirin trial: interim results. Br Med 
I 296: 316-320 

31. Antiplatelet Trialists' Collaboration (1994) Collaborative 
overview of randomized trials of antiplatelet therapy - I: pre
vention of death, myocardial infarction, and stroke by pro
longed anti platelet therapy in various categories of patients. Br 
Med J 306: 81-106 

32. Flegel KM, Hanley J (1989) Risk factors for stroke and other 
embolic events in patients with nonrheumatic atrial fibrillation. 
Stroke 20: 1000-1004 

33. Moulton AW, Singer DE, Haas JS (1991) Risk factors for 
stroke in patients with nonrheumatic atrial fibrillation: a case
control study. Am J Med 91: 156-161 

34. Corbalan R, Arriagada D, Braun S, Tapia J, Huete I, Kramer A, 
Chavez A (1992) Risk factors for systemic embolism in patients 
with paroxysmal atrial fibrillation. Am Heart J 124: 149-153 

35. Di Pasquale G, Andreoli A, Lusa AM, Urbinati S, Grazi P, 
Carini GC, Ruffini M, Pinelli G (1990) Cerebral embolic risk in 
hypertrophic cardiomyopathy. In: Baroldi G, Camerini F, 
Goodwin JF (eds) Advances in cardiomyopathies. Springer, 
Berlin Heidelberg New York, pp 90- 96 

36. Major Ongoing Stroke Trials (1995) Stroke 26: 349-353 
37. Miller VT, Rothrock JF, Pearce LA, Feinberg WM, Hart RG, 

Anderson DC (1993) Ischemic stroke in patients with atrial fib
rillation: clinical characteristics and the effect of aspirin. Neu
rology 43: 32-36 

38. Grotemeyer KH (1991) Effect of acetylsalicylic acid in stroke 
patients. Evidence of nonresponders in a subpopulation of 
treated patients. Thromb Res 63: 587-593 

39. Fornaro GL, Rossi P, Mantica P, Caccia ME, Aralda D, Lavez
zari M, Pamparana F, Milanesi G (1993) Indobufen in the pre
vention of thromboembolic complications in patients with heart 
disease. A randomized, placebo-controlled, double-blind study. 
Circulation 87: 162-164 

40. Cataldo G, SIFA Study Group (1995) Secondary prevention of 
stroke in non-valvular atrial fibrillation: results of the SIF A 
(Studio Italiano Fibrillazione Atriale). J Am Coli Cardiol 25 
[Supp!] 144A (abstr) 

41. Gustafsson C, Blomback M, Britton M, Hamsten A, Svensson J 
(1990) Coagulation factors and the increased risk of stroke in 
nonvalvular atrial fibrillation. Stroke 21: 47-51 

42. Kumagai K, Fukunami M, Ohmori M, Kitabatake A, Kamada T, 
Hoki N (1990) Increased intracardiovascular clotting in patients 
with chronic atrial fibrillation. J Am Coli Cardiol16: 377-380 

43. Boysen G, Petersen P, Felding P (1991) Coagulation and fibri
nolysis in patients with chronic atrial fibrillation. Cerebrovasc 
Dis 1: 235-238 

44. Yamamoto K, Ikeda V, Seino Y, Mito H, Fujikawa H, 
Sekiguchi H, Shimada K (1995) Coagulation activity is in
creased in the left atrium of patients with mitral stenosis. J Am 
Coli Cardiol25: 1107-1112 

45. Di Pasquale G, Ribani MA, Urbinati S, Passarelli P, Pinelli G 
(1995) Come si deve trattare oggi la fibrillazione atriale. In: 
Prati PL (ed) Conoscere e curare i1 cuore '95. CIBA Edizioni, 
Milan, pp 285-299 



Pharmacologic Cardioversion of Atrial Fibrillation: Always the Same 
Algorithm or Different Drugs for Different Patients? 

N. Baldi, V.A. Russo, G. Marasco, G. Polimeni, and V. Morrone 

Divisione di Cardiologia, Ospedale SS. Annunziata, Taranto, Italy 

The clinical use of class IC antiarrhythmic drugs and 
amiodarone during the last 10 years has represented 
a great achievement in the restoration of the sinus 
rhythm during atrial fibrillation (AF) of recent onset. 
In fact, the advantages of the pharmacologic treat
ment depend not only on the effectiveness of these 
drugs (quinidine, a very old drug, has also shown an 
effectiveness in the range of 30% - 91 %), but much 
more on the velocity of the sinus rhythm restoration, 
often during the intravenous infusion of the drug. 
This avoids patient hospitalization. The drugs mainly 
employed in the treatment of AF are lA and lC an
tiarrhythmic agents, amiodarone, and sometimes ver
apamil, beta-blocking agents, and digoxin. Clinical 
practice suggests that the appropriate drug be chosen 
in each individual situation. However, before dis
cussing the different clinical situations in which AF 
may occur, we must emphasize that to our knowl
edge no homogeneous, controlled, and randomized 
studies in large groups of patients that suggest the 
correct way of treating this arrhythmia have been 
performed. In fact, in all the studies patients the 
group were heterogenous as far as the etiology of 
heart disease and the duration of AF were different. 
In our opinion, however, it is possible to suggest 
some guidelines about the clinical use of different 
drugs in different patients using our knowledge of 
the electrophysiologic and hemodynamic properties 
of drugs, their effectiveness, and side effects occur
ring in clinical practice. Regarding cardioversion, if 
we take into account anticoagulant prophylaxis, it is 
useful to divide AF in-to AF of recent onset (less 
than 3 days) and prolonged AF (more than 3 days). 
In fact, according to the College of Chest Physicians 
(1), AF with a duration longer than 3 days needs to 
be treated with anticoagulant drugs for at least 3 
weeks before cardioversion. Therefore, this practice 
identifies two groups of patients with AF: the first 
group can be treated within 3 days, and the second 
cannot be treated before 3 weeks. It is well known 
that AF duration is the main factor conditioning the 
probability of sinus rhythm restoration (2). As we 
now have several drugs whose effectiveness may be 
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different according to AF duration, it follows that 
AF duration is one of the main factors determining 
the choice of drug. 

Pharmacologic Cardioversion of Atrial Fibrillation in 
Different Clinical Situations 

Lone Atrial Fibrillation 

Lone or idiopathic AF in the absence of known heart 
disease accounts for less than 10% of all cases of AF 
and often affects young people. This is the clinical sit
uation in which class 1C antiarrhythmic agents may 
be most useful. Different studies in which intravenous 
flecainide (3 - 7) and propafenone (7 - 11) have 
proved to be effective investigated groups of patients 
affected by both lone AF and AF in the presence of 
different underlying heart diseases. It is not possible, 
however, to evaluate separately the effectiveness of 
drugs in the subgroup of patients, but in some studies 
in which the subgroup of patients affected by lone AF 
is dominant or can be easily distinguished from the 
remaining cases, the percentage of success ranges be
tween 85% and 93% for flecainide (4, 5, 7) and be
tween 57% and 87.5% for propaferone (5, 7, 10). The 
actual use of these drugs depends not only on their 
effectiveness, but also on the time until sinus rhythm 
restoration (generally within 1 h and often during the 
drug infusion). Although, for example, amiodarone is 
a drug which shows a percentage of success ranging 
between 25% and 80.8% (10, 12, 13), the average 
times of sinus rhythm restoration are usually longer. 
Recently, a dose of propafenone and flecainide per os 
has been proposed in two groups of patients in whom 
idiopathic AF accounted for 50% of all cases (14). 
The conversion rate of AF into sinus rhythm 3 h after 
administration was 59% for flecainide and 52% for 
propafenone. If this treatment is confirmed by other 
studies we will be able to considerably reduce the du
ration of the AF, thus avoiding patient hospitaliza
tion. 



Wolff-Parkinson-White Syndrome 

The incidence of AF in Wolff-Parkinson-White 
(WPW) syndrome patients is higher than in the normal 
population, and ventricular fibrillation may develop 
during an attack of AF if conduction through the ac
cessory pathway is rapid (15). Drugs such as digoxin, 
verapamil, and amiodarone are contraindicated be
cause of their depressive action on nodal conduction, 
which may speed up the ventricular response during 
AF and increase the risk of degeneration to ventricular 
fibrillation (15-19). Flecainide and propafenone can be 
considered as the drugs of choice in the treatment of 
AF; in these patients, many studies have shown that 
both drugs determine the prolongation of the antero
grade and retrograde refractory period of the accesso
ry pathway - both in patients with a long and those 
with a short refractory period - as well as the complete 
block of conduction, via the accessory pathway (20-
27). Thus, these drugs considerably slow down the ven
tricular response during AF with pre-excited ventricu
lar response (20, 22, 25, 28, 29). Thus, their effects are 
twofold: (1) restoration of sinus rhythm and (2) pro
longation of pre-excited beat intervals or block of con
duction, via the accessory pathway with slowing down 
of the ventricular rate. Other class lA antiarrhythmic 
agents, such as procainamide, are also clinically useful 
in the immediate treatment of AF associated with the 
WPW syndrome (30). However, in comparison with 
class lC antiarrhythmic drugs, procainamide shows 
two disadvantages: (1) it prolongs the anterograde re
fractory period of the atrioventricular pathway with 
relatively long refractory periods (31); (2) it is inferior 
in immediately slowing down the ventricular response 
during AF (30). Recently, some authors have proposed 
the use of disopyramide or sotalol as the drugs of 
choice in this kind of arrhythmia (32). Disopyramide, 
like lC drugs, is also effective in patients in whom the 
shortest R-R interval was initially less than 200 ms 
(33). Sotalol has a balanced action in prolonging re
fractoriness and conduction velocity in the atrioven
tricular node and the atrioventricular accessory path
way, and it also slows down the ventricular response 
during AF (34, 35), but no conduction block in the ac
cessory pathway either in the anterograde or retro
grade direction was observed (35). However, disopyra
mide has only been tested in small groups of patients, 
and the effect of sotalol in patients with WPW syn
drome and documented AF has yet to be established. 

Sick Sinus Syndrome 

Presently, no data are available about the pharmaco
logic conversion of AF in patients with sick sinus syn
drome, because the presence of the syndrome has been 
an exclusion criteria in most studies. We suggest sever
al forms of treatment based on the electrophysiologic 
action of certain drugs on the sinus node. Intravenous 
administration of flecainide in these patients showed a 
clear prolongation of the maximal sinus node recovery 
time and the corrected sinus node recovery time (36). 
Amiodarone can sometimes produce sinus bradycardia 
and other types of sinus node dysfunctions (37). Some 
observations about propafenone (38) also suggest that 
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caution needs to be applied in using it in these pa
tients, even if the few clinical observations carried out 
have not shown any relevant side effect (9). Consider
ing this uncertainty, the use of compounds with 
vagolytic properties has been suggested for these pa
tients, and disopyramide is therefore primarily recom
mended (32). Nevertheless, before pharmacologic 
treatment, the best thing to do seems to be to use a 
temporary, preferably transthoracic pacemaker to 
avoid the introduction of an electrode catheter. 

Bundle Branch Block or Multifascicular Block 

There is a potential risk in patients with bundle branch 
block or multifascicular block of a complete paroxys
mal atrioventricular block due to drugs which hardly 
depress the conduction through the His-Purkinje sys
tem. The H-V interval is actually prolonged by lA 
class drugs, such as procainamide (39), and lC class 
drugs, such as flecainide and propafenone (40, 41), 
whereas amiodarone does not slow down conduction 
through the His-Purkinje system (42). Thus, in such 
patients the drug of choice is amiodarone to avoid the 
risk of a complete paroxysmal atrioventricular block. 

Left Ventricular Dysfunction Without Heart Failure 

In patients with left ventricular dysfunction without 
heart failure we suggest the use of amiodarone, a drug 
with a very slight negative inotropic effect (43), instead 
of lA class drugs, such as disopyramide (44) and pro
cain amide (45) and 1 C class drugs such as flecainide 
(46) and propafenone (47), drugs with a clearly nega
tive inotropic effect. 

Acute Myocardial Infarction in a Steady Hemodynamic 
State 

AF occurs in 10%-15% of patients with acute myocar
dial infarction; it is usually transient and tends to occur 
in patients with left ventricular failure, but it is also ob
served in patients with pericarditis and ischemic injury 
to the atria. Digoxin is commonly administered to 
those patients not requiring immediate direct current 
(DC) cardioversion (48), but amiodarone is the only 
drug that has shown a certain effectiveness in restoring 
the sinus rhythm in a randomized open study. In fact, 
in a comparative study with digoxin, amiodarone 
showed a rate of conversion into sinus rhythm of 75%, 
compared to 10% using digoxin (p < 0.05), without 
clinically relevant side effects (49). Thus, amiodarone 
must be considered the drug of choice in such condi
tions. 

Atrial Fibrillation Lasting Longer than 3 Days 

It is generally accepted that AF lasting longer than 3 
days requires anticoagulant treatment for at least 3 
weeks before any attempt at conversion into sinus 
rhythm is made. In these case DC shocks is the treat
ment of choice. As far as pharmacologic treatment is 
concerned, the percentage of success for different 
drugs employed decreases as the duration of AF in
creases. The treatment currently still suggested is 



quinidine with beta-blocking agents, a combination 
which has proved to be able to restore the sinus 
rhythm even during AF lasting several months in pa
tients with different underlying heart disease (50). 

Conclusion 

In conclusion, we believe that knowledge of both the 
physiopathology of the different clinical conditions in 
which AF can occur and the electrophysiologic and he
modynamic effects of the antiarrhythmic drugs must 
be used to indicate the most appropriate drug to re
store the sinus rhythm in AF. 
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Introduction 

The role of antiarrhythmic drugs in the prevention of 
chronic recurrences or paroxysmal episodes of atrial 
fibrillation (AF) has recently come into question after 
some observations showing the risks that treated pa
tients may face in terms of morbidity or mortality (I
S). On the other hand, AF may be strongly sympto
matic, particularly in the paroxysmal form, and is not 
without risks in terms of complications secondary to 
thromboembolism (6-8) and left ventricular dysfunc
tion (9-11). For these reasons the decision to treat a 
patient is not easy and the risks/benefits balance of 
such a therapeutic intervention should first always be 
considered. 

Risks of Treatment 

The main risk in administering an antiarrhythmic 
agent to a patient is the so-called pro arrhythmic effect: 
any drug given to reduce, suppress, or prevent an ar
rhythmia may, under particular and often unforesee
able circumstances, increase the incidence or severity 
of the arrhythmia itself and even favor the occurrence 
of new and possibly life-threatening arrhythmias. The 
pro arrhythmic effect has been reported with different 
incidence for any antiarrhythmic agent and is often in
creased by the presence of structural heart disease 
(myocardial infarction, valvular heart disease, car
diomyopathy, etc.), cardiac failure, acute ischemia, and 
electrolyte imbalance (12-15). 

A second point to be taken into account before 
starting an antiarrhythmic treatment is the potential 
for hemodynamic worsening: almost all antiarrhythmic 
drugs have a negative inotropic effect which may cause 
or contribute to the aggravation of a cardiac failure 
(16). 

Finally, possible interactions with the metabolism 
of other drugs (for instance, quinidine and digitalis, 
amiodarone and digitalis, amiodarone and flecainide, 
etc.) may cause unpredictable and potentially danger
ous changes in plasma concentrations (16). 
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Benefits of Treatment 

The main benefits of preventing recurrences of AF de
rive from the suppression of related symptoms (palpi
tations, dyspnea, dizziness, syncope, and angina). Most 
importantly, suppression of AF may also eliminate the 
risk of thromboembolism as well as the need for anti
coagulant therapy, with its potential hemorrhagic com
plications. Moreover, the presence of sinus rhythm has 
strong hemodynamic consequences, due both to the 
regulating of rhythm at rest and on effort and main
taining of atrial contribution to the stroke volume, 
which is particularly important in the presence of heart 
disease (17-21). 

Studies of Antiarrhythmic Agents 

Many drugs of different classes have been demonstrat
ed to be effective in preventing recurrences of both 
chronic AF after cardioversion and paroxysmal attacks 
of AF (16-21). Any drug has been more or less exten
sively studied with different protocols, most of which 
compare an active drug with a corresponding placebo. 
Unfortunately, enormous differences are reported in 
the selection of patients, who may not only have clini
cally different symptom characteristics, but also differ
ent physiologic and/or anatomical substrates. Drugs 
are often given at different dosages (e.g., at the maxi
mum tolerated dose or at the minimum effective dose); 
the endpoints and the effectiveness criteria (e.g., sub
jective symptoms, ECG, documentation of recur
rences, total or partial suppression of arrhythmias, 
etc.) are not always the same; safety criteria (e.g., rela
tionship of adverse medical experiences to study drug) 
are difficult to ascertain; the incidence of patients with 
atrial flutter is different, and this arrhythmia is notori
ously less responsive to drugs. Finally, there are few 
protocols directly comparing two or more drugs and 
the dosages utilized are often criticizable. For all these 
reasons, the analysis of the risk/benefit ratio of antiar
rhythmic treatment in the prevention of AF appears 
extremely difficult. We will try to examine this ratio 



for each of the most commonly given antiarrhythmic 
agents for the prevention of paroxysmal and chronic 
AF. 

Quinidine 

Quinidine is the archetype of class IA antiarrhyhmic 
agents and is the oldest drug still available for the pre
vention of AF. For many years now it has been the most 
common treatment of AF all over the world and still has 
a predominant role, at least in the United States. 

Quinidine exerts a direct depressant effect on all 
cardiac tissues and slows impulse conduction (22). It 
also possesses mild anticholinergic activity, which may 
be important in enhancing conduction through the 
atrioventricular (A V) node; if the latter exceeds the di
rect depressant effect of the drug on A V conduction 
the final result may be sometimes a paradoxical accel
eration of the ventricular response. Moreover, it is not 
infrequent that quinidine, given during AF, may slow 
the atrial rate and result in organization of the fibrilla
tory impulses, changing the latter into flutter waves; al
so in this situation a paradoxical ventricular accelera
tion may occur. To prevent this, it is standard clinical 
practice to administer a drug capable of reducing A V 
conduction (digitalis, B-blockers, or calcium antago
nists) before giving quinidine. 

The efficacy of quinidine salts in preventing recur
rences of both chronic and paroxysmal AF has been 
widely proven in many clinical trials (23-26). In a re
cently published meta-analysis of six controlled trials 
in which a total of 373 patients received quinidine 
treatment and 354 received placebo or no therapy, 
Coplen et al. (2) found that quinidine-treated patients 
were about twice as likely to remain in sinus rhythm as 
the untreated patients 1 year after cardioversion; how
ever, there were six deaths (three of which were sud
den) of cardiovascular causes in the quinidine group as 
compared with two in the control group. Even if the 
small number of patients does not permit any clinically 
significant comparison, the risk that quinidine may 
contribute to improve symptoms but not survival in 
patients with AF (if not to favor cardiovascular death) 
should always be taken into account. 

The beneficial effects of quinidine are unfortu
nately counterbalanced by a high incidence of adverse 
effects, particularly QT prolongation, which may favor 
the appearance of ventricular arrhythmias such as tor
sade de pointes (27-31). That is why quinidine treat
ment should always be started with the patient in the 
hospital under careful ECG monitoring. 

In our experience, dihydroquinidine (which is nei
ther a quinidine salt, nor a quinidine metabolite, but 
simply a quinidine derivative usually contaminating 
the quinidine preparations) offers some advantages as 
compared to quinidine. The drug, commercially avail
able in most European countries but not in the United 
States, has demonstrated a greater effectiveness than 
quinidine salts in both ventricular and supraventricular 
tachyarrhythmias at lower dosages, with more stable 
plasma concentrations and a low incidence of side ef
fects (32,33). Dihydroquinidine has been used clinical
ly for many years, especially in the pharmacologic con-

226 

version of chronic AF, but it is still utilized today in 
many cardiological institutions as a first-choice drug al
so in the prevention of AF recurrences. 

Disopyramide 

Disopyramide, a class IA antiarrhythmic drug, exerts 
electrophysiologic activity similar to that of quinidine 
(34); its use has thus been suggested to maintain sinus 
rhythm after cardioversion. Hartel et al. (35) com
pared the efficacy of this drug to placebo in a random
ized, double-blind study involving 38 patients with 
chronic AF. Three months after cardioversion, 72 % of 
the patients given disopyramide remained in sinus 
rhythm, as compared to 30% of patients given placebo 
(p<0.05). Karlson et al. (36) studied 90 patients ran
domized to disopyramide or placebo after cardiover
sion for AF. After 1 year of treatment, sinus rhythm 
was present in 54% of the patients on disopyramide 
and 30% of those on placebo (p<0.01). 

Unfortunately, the high incidence of side effects 
observed during disopyramide treatment (particularly 
of the anticholinergic type, including urinary retention, 
dry eyes and mouth, constipation, and visual distur
bances) reduces the possibility of its safe and wide
spread use (37). A sizeable negative inotropic action 
also has to be taken into account before making any 
therapeutic decision for disopyramide (38). 

Flecainide 

Flecainide, a class IC agent, exerts substantial depres
sive activity on impulse conduction in all myocardial 
tissues. This strong effect on atrial tissues is the mecha
nism by which the drug prevents recurrences of AF, 
while the slow conduction through the A V node per
mits some reduction of ventricular response rate dur
ing AF (39). 

The efficacy of this drug in preventing AF recur
rences has been demonstrated in a number of clinical 
trials (40-46). Van Gelder et al. (40) studied the effica
cy and safety of flecainide in the maintenance of sinus 
rhythm after electrical cardioversion for chronic AF or 
atrial flutter. Eighty-one patients were randomized to 
receive flecainide (at an average dose of 199 mg daily) 
or no treatment. After 1, 3, 6, and 12 months 69%, 
64%, 58%, and 49% in the group of patients treated 
with flecainide maintained sinus rhythm, versus 54%, 
49%, 49%, and 36% in the untreated group. Multiple 
regression analysis showed that NYHA class for exer
cise tolerance and flecainide treatment were the only 
significant predicting factors, while left atrial size and 
AF duration had no influence in increasing the ar
rhythmia-free interval. Adverse cardiac events oc
curred in 9% of a total of 58 patients treated with fle
cainide. Recently, Anderson and the Flecainide 
Supraventricular Tachycardia Study Group (41) re
ported the results of a multicenter, double-blind, 
crossover study of flecainide and placebo in 64 patients 
with frequent (at least two episodes in a month) symp
tomatic recurrences of paroxysmal AF. The efficacy of 
the drug was assessed by suppression of symptoms as 



well as by the use of transtelephonic ECG monitoring. 
The flecainide dosage was 200 to 400 mg/day and was 
based on the presence of side effects and patient toler
ance. During the trial the period of time to the first re
currence of AF lengthened from a median of 3 days on 
placebo to 14.5 days on flecainide (p<0.00l). Treat
ment with flecainide also significantly increased the av
erage time interval between attacks of AF from a me
dian of 6.2 days (on placebo) to 27 days (p<0.00l) and 
increased the percentage of patients who remained 
free of arrhythmias during the follow-up period (from 
9% on placebo to 31 % on flecainide). Adverse cardiac 
events occurred in 11 % of patients treated with fle
cainide. Pieters en and the Danish-Norwegian Fle
cainide Multicenter Study Group (42) reported the ef
ficacy of flecainide in 43 patients with paroxysmal AF 
and atrial flutter using a randomized, double-blind, 
crossover protocol. Patients were given either placebo 
or flecainide 150 mg twice daily for consecutive peri
ods of 3 months. If intolerable symptoms developed, 
the protocol allowed patients to cross over between 
treatments before the end of the first 3-month period. 
Complete suppression with flecainide was seen in 35% 
of the patients treated for 1 week with both regimens, 
in 46% treated for 1 month, and in 50% completing all 
3 months. Leclercq et al. (43) studied the effects of fle
cainide (100 mg twice daily) in 52 patients with fre
quent symptomatic AF attacks who were resistant or 
intolerant to quinidine. Vag ally induced paroxysmal 
AF was clinically documented in 35 patients. Amio
darone, previously used and ineffective, was combined 
with flecainide in 33 patients. Complete disappearance 
of paroxysmal AF was observed in 73% of patients af
ter a follow-up of 1-5.8 years. Extracardiac side effects 
necessitated withdrawal in only three cases. Two pa
tients, with previously documented atrial flutter, expe
rienced presyncopal episodes of atrial flutter with a 1:1 
A V conduction and a wide QRS complex. No death 
occurred during the observation period. Recently 
Hohnloser and Zabel (44) analyzed the efficacy and 
safety data for flecainide in the treatment of supraven
tricular arrhythmias from 60 original articles. In spite 
of the different definitions of efficacy criteria, they 
were able to assess a long-term efficacy of the drug in 
49% of the patients, with similar efficacy rates in 11 
comparative trials and in 16 uncontrolled studies. 

While the efficacy of flecainide in the prevention 
of AF has been widely proven, the safety of the drug 
was put up for debate again after the report of the 
CAST data (3), showing a nearly threefold increase in 
mortality in patients treated with antiarrhythmic 
agents for asymptomatic ventricular arrhythmias and 
recent myocardial infarction compared to placebo
treated patients. In order to reassess long-term safety 
of this drug in a large group of patients, a multicenter 
study was recently carried out in Italy by the Fle
cainide and Propafenone Italian Study (FAPIS) Group 
(45-46). Two-hundred patients with paroxysmal AF 
and no history of heart disease were enrolled in a ran
domized, open label, parallel group trial comparing the 
relative safety of flecainide to propafenone. The initial 
daily doses were 200 mg flecainide or 450 mg 
propafenone; dose escalations up to a maximum of 300 
mg flecainide or 900 mg propafenone daily were per-
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mitted after at least two attacks of AF. The patients 
were assessed for safety and drug tolerance at desig
nated intervals over a 12-month period, unless discon
tinued because of adverse events or inadequate re
sponse. Ten patients on flecainide reported 14 cardiac 
adverse events; four of them discontinued treatment. 
Seven patients receiving propafenone reported eight 
cardiac adverse experiences; five of them discontinued 
treatment. Three pro arrhythmic events occurred: one 
patient on propafenone developed ventricular tachy
cardia and two patients on flecainide experienced AF 
with rapid ventricular response. An intention-to-treat 
analysis showed that the probability of safe and effec
tive treatment after 12 months was 77% for flecainide
treated patients and 75% for propafenone-treated 
patients. No drug-related death occurred during the 
I-year follow-up. Thus, the study demonstrated an 
acceptable risk/benefit profile in patients with paroxys
mal AF and no evidence of clinically significant heart 
disease who were treated with flecainide and 
propafenone for 12 months. 

Propafenone 

Propafenone, a class IC antiarrhythmic agent, has ef
fects on cardiac tissues similar to those produced by 
flecainide (47). By means of its electrophysiologic ac
tivity decreasing impulse conduction through the atrial 
tissue, propafenone is effective in preventing AF. 
Moreover, the drug may be useful in reducing the ven
tricular response to AF as a result of its action on the 
A V node. The drug has a negative inotropic effect, 
which is dose dependent but may occur even when low 
doses are administered (48). 

In addition to the above-mentioned multicenter 
trial by the F APIS Group (45-46), many other studies 
have been published showing efficacy and safety of 
propafenone in patients with paroxysmal or chronic 
AF. Antman et al. (49) studied the efficacy of long
term oral propafenone (mean total dose: 795 mg daily) 
for preventing frequent paroxysmal episodes of symp
tomatic AF or atrial flutter, or both, in 60 patients. Af
ter a I-month follow-up, 54% of patients were free of 
recurrent AF, after 3 months 44% were without ar
rhythmia, and at 6 months 40% of patients were free 
of recurrent episodes of AF. Drug-related adverse re
actions were reported in 22 % of patients and were se
vere enough to require early discontinuation of the 
drug in 5% of the patients. Connolly and Hoffert (50) 
studied the efficacy of propafenone for suppression of 
recurrent paroxysmal symptomatic AF in 18 patients 
by means of a cross-over protocol: the patients were 
subsequently randomized to alternate between 
propafenone and placebo every month for 4 months. 
The mean dose of propafenone at the end of the initial 
dose-ranging, open label phase, was 644 mg/day. Dur
ing the cross-over study the percentage of days with an 
attack of AF was significantly reduced from 51 % on 
placebo to 27% on propafenone. The rate of early 
cross-over or withdrawal from the study was 14% with 
propafenone and 45% with placebo. There were 29 mi
nor side effects reported with the active drug and 11 
with placebo. Reimold et al. (51) compared the effica-



cy of propafenone (at a mean maintenance dose of 737 
mg/day) and sotalol (mean dose of 335 mg/day) in pre
venting recurrences of chronic (53 patients) or parox
ysmal (43 patients) AF. For patients randomized to 
propafenone, 46%, 41 %, and 30% remained in sinus 
rhythm at 3, 6, and 12 months, respectively; a similar 
proportion of patients treated with sotalol remained in 
sinus rhythm at follow-up (49%,46%, and 37% at 3, 6, 
and 12 months, respectively); the difference between 
the two treatments was not significant. Pro arrhythmic 
effects, defined as the new onset of sustained ventricu
lar tachycardia, ventricular fibrillation, or torsades de 
pointes, occurred in one patient treated with 
propafenone and in three treated with sotalol; new, 
nonsustained ventricular tachycardia also occurred in 
one patient receiving propafenone. 

Amiodarone 

Amiodarone is the prototype of class III antiarrhyth
mic agents. Its main electrophysiologic action consists 
in a prolongation of action potential duration. It also 
demonstrates some sodium channel blocking activity, 
as well as mild noncompetitive B-blocking and calcium 
channel-blocking activity (52). Moreover, because the 
drug contains substantial amounts of iodine, it has 
been postulated that some of the drug antiarrhythmic 
activity may be due to its interaction with thyroxine 
metabolism. Amiodarone has been widely used for 
AF, particularly in European countries (it is not yet 
approved for this indication in the United States). A 
major limitation to the use of amiodarone is the high 
incidence of toxicity, which may affect many organs 
(hypo- or hyperthyroidism, pulmonary fibrosis, gas
trointestinal and neurological complaints, photoder
matitis, corneal microdeposits, etc.). Adverse cardiac 
events are not infrequent and include sinus bradycar
dia, atrioventricular block, and QT prolongation, even 
if torsades de pointes are very rare (53). 

Most of the clinical studies carried out with amio
darone have been uncontrolled (54-57), owing to its 
self-evident side effects and its peculiar pharmacoki
netics, which make a blind comparison with placebo or 
other drugs particularly difficult. Graboys et al. (54) 
reported their experience in 95 patients with chronic 
or paroxysmal AF of long duration treated with amio
darone. Complete prevention of AF was achieved in 
78% of the patients, whereas in an additional 6% there 
was a partial effect, defined as a reduction in the fre
quency or duration of the AF episodes. Gold et al. (55) 
treated 68 patients with paroxysmal or chronic AF for 
a mean period of 21 months. They found that treat
ment at a maintenance dose of 200 to 400 mg/day was 
effective in preventing recurrent AF in 79% of the pa
tients; the presence of chronic AF for longer than 1 
year was the only predictor of drug failure. However, 
35% of the patients had side effects, requiring discon
tinuation of the drug in 10%. Brodsky et al. (56) 
demonstrated the efficacy of the drug in 28 patients 
with a dilated left atrium (>45 mm). Amiodarone 
treatment was considered successful in ten patients 
who remained in sinus rhythm 1 year after cardiover
sion and partially successful in an additional 11 pa-
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tients who maintained sinus rhythm for at least 6 
months. The outcome of treatment was related to left 
atrium dimension, as the drug was completely effective 
in nine of 18 patients with a left atrium size < 60 mm, 
but in only one of ten with a left atrium size> 60 mm. 
More recently, Gosselink et al. (57) studied the effica
cy and safety of low-dose amiodarone (mean daily 
maintenance dose of 204 mg) in 80 patients with 
chronic AF; the mean follow-up was 20.7 months. The 
cumulative percentages of patients remaining in sinus 
rhythm during 1, 2, and 3 years after cardioversion 
were 61 %, 56%, and 53%, respectively. Serious side 
effects occurred in 4% of the patients, whereas minor 
side effects were observed in 13% of the patients. 

It should be pointed out that the reduction and 
regularization of ventricular rate observed during AF 
in patients treated with amiodarone make it difficult to 
judge the real suppression of AF recurrences in the ab
sence of any objective documentation of the mainte
nance of sinus rhythm; the use of random ECG record
ing obtained with a transtelephonic system has partial
ly contributed to obviate this bias (58). For this reason 
the success rates observed during amiodarone treat
ment are probably overestimated, particularly in pa
tients with paroxysmal AF. 

80talol 

Sotalol exerts both class II B-blocking activity as well 
as class III properties; it is available as a racemic mix
ture of its 1- and d- stereoisomers: the I-isomer is pri
marily responsible for the B-blocking activity while the 
d-isomer has the class-III properties (59). 

Recently, luul-Moller et al. (60) reported on a 
multicenter study comparing sotalol (98 patients) with 
quinidine (85 patients) for maintenance of sinus 
rhythm after cardioversion of chronic AF. After 6 
months, 52% of the patients in the sotalol group and 
48% of the patients in the quinidine group remained in 
sinus rhythm. It is noteworthy that, thanks to sotalol B
blocking activity, the heart rate after relapsing into AF 
was much lower in the patients treated with sotalol (78 
beats/min) than in the patients treated with quinidine 
(109 beats/min, p<O.OOl). In terms of safety, more pa
tients were withdrawn from quinidine than from so
talol treatment (26% versus 11 %, p<0.05) and sotalol 
was generally better tolerated than quinidine. Twenty
eight percent of the patients on sotalol and 50% of the 
patients on quinidine reported side effects (p<0.01). 
Unfortunately, one of the problems of sotalol treat
ment in patients with ventricular arrhythmias is the po
tential for QT prolongation and ventricular arrhythmia 
aggravation, which may lead to the occurrence of tor
sades de pointes (61). The actual incidence of this life
threatening side effect in a large population affected 
by AF, with or without organic heart disease, has not 
yet been established. 

Clinical Considerations 

The ideal antiarrhythmic drug for the prevention of re
currences of both chronic AF after cardioversion and 



paroxysmal AF is unfortunately not yet available. The 
characteristics of this ideal drug are: good efficacy, no 
pro arrhythmic effect, no negative hemodynamic activi
ty, good tolerance, and favorable pharmacokinetic 
profile. 

So far, the available drugs demonstrate many dis
advantages. On the other hand, the presence of AF has 
many clinical consequences, not only due to trouble
some subjective symptoms, but also to an increased 
risk of thromboembolism and a potential aggravation 
of heart failure. 

From the experiences of all the published clinical 
trials the clinician has to learn the importance of keep
ing the patient and not the arrhythmia in the center of 
his clinical judgment: the actual clinical conditions, in 
terms of heart disease, ischemia, hypertrophy, elec
trolyte imbalance, concomitant therapy, etc., are far 
more important in the prognosis of the arrhythmia 
than the arrhythmia itself. In other words, the decision 
to treat a patient must take all these variables into con
sideration, whereas the choice of the drug is usually 
less important. 
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Atrial Fibrillation with a Slow Ventricular Response: Is Theophylline a Good 
Alternative to a Pacemaker? 

N. Paparella, R. Pirani, and P. Alboni 

Divisione di Cardiologia, Ospedalc Civile, Ccnto (Fe), Italy 

There is no agreement on the definition of atrial fibril
lation (AF) with a slow ventricular response: the con
dition may be characterized as an AF with slow resting 
heart rate or as an AF with normal resting heart rate 
but with prolonged ventricular pauses, Symptoms such 
as asthenia, easy fatigue, and dyspnea may be attribut
able to low cardiac output due to a low heart rate, and 
cardiac pauses may be responsible for neurologic 
symptoms such as pre syncope or syncope. 

Our knowledge on the clinical and prognostic sig
nificance of AF with a slow ventricular response is 
very limited. In fact, we do not know whether the clini
cal course and the prognosis of patients with this brad
yarrhythmia, in particular the incidence of sudden 
death, is similar to that of patients with AF and normal 
heart rate. 

Recently, some light has been shed on the signifi
cance of ventricular pauses in patients with AF and 
normal heart rate: 
1. Pauses lasting 3 s or more are frequent, being pre
sent in Holter recordings not only at night but also 
during the day in a high pre cent age of subjects (24%) 
(1). 
2. The cardiac pauses do not correlate with the neuro
logic symptoms (2). 
3. The prevalence of ventricular pauses longer than 2 s 
is similar in patients with and without syncope (3). 

These data suggest that asymptomatic cardiac 
pauses in subjects with AF require no treatment. In 
contrast, in the presence of neurologic symptoms such 
as syncope or symptoms due to a low cardiac output, 
patients with AF and slow ventricular response or car
diac pauses must be treated. 

It is obviously difficult to evaluate the real benefit 
of a treatment without knowing the natural history of 
the arrhythmia. The currently most commonly used 
therapy for symptomatic slow-response AF is perma
nent ventricular stimulation. Based on previously pub
lished data and on general knowledge, a few state
ments can be made about this kind of treatment: 
- VVI pacemaker implantation shows the advantage of 
a regular cardiac rhythm, but it induces an abnormal 
ventricular activation and consequently an abnormal 
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contraction, which leads to a more or less marked re
duction in cardiac function. It is unknown whether, af
ter pacemaker implantation in patients with AF, the 
advantage of the regularization of cardiac rhythm out
weighs the disadvantage of the asynchronous contrac
tion. In dogs, the latter seems to be dominant (4). 
- A higher incidence of embolic complications in pa
tients with AF treated with electrical treatment has 
been reported compared with untreated patients (5). 
- A very high incidence of spontaneous remission of 
syncope (about 80%) in patients with chronic AF and 
cardiac pauses during Holter monitoring has recently 
been reported by Saxon et al. (3) Neurological symp
toms disappeared as frequently in patients with as in 
those without a pacemaker. 

These data seem to suggest that the cause of neu
rologic symptoms in subjects with AF is different from 
patient to patient, with frequent spontaneous remis
sions. The syncope may be the result of an abnormal 
neural reflex, as demonstrated in patients with sick si
nus syndrome and syncope (6, 7). Moreover, pacemak
er implantation seems not to play an important part in 
the treatment of syncope in patients with AF. Since 
electrical therapy does not appear to be an ideal 
treatment in patients with AF with a slow ventricular 
response, the question arises as to whether pharmaco
logic therapy is a good alternative. So far only 
theophylline has been systematically evaluated in 
long-term treatment. 

Theophylline Treatment 

There have been a number of reports substantiating a 
positive chronotropic and dromotropic effect of theo
phylline. Electrophysiological investigations showed 
that the drug enhances atrioventricular (A V) nodal 
conduction; it shortens both the A-H interval and the 
cycle length of the fastest 1:1 A V conduction (8, 9). 
These reports indicate that oral theophylline is a prob
able candidate for effective therapy of symptomatic 
AF with a slow ventricular response. 

We selected 17 consecutive patients with chronic 



AF and a slow ventricular response not induced by 
drugs. The criteria for inclusion were the following: 
mean resting heart of less than 60 beats/min constantly 
present for some days in several resting standard elec
trocardiograms (ECG) recorded during daytime hours; 
symptoms attributable to slow heart rate; absence of 
bundle branch block of advanced degree (QRS less 
than 120 ms). The exclusion criteria were the follow
ing: recent myocardial infarction, acute disease of any 
type, significant renal or hepatic disease, and conges
tive heart failure (New York Heart Association class 
IV). 

The mean age was 78±9 years (range, 52-92 years); 
eight patients were men and nine women. Fourteen 
patients had organic heart disease: eight had hyperten
sive cardiovascular disease, four had ischemic heart 
disease, and two had mitral valve disease. Sixteen pa
tients had New York Heart Association class I-II and 
one class III heart failure. Twelve patients complained 
of syncope or pre syncope before hospitalization; four 
complained of marked asthenia and easy fatigue, and 
one complained of dyspnea after slight effort. Two pa
tients were smokers at the time of entry into the study. 
None of the patients engaged in an exercise program. 
Electrolytes and thyroid hormones were within the 
normal range. None of the patients was taking car
dioactive medication or drugs known to interfere sig
nificantly with the autonomic system or with adenosine 
metabolism (dipyridamole or diazepam). Diuretics, 
converting enzyme inhibitors, and nitrates were ad
ministered if the patient needed them; in this case, the 
control evaluation was done during administration of 
these drugs, which were then maintained during the 
follow-up period. 

Each patient gave informed consent. The steady 
state evaluation was performed during hospitalization. 
Chest X-ray examination, echocardiogram, and stan
dard laboratory tests for hematologic, renal, and he
patic function were performed. The resting heart rate 
was measured from a 10-s standard ECG strip after a 
15-min rest period. Patients underwent a 24-h Holter 
monitoring for 2 consecutive days using a two-channel 
recorder. The data were analyzed to obtain the mean 
24-h heart rate, the minimum 24-h heart rate, the max
imum 24-h heart rate, the number of cardiac pauses 
longer than 2500 ms, the longest R-R interval, the 
number of wide QRS complexes and the number of 
episodes of two and three or more than three consecu-

tive wide QRS complexes. Oral theophylline therapy 
was then initiated at a dosage of 700 mg daily in two 
divided doses using a slow-release tablet. Five to 6 
days later, standard ECG and Holter recording were 
repeated with the same methods. Both before and af
ter theophylline treatment, the parameters were re
ported as the mean of two consecutive 24-h Holter 
recordings in order to reduce spontaneous variability 
and therefore to better evaluate the effects of the drug. 
The serum theophylline level was determined on the 
same day as the second 24-h Holter recording, 3 h after 
the intake of the morning dose. 

The patients were then enrolled in a long-term 
study, and were seen at the outpatient clinic 1 month 
later and every 3 months thereafter. A clinical history, 
physical examination, resting ECG, 24-h Holter 
recording, and serum theophylline level were obtained 
during each visit. Dosage modifications were made as 
necessary to eliminate symptoms and cardiac pauses 
and to limit drug-related side effects. If any episode of 
syncope recurred or if side effects persisted despite 
dosage reduction, theophylline therapy was discontin
ued. 

Statistical evaluations were performed using the 
Wilcoxon test. Results are given as mean ± standard 
deviation. 

Results 

Steady State 

The effects of the drug on heart rate are reported in 
Table 1 and Fig. 1. The mean resting heart rate, the 
mean 24-h heart rate, the minimum 24-h heart rate, 
and the maximum 24-h heart rate increased significant
ly after drug administration by 42%, 31 %, 34%, and 
14% respectively. The percentage increases in daytime 
heart rate and sleep heart rate were very similar: 
+31.4% and +31.6%, respectively. The daily number of 
cardiac pauses longer than 2500 ms decreased after ad
ministration from 806 ± 2472 to 31 ± 118 (p < 0.01). 
The longest R-R interval decreased in all subjects from 
3030 ± 771 to 2195 ± 468 ms (p < 0.01). The daily num
ber of couplets and triplets did not change significantly 
(21 ± 78 versus 29 ± 108). In no patients were episodes 
of ventricular tachycardia observed either before of af
ter drug administration. 

Table 1. Effects of oral theophylline on the electrocardiographic parameters during long-term treatment 

Basal evaluation Steady state 1 
(n = 17) (n = 17) (n = 15) 

Daily theophylline dosage (mg) 700 485±80 
Serum theophylline level (ng/ml) 13±4 1O±3 
Resting HR (beats/min) 47±5 67±1O 66±12 
Mean 24-h HR (beats/min) 51±6 67±12 65±14 
Minim. 24-h HR (beats/min) 32±5 43±10 42±10 
Maxim. 24-h HR (beats/min) 96±18 109±20 105±25 
Daily no. of pauses> 2500 ms 806±2472 31±119 7±16 
Daily no. of wide QRS complexes 530±769 1076±1652 1459±3324 

HR, Heart rate 
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Theophylline treatment 
follow-up (months) 

12 24 
(n = 10) (n = 7) 

421±163 429±170 
8±4 9±4 
64±1l 62±8 
60±8 60±6 
37±5 36±4 
111±12 109±13 
11±27 15±24 
530±411 560±541 

36 
(n = 5) 

480±164 
1O±3 
61±3 
60±3 
37±3 
112±12 
8±8 
466±157 
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Fig. I. Effects of oral theophylline on the electrocardiographic pa· 
rameters at the steady state evaluation. B, basal evaluation; Th, af· 
ter theophylline; HR, heart rate 

Theophylline did not significantly change systolic 
and diastolic blood pressure. The serum theophylline 
level was 13 ± 4 ng/ml (range, 5-21 ng/ml). The correla
tion between the serum theophylline level and the per
centage change in the resting heart rate, the mean 24-h 
heart rate, and the minimum 24-h heart rate was poor. 

Follow-up 

The mean follow-up period was 20 ± 18 months 
(range, 1-55 months). Long-term therapy was initiated 
at a dosage of 400 - 600 mg daily. 

During the follow-up, seven patients died after 15 
± 14 months of treatment. One patient died of heart 
failure, two of arterial embolism, and four of noncar
diovascular disease (pneumonia, pulmonary neoplasm, 
rectal neoplasm, and pulmonary complications after 
prostatectomy). None of these patients died suddenly. 

These seven patients were followed in the hospital 
for their terminal illness; they continued to take theo
phylline, and in all cases, the resting heart rate was 
similar to that observed at the steady state evaluation. 

One patient complained of syncope; he refused 
pacemaker implantation, continued theophylline treat
ment, and remained asymptomatic in the subsequent 
21 months. In the other patients, syncope or presyn
cope did not occur during the follow-up period. The 
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drug markedly reduced asthenia and fatigue in the pa
tients complaining of these symptoms. Three patients 
complained of palpitations, despite the reduction in 
the daily dosage of the drug to 200-300 mg; the resting 
heart rate was 90, 95, and 110 beats/min, respectively. 
The drug was discontinued after 20 ± 11 months of 
treatment, and in the subsequent visits the resting 
heart rate was between 80 and 100 beast/min for a 
mean period of 8 ± 3 months. In these three patients, 
thyroid hormones were within the normal range, signs 
of heart failure were absent, and there were no obvi
ous causes for the increase in heart rate. 

In two patients, theophylline had to be discontin
ued at about 1 month because of nausea. During the 
follow-up period, other patients complained of slight 
gastric disturbances, which disappeared after a tempo
rary or permanent reduction of the dosage. 

The values of the ECG parameters during the fol
low-up period are presented in Table 1 and in Fig. 2. In 
the latter, the ECG parameters of the seven patients 
followed for at least 24 months are shown graphically; 
this is an intrapatient comparison that allows us to bet
ter evaluate the effects of the drug on heart rate. The 
values of the resting heart rate, the mean 24-h heart 
rate, and the minimum 24-h heart rate during the fol-
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lowing period were similar to those observed at the 
steady-state evaluation, though the mean dosage of 
theophylline had been reduced. The daily number of 
cardiac pauses during the follow-up was similar to that 
observed at the steady state. In two patients, the fol
low-up heart rate decreased to control values at one 
visit; in both patients the serum theophylline level was 
less than 5 ng/ml and it is possible that they were non
compliant with their medication schedule for a period 
of time. 

Comments 

The mean age of our patients with AF and a slow ven
tricular response was high (about 80 years). This may 
partially explain the high mortality rate observed dur
ing the follow-up period. However, in no patients was 
death attributable to the A V conduction disturbance, 
since none died suddenly. We did not include patients 
with bundle branch block, in which the slow ventricu
lar response might be an expression of a conduction 
disturbance within the His-Purkinje system, where 
theophylline does not appear effective. At the steady 
state evaluation, the drug significantly increased the 
resting heart rate, the mean 24-h heart rate and the 
minimum 24-h heart rate and abolished or markedly 
decreased the number of cardiac pauses. We previous
ly reported an increase in exercise heart rate by 26% 
(10). These data confirm that theophylline improves 
A V nodal conduction, resulting in a faster response 
rate. 

Theophylline has several possible mechanisms that 
might explain the positive chronotropic and dro
motropic action: inhibition of phosphodiesterase, acti
vation of the sympathetic nervous system, and antago
nism of cardiac effects of adenosine; however, several 
observations suggest that the primary action of theo
phylline at therapeutic concentrations is the blockade 
of adenosine receptors (11, 12). Adenosine has been 
shown to slow down the sinus rate and depress A V 
nodal conduction in laboratory animals and in clinical 
patients (13, 14). 

During long-term therapy, the heart rate was simi
lar to that observed at the steady state evaluation de
spite the reduction in the daily dosage. This suggests 
that the positive dromotropic action of the drug does 
not decrease in time. 

During the follow-up period, only one patient 
complained of syncope; the remaining patients re
mained free of neurologic symptoms. Our results, 
therefore, suggest a reduction in bradycardia-related 
symptoms in patients with AF and a slow ventricular 
response treated with theophylline; this observation 
seems to be supported by the marked reduction in the 
frequency of cardiac pauses. However, the natural his
tory of AF with a slow ventricular response is un
known; in particular, we do not know whether the 
course of neurologic symptoms in this type of arrhyth
mia is variable from patient to patient, with frequent 
spontanous remissions as in sick sinus syndrome, or 
whether the clinical course is constantly changing (15-
17). 

It has been recently demonstrated that, at least in 

234 

the majority of cases, a patient with sick sinus syn
drome is symptomatic with syncope only if he or she 
has an abnormal neural reflex in addition to the sinus 
node dysfunction (6,7). 

At present, we do not know whether an AF with a 
slow ventricular response syncope is an expression of 
exhaustion of A V nodal conduction or of an abnormal 
neural reflex. However, theophylline seems effective 
in both these circumstances, since it markedly decreas
es cardiac pauses and prevents tilt-induced neuromedi
ated syncope (18). The reduction in asthenia and fa
tigue during long-term treatment is interesting; it can 
be related both to the increase in heart rate and to a 
stimulant effect on the central nervous system (19). 

At the steady state evaluation, oral theophylline, 
as well as increasing the heart rate, increased the num
ber of wide QRS complexes, albeit not significantly. 
An arrhythmogenic effect of the drug has been report
ed in previous investigations conducted in patients 
with normal sinus rhythm or sinus bradycardia (20-24). 
In the present study, however, it is not possible to de
fine with certainty in the Holter recording whether the 
wide QRS complexes were ventricular beats or aber
rantly conducted supraventricular beats related to the 
increase of the heart rate induced by theophylline. 

After a mean period of treatment of 11/2 years, 
three patients (17 %) complained of severe palpita
tions; their heart rate had increased spontaneously and 
the drug was discontinued. Thus we observed spon
taeous recovery of the A V conduction disturbance of 
uncertain origin, something which has not been de
scribed before. 

In two patients, theophylline had to be discontin
ued because of nausea; it has already been reported 
that in about 15% of subjects the drug has to be dis
continued because of gastric intolerance (19). It was 
recently reported that in patients with AF and a nor
mal resting heart rate, oral theophylline significantly 
increases the exercise heart rate, but only slightly in
creases the resting heart rate (+3%) (25). Moreover, 
the drug induces a more marked increase of the resting 
sinus rate in subjects with sinus bradycardia (+34%) 
than in those with normal sinus rate (+5%) (20, 26, 
27). The reason for a more marked effect of the drug 
when the heart rate is slow is unclear. Adenosine, 
which is antagonized by theophylline, may play an im
portant role in the pathophysiology of the sick sinus 
syndrome and of the A V nodal block (28). 

Our data indicate oral theophylline as an effective 
therapy in most patients with AF and a slow ventricu
lar response and suggest that the initial dosage of the 
drug should be 500 - 600 mg daily; it can be then 
slightly decreased or increased according to the clinical 
course. Serum theophylline levels should be 5 ng/ml or 
more; with lower values, the effects of the drug on 
heart rate are unreliable. Furthermore, to prevent side 
effects of the drug, the serum concentration should not 
be greater than 15 ng/m!. 

At present, there are no data to help define 
whether electrical therapy or oral theophylline treat
ment in patients with AF and slow ventricular re
sponse is preferable. In the absence of clear data, the 
following guidelines seem reasonable: 
1. Patients with AF, slow ventricular response, and 



narrow QRS complex: oral theophylline; if the drug 
fails to bring therapeutic benefit or causes undesirable 
side effects, we can proceed to pacemaker implanta
tion. 
2. Patients with AF with slow ventricular response and 
wide QRS complex: pacemaker implantation. 
3. Patients with "brady-tachy AF": pacemaker implan
tation and concomitant antiarrhythmic therapy. 
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Epidemiology 

Atrial fibrillation is by far the most frequent arrhyth
mia. It is particularly frequent in the elderly, in males, 
and in patients with heart disease. The prevalence of 
atrial fibrillation is 9.1 % in men and women with car
diovascular disease (1). Data from the Framingham 
study (2) indicate that the overall incidence of devel
oping atrial fibrillation was 529 new cases per year per 
100000 inhabitants aged 50-79 years (250 and 279 for 
paroxysmal and chronic forms, respectively). Given 
this high incidence, even if catheter ablation therapy 
were prescribed for a minority of drug-refractory pa
tients, the total number of potential candidates for this 
treatment would be high. For example, during 1994 in 
our institutions radiofrequency catheter ablation of the 
atrioventricular junction and subsequent pacemaker 
implantation were performed in 6.4 patients per 
100.000 inhabitants; that was only 1.2% of the patients 
with a new atrial fibrillation, but 18% of the total num
ber of pacemakers implanted during the same period 
in that population. For comparison, it should be noted 
that the annual incidence of a new case of Wolff
Parkinson-White syndrome is 4 persons per 100000 in
habitants (3), about one third of whom may perhaps 
benefit from radiofrequency therapy. 

Reasons for Converting Atrial Fibrillation to Sinus 
Rhythm 

Sinus rhythm is preferable to atrial fibrillation. The 
major reasons for converting atrial fibrillation to sinus 
rhythm are ventricular rate control, hemodynamic im
provement, a sense of well-being and, possibly, the 
avoidance of embolism (4). The question of ventricular 
rate control is generally straigthforward, as the vast 
majority of patients clearly are not confortable at ven
tricular rates >100 bpm, while rapid ventricular rates 
for prolonged periods lead to ventricular dilatation, 
congestive heart failure, and a rate-related cardiomy
opathy (5-8). Generally, restoration of sinus rhythm 
produces prompt improvement of cardiovascular per-
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formance. Therefore, the principle that sinus rhythm 
must be maintained whenever possible is generally ac
cepted (4). However, failure to maintain stable sinus 
rhythm occurs in 35%-50% of patients with paroxys
mal atrial fibrillation or chronic atrial fibrillation of re
cent onset within 1 or 2 years even if serial antiarrhyth
mic drug treatments are used (9-12). Causes of failure 
are: long-lasting atrial fibrillation, unsuccessful car
dioversion, frequent recurrences despite multiple drug 
trials (including amiodarone), the risk of proarrhyth
mia (especially in patients with heart failure), and poor 
compliance with prolonged pharmacological treat
ment. 

In patients with chronic atrial fibrillation and in 
those with paroxysmal atrial fibrillation in whom re
currences are frequent or poorly tolerated, it is impor
tant to provide therapy to control ventricular response. 
In such cases, therapy is prescribed on the assumption 
that ventricular rate control provides greater comfort 
for the patients and may ameliorate their cardiac per
formance. This assumption has largely been undemon
strated even though it is widely accepted. Ventricular 
rate during atrial fibrillation can be successfully con
trolled by means of drugs or ablative techniques. 

Pharmacological Control of Heart Rate 

In many patients with atrial fibrillation and a rapid 
ventricular rate, the current pharmacological approach 
is largely unsatisfactory. 

Digoxin 

Monotherapy with digoxin has been shown to slow 
resting heart rate in comparison with placebo in most 
patients, but because digoxin's predominant effect on 
the resting heart rate is mediated by an enhanced vagal 
tone, the beneficial effects frequently may not be 
maintained during exertion, when vagal influences are 
withdrawn. Indeed, in one study (l3), mean decrease 
in heart rate was l3% at rest (from 93±5 bpm during 
the placebo phase to 81±5 bpm during the digoxin 
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tion and by its vasodilatatory effect. However, the rate 
control achieved with sotalol was un associated with a 
significant improvement in symptoms. 

Amiodarone 

The effect of amiodarone in controlling rapid ventricu
lar rates has only seldom been evaluated. In one study 
(10) heart rate decreased at rest from a mean of 89 
bpm to 67 bpm (25% decrease). 

Unresolved Issues Concerning Pharmacologic Control 
of Heart Rate 

It is generally accepted that control of heart rate to 
values <90 bpm makes most patients more comfort
able, but controlled studies are lacking (4). Channer et 
al. (34) found that both high-dose digoxin and vera
pamil significantly reduced symptom scores for palpi
tation, but both treatments were unable to improve 
dyspnea or walking distance. Lewis et al (23) found no 
evidence that the further reduction in ventricular rate 
seen with the combination of digoxin and diltiazem 
was associated with improved exercise tolerance; they 
concluded that the use of diltiazem does not appear to 
be of benefit in the majority of patients. Moreover, 
very little is to be found in the literature about an im
provement in cardiac performance and/or survival as a 
result of heart rate control. Only few case reports exist 
which show the reversible effect of successful control 
of rapid heart rate on tachycardia-induced cardiomy
opathy (6,35). On the other hand, an increased ventric
ular rate partially compensates for the reduction in 
stroke volume due to the loss of atrial contraction. 
Thus, within certain ranges, tachycardia can be a bene
ficial phenomenon, partially counteracting an even 
greater fall in cardiac output than would otherwise oc
cur; the optimal heart rate varies from patient to pa
tient (4). This could explain why exercise tolerance is 
only slightly increased, if at all, by reducing ventricular 
rate. Furthermore, pharmacologic therapy is always 
unable to suppress rhythm irregularity. It is well 
known that rhythm irregularity greatly affects cardiac 
contractility and decreases cardiac output (4). 

The role and safety of standard doses of calcium
channel antagonists and B-blockers in patients with 
congestive heart failure remain controversial. Vera
pamil and diltiazem have negative inotropic effects that 
may cause hemodynamic deterioration, particularly in 
patients with marked left ventricular dysfunction. B
adrenergic blockers, which also exert negative inotropic 
effects, not only may precipitate congestive heart fail
ure but also may be contraindicated in patients with un
derlying bronchospasm caused by asthma or chronic 
obstructive pulmonary disease. It is not clear whether 
either class of drugs can be safely recommended for pa
tients with underlying cardiac or pulmonary disease, 
particularly when relatively high doses are needed for 
rate control (19,21,25,29,31). Amiodarone, too, which 
could be a valid alternative to calcium antagonists and 
to B-blockers, may cause many side effects involving all 
organ systems; side effects are considered clinically sig
nificant in about 20% of cases and require discontinua
tion of therapy in 8 % of cases (36). 



In conclusion, although sufficient heart rate control 
can probably be achieved in most cases with pharmaco
logic therapy, its clinical benefits still remain unclear. 

Radiofrequency Catheter Ablation 

Benefits 

Catheter ablation of the atrioventricular junction is an 
excellent alternative for those patients with atrial fib
rillation in whom arrhythmia is refractory or who can
not tolerate the drugs needed. The success rate of in
ducing complete atrioventricular block by using ra
diofrequency energy is close to 100%, especially if a 
sequential right- and left-sided approach is used (37-
43). It must be noted that atrioventricular junction ab
lation is not curative, since these patients require 
chronic cardiac pacing. However, radiofrequency abla
tion plus pacemaker-guided rhythm allows a virtually 
optimal rate control to be achieved, which is undoubt
edly superior to that obtainable with drugs. 

This better heart rate control, together with the ab
sence of the adverse effects of drugs, also seems to be 
able to determine better clinical results. Ablation thera
py has proved to be particularly efficacious in control
ling palpitations, which virtually disappeared in all pa
tients with both paroxysmal and chronic forms (43-45). 
In a controlled, prospective study by our group (44), ab
lation greatly increased the functional capacity of pa
tients with severe symptoms; the symptom scores for 
palpitations, rest dyspnea, effort dyspnea, exercise toler
ance, asthenia, and NYHA class improved by 13%-96% 
after ablation. The beneficial effects were nearly twice 
as great as those seen in the control group. It is likely 
that cardiac performance can also be improved by abla
tion in comparison with conventional therapy. Indeed, 
in studies by various authors, exercise tolerance in
creased by 17%-54% after ablation (39,44,46) and a re
duction in left ventricular diameters resulting in an im
provement of fractional shortening of 34%-44% was 
observed in the patients with originally depressed func
tion (39,40,44,47). Benefits are maintained during long
term follow-up in many cases (45). In our own series, 90 
patients (mean age 70±10 years) underwent radiofre
quency ablation for drug-refractory paroxysmal (n=30) 
or chronic (n=60) atrial fibrillation. Heart failure was 
present in 47%. After ablation, they were followed for 
up to 24 months (mean 14 months): compared with the 
pre-ablation value, NYHA class improved at the end of 

follow-up in 46%, worsened only in 1 %, and remained 
unchanged in 53 % of cases. There were only 9 hospital
izations for cardiac problems after ablation, in compari
son with 215 hospitalizations before ablation. 

Risk 

There are several disadvantages to catheter ablation, 
other than the need for pacemaker implant. These in
clude serious procedure-related complications and the 
risk of sudden death. Complications of atrioventricular 
junction ablation with radiofrequency energy in 1643 
patients from the available patient series (42,43,48-51) 
have been pooled together and reported in table 3. 
These include a mortality rate from the procedure of 
0.3%, ventricular tachycardia/fibrillation in 0.4%, and 
an incidence of early life-threatening complications, 
such as pulmonary embolism and cardiac tamponade, 
of 0.4%. However, complications are fairly rare and 
their incidence is significantly lower than that observed 
in the historical series of patients treated with direct 
current (DC) shock energy (52-56). The high rate of 
complications observed with DC energy has probably 
led to some overestimation of the risks of radiofre
quency therapy. Although no clear pro arrhythmic ef
fects have been established, ablation of cardiac tissue is 
potentially arrhythmogenic. This mechanism is not 
completely known; in some cases improper cardiac 
electro stimulation was the cause (38). Basically, the ob
served risk was very low (0.4 %), being five times lower 
than that incurred with DC shock energy (Table 3). 
Since ventricular tachycardia/fibrillation occur in the 
first 24-48 h after ablation, this potentially lethal com
plication can be corrected by monitoring the patient in 
the intensive care unit during this period. Most of the 
patients who die in the periablation observation period 
are reported to have severely depressed left ventricular 
function with very low ejection fraction values (53). 

There is no evidence of an increased risk of death 
during long-term follow-up in patients treated with ra
diofrequency ablation. Indeed, during a follow-up du
ration ranging from 5 to 24 months, a pooled group of 
438 patients including our own series and two studied 
by other authors (43,50) showed a 4.8% total death 
rate and a 1.6% sudden death rate. In our own series 
consisting of 90 patients, actuarial mortality rates were 
5% and 12% after 1 and 2 years, respectively (Fig 1). 
Overall, there were eight deaths, five of which were 
due to heart failure, one to sudden death and two to 
noncardiac causes. The observed survival curve was 

Table 3. Procedure-related complications of atrioventricular junction ablation with radiofrequency energy (1643 patients) "and with DC shock 
energy (903 patients) hfrom the available patient series 

Complication 

Procedure-related deaths 
Non-fatal VT-VF 
Early life-threatening events 
(embolisms, tamponade) 
Other minor events 

DC, direct current. 
"Radiofrequency series (42,43,48-51). 
bDC series (52-56) 

(n) 

4 
6 
8 

40 

RF group 
(n=I643) 

(%) (n) 

0.3 13 
0.4 13 
0.5 11 

2.4 40 
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DC group p Odds ratio 
(n=903) value (±95% confidence limit) 

(%) 

1.4 0.0001 0.2 (0.05-0.5) 
1.4 0.005 0.2 (0.08-0.7) 
1.2 0.07 0.4 (0.1-1.1) 

4.4 0.008 0.5 (0.3-0.9) 
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Fig 1. Actuarial estimate of death rate in our own series of 90 
patients affected by drug-refractory atrial fibrillation who had 
received radiofrequency ablation of atrioventricular junction and 
subsequent pacemaker implant (RF). The survival curve of a large 
series of medically treated patients affected by atrial fibrillation 
enrolled in the V-HeFT II study (54), whose clinical characteristics 
seem to be similar to those of our population, is superimposed 

Table 4. Advantages and disadvantages of catheter ablation of the 
atrioventricular junction versus drug therapy for the control of 
rapid ventricular rate in patients with atrial fibrillation 

Advantages 

Better ventricular rate control 
Improved symptom control 
Improved myocardial function 
for some 

No need for antiarrhythmic drugs 
(drug toxicity and proarrhythmia) 

Lesser need for hospitalization for 
refractory cases 

Disadvantages 

Need for pacemaker implant 
Procedure-related complications 
Long-term outcome not well 
known 

closely similar to that of the large group of patients en
rolled in the V-HeFT II study (57) whose clinical char
acteristics seem to be similar to those of our popula
tion (Fig 1). 

Conclusion 

The potential benefits and disadvantages of catheter 
ablation versus pharmacologic therapy for the control 
of rapid ventricular rate are listed in Table 4. The tim
ing of ablative therapy is a matter of clinical judgment. 
It is not appropriate to exhaust every possible combi
nation of antiarrhythmic drug therapy before proceed
ing with ablation. The benefits of improved myocardial 
function and obviating the need for hospitalization 
have been demonstrated for ablation therapy. The risk 
of procedure-related complications, though fairly rare, 
remains a concern. Catheter ablation technique is suf
ficiently refined, safe, and efficacious that randomized 
trials comparing catheter ablation and drug therapy 
should be considered. 
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How Effective and Safe Is Internal Direct Current Shock for Atrial Fibrillation 
Refractory to External Cardioversion? 
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In a group of patients (6%-50% in different series) 
with atrial fibrillation (AF) external cardioversion and 
pharmacological therapy failed to restore sinus 
rhythm. AF is not a benign arrhythmia; it causes dis
abling symptoms and hemodynamic disturbances relat
ed to the rapid ventricular response and/or to the loss 
of the atrial kick. Moreover, patients with AF are at a 
higher risk of systemic embolism and stroke as as
sessed by the Framingham study (1, 2). In patients with 
AF resistant to pharmacologic and transthoracic elec
trical cardioversion the following therapeutic options 
are available: 
- Drugs acting on the atrioventricular (A V) node con
duction (verapamil, beta-blocking agents) 
- A V node or His bundle ablation with subsequent 
pacemaker insertion 
- High energy internal cardioversion (HEIC) 
- Low energy internal cardioversion (LEIC) 

The first two treatments improve symptoms and 
hemodynamics with no effect on the embolic risk, 
which is reduced only by the latter procedures when 
successful. The purpose of the present study was to as
sess the short and long-term efficacy and the safety of 
internal cardioversion (IC) with both high and low en
ergy in such patients. 

Methods 

From March 1992 to February 1995, 34 patients with 
AF underwent IC; 23 were men and 11 women, with a 
mean age of 56.6 years (±10). An underlying heart dis
ease was present in 26 patients (76%): ten patients had 
coronary heart disease, nine a dilated and one a hyper
trofic cardiomyopathy, four had mitral valve disease, 
and two congestive heart failure. AF duration ranged 
from 1 day to 30 months (mean, 7.7 months). 

The mean body weight was 85.1 kg (±17,8), and 
the mean left atrial size 45,2 mm (±7.4). All patients 
had failed at least one pharmacologic and one 
transthoracic electrical cardioversion attempt. All but 
two patients had chronic AF (lasting more than 1 
month) 
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External cardioversion consisted of synchronized 
direct current (DC) shocks delivered at increasing en
ergy levels: 100, 200, and 300 J, the latter repeated 
twice. The need for and type of anticoagulation were 
decided according to our protocol. In brief, patients 
with arrhythmia duration less than 3 days were not 
generally anticoagulated. Those with AF lasting more 
than 3 days were fully anticoagulated in the presence 
of atrial or auricular thrombi discovered by trans
esophageal echocardiography or in the presence of mi
tral stenosis, heart failure, or previous embolism. If 
smoke effect without atrial thrombi was detected, sub
cutaneous heparin was administered for 2 days before 
the procedure. If AF lasted more than 3 days but there 
was no evidence of atrial thrombi or smoke effect, no 
treatment was given. Full anticoagulation was per
formed in all the patients after successful cardioversion 
for at least 1 week. 

The first 29 patients underwent HEIC, the last five 
LEIC; the latter procedure was started in our Institu
tion in May 1994. 

All the patients undergoing HEIC were treated 
with antiarrhythmic drugs before the procedure (750 
mg propafenone die in 18 patients and 200 mg amio
darone die in the remaining 11 with left ventricular 
dysfunction); these were usually discontinued if IC 
failed. Patients treated with LEIC started antiarrhyth
mic drugs immediately after sinus rhythm was restored 
(generally 2 mg propafenone/kg i.v. followed by 750 
mg propafenone per os die) to avoid defibrillation 
threshold increase. 

HEIC was performed in the fasting state during 
anaesthesia induced with 100-150 mg propofol i.v., 
while patients undergoing LEIC were only slightly se
dated with diazepam (5 mg i.v.). In patients undergo
ing HEIC, two quadripolar unused catheters were in
serted in the right cavities through the femoral or sub
clavian vein. One was left in the right ventricular apex 
for emergency pacing. The other was positioned in the 
right atrium to administer shock. In the first five pa
tients, the tip of the atrial lead was in contact with the 
tricuspidal annulus and the most proximal electrode 
was in the cavity of right atrium, as suggested by Levy 



(3); in the following 24 patients the catheter was float
ing in the middle of the atrium, far from the atrial 
walls as assessed by left (LAO) and right anterior 
oblique view (RAO) projections. Unipolar synchro
nized shocks were delivered between a back plate (an
ode) and the proximal (first five patients) or one of the 
middle (following 24 patients) electrodes of the atrial 
lead (cathode). The following energy values were used 
in sequence: 100,200, and 3001. 

The procedure was ended after restoration of the 
sinus rhythm or after the 300 J shock discharge. 

In patients undergoing LEIC, two unused decapo
lar catheters were advanced from the femoral vein up 
to the distal coronary sinus and the lateral right free 
wall, respectively. A quadripolar catheter was placed in 
the right ventricular apex to enable ventricular syn
chronization. The electrodes of each decapolar catheter 
were electrically coupled to create two electrodes. Us
ing the right atrial catheter as the anode and the coro
nary sinus catheter as the cathode, R wave synchro
nized shocks were delivered at increasing energy levels 
of 0.2, 0.6, 1.4, 2.5, 4.0, 5.7, 7.7, and 10 1. Shocks were 
biphasic, truncated and exponential. All the catheters 
were generally inserted via the right femoral vein. 

An electrocardiographic (ECG) recording was ob
tained during the cardioversion procedure and for the 
following 15 min; data were analyzed using the chi
square analysis. A p value of 0.005 or less was consid
ered significant. 

Results 

High-Energy Internal Cardioversion 

Sinus rhythm was restored in 23 patients (79%): in sev
en (30%) with one, in nine (39%) with two and in sev
en (30%) with three shocks. Transient complete A V 
block, treated with prophylactic ventricular pacing, oc
curred in two patients (7%) - in two of the first five 
patients (40%) and in none of the following 24 
(p=0.0049). First degree A V block occurred in two of 
21 patients (10%) without transient complete A V 
block in which sinus rhythm was restored - in two of 
three in the first five patients and in none of the fol
lowing. In total, four of the first five patients (80%) 
showed transient A V conduction disturbances com
pared with none in the remaining 24 (p=0.0001.) 

Transient bradycardia appeared in one patient. No 
other complication was noted after IC, as assessed by 
echo cardiography performed at the end of the proce
dure and 24 h later. 

No correlation was found between sinus rhythm 
restoration and left atrial size, body weight, or AF du
ration. 

At a mean follow-up of 15 months, AF recurred in 
only nine patients (39%). A second IC attempt was 
not performed in patients with AF recurrence. A total 
of 14 patients (48%) of the whole patient population 
that underwent IC were in sinus rhythm at 12 months 
follow-up. No patient that underwent IC died during 
the follow-up, and no correlation was found between 
AF recurrence and left atrial size, body weight, or AF 
duration. 
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Low-Energy Internal Cardioversion 

In the five patients undergoing LEIC, sinus rhythm 
was restored in all with energy levels ranging from 1 to 
101. Two patients with paroxysmal AF had the lowest 
defibrillation threshold (0.6 and 1.4, respectively). Pa
tients complained of increasing levels of discomfort 
with increasing energy levels. No complication was 
noted in any patient as assessed by echocardiography 
performed at the end of the procedure and 24 h later. 

At a mean follow-up of 6 months (range, 2-11 
months), AF recurred in one patient. The small num
ber of the patients treated with LEIC does not permit 
any correlation between sinus rhythm restoration or 
AF recurrences and left atrial size, AF duration or 
body weight. 

Discussion 

AF was considered a benign arrhythmia until the late 
1970s, when several studies demonstrated a higher in
cidence of stroke in patients with AF without rheumat
ic valvular disease and even in those without heart dis
ease compared to normal population matched for age 
and blood pressure (1,2,4). 

The pathogenesis of stroke in such patients is 
probably multifactorial but the most important factor 
is embolization of left atrial thrombi whose formation 
is closely related to the presence of AF (5). 

These new insights had two important effects: 
- A more aggressive management of AF in order to re
store sinus rhythm even in patients with AF of long 
duration 
- The widespread use of antithrombotic medication in 
patients in whom sinus rhythm restoration attempa
tients failed 

Patients in whom pharmacologic or electrical 
transthoracic cardioversion were unsuccessful were 
usually treated with drugs acting on A V node conduc
tion such as verapamil or beta blockers. More recently, 
A V node or His bundle transcatheter ablation, with 
subsequent implantation of a permanent pacemaker, 
has been employed in such patients (6, 7). 

The above therapeutic options ameliorate symp
toms and hemodynamics but have no impact on em
bolic risk because the atria remain in AF. 

A third and new approach is IC that can be per
formed using high (8-10) or low energy (11,12). In ex
ternal cardioversion, a large part of the energy does 
not reach the heart because of transthoracic imped
ance (13), while during IC the energy is delivered di
rectly to the atrium. This accounts for the success of IC 
in patients in whom external cardioversion failed to re
store sinus rhythm. In fact, in all patients undergoing 
IC in this study, one or more attempts with transtho
racic DC shock had been unsuccessful. 

High-Energy Internal Cardioversion 

The immediate success (sinus rhythm restoration) was 
very high (79%) and comparable with that reported by 
other authors in patients with AF resistant to external 
cardioversion (3, 8, 9). 



In accordance with other studies (3, 8-10) we had a 
low rate of complications during and after Ie. No pa
tients had pericardial effusion, ventricular arrhythmias, 
or permanent complete A V block. 

In contrast to the data reported by Levy (8), we 
noted a lower incidence of transient A V block (8%); 
in our series, it appeared to be related to the position 
of the atrial lead delivering the shock. 

When the catheter was positioned in the tricuspidal 
area, as in the first five patients, we observed transient 
complete A V block in two patients (40%); moreover 
transient prolongation of A V conduction was noted in 
two of the remaining three. Levy reported a 37% inci
dence of transient complete A V block after shock de
livered through a catheter positioned in the tricuspid 
area (8); the incidence of transient A V conduction pro
longation in patients with restored sinus rhythm and 
without transient complete A V block was not reported. 

When the shock was delivered through a lead 
floating in the middle of the atrial cavity, as in the fol
lowing 24 patients, no A V conduction disturbance was 
noted in our patients. 

The difference between our two groups in devel
oping any kind of transient A V conduction distur
bance or specifically transient A V block is statistically 
significant (p=0.0001 and p=0.049, respectively). Me
chanical trauma of the A V junction during the shock 
accounts for the high incidence of A V conduction dis
turbances observed when the atrial lead was left in 
contact with the tricuspid annulus. 

During 1 year of follow-up, 39% patients had AF 
recurrence. The incidence of AF recurrence in our 
study seems to be lower than that reported by Levy (8) 
and Levy and Morady (10); the only difference be
tween our and Levy's studies was the extensive use of 
propafenone for AF recurrence prophylaxis in our pa
tients. The low AF recurrence rate in our study does 
not imply a superior efficacy of IC in the prevention of 
AF recurrence. Animal and clinical studies (8, 9) have 
suggested that stretching of atrial fibers and a long
lasting alteration in transmembrane ion flux might lead 
to a better efficacy of HEIC respect to transthoracic 
cardioversion in preventing AF recurrence (8, 9). 
However, the recent study by Levy and Morady (10) 
has shown that the recurrence rate of AF is not differ
ent in patients in whom sinus rhythm was restored with 
HEIC or external cardioversion. 

No correlation was found in our study between si
nus rhythm restoration or AF recurrence and body 
weight, atrial size, or AF duration. 

Levy and Morady (10) reported that body weight 
was the only variable associated with the outcome of 
cardioversion; their study population consisted of 112 
patients randomized to undergo external cardioversion 
or Ie. An inverse correlation between body weight 
and successful cardioversion applies to the whole pop
ulation, with no distinction being made between pa
tients undergoing external cardioversion and those un
dergoing HEIe. 

Body weight correlates with chest diameter and 
consequently with transthoracic impedance which is 
inversely related to the current flow traversing the 
heart during external cardioversion (14 - 16). Conse
quently a correlation between body weight and suc-
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cessful cardioversion is expected in external cardiover
sion but not in HEIe. 

The results reported by Levy and Morady proba
bly reflect only the effect of body. weight on external 
cardioversion. In our study, no correlation was found 
between body weight and sinus rhythm restoration in 
patients who underwent HEIe. The inverse relation 
between body weight and the transthoracic cardiover
sion success rate is indirectly confirmed by the fact 
that, not surprisingly, the mean body weight of our pa
tients (in all of whom at least one external cardiover
sion attempt had failed) was very high. 

Some investigators have reported a relation be
tween atrial size or AF duration and cardioversion suc
cess rates (17-20), others between atrial size or AF du
ration and AF recurrence (19,21). 

Our and other recent studies using both HEIC and 
transthoracic cardioversion have not found any of the 
above correlations (8-10, 22). These differences proba
bly reflect the fact that the prevalence of the underly
ing heart diseases is now different. 

Low-Energy Internal Cardioversion 

Recent animal (23,24) studies showed that conversion 
of AF to sinus rhythm is feasible by intracardiac appli
cation of low energy shocks. Our and other studies (11, 
12) demonstrate that the procedure is safe and effec
tive in humans too. Moreover, in our patients previous 
attempts with external shock had failed; this fact sug
gests that LEIC may be used in other groups of pa
tients achieving a lower defibrillation threshold. In our 
study, sinus rhythm was successfully restored with 
about 5% of the energy normally used during 
transthoracic cardioversion, which explains the ab
sence of any kind of complication. Our preliminary re
sults in patients with AF refractory to external DC 
shock suggest that LEIC may be used in the future as 
the treatment of first choice in patients with paroxys
mal or chronic AF because of its safety, efficacy, and 
the low energy required; moreover general anesthesia 
is unnecessary. 

Conclusions 

IC with both high and low energy is a safe and effec
tive procedure to restore sinus rhythm in patients with 
AF in whom one or more attempts at external car
dioversion had failed. In HEIC, shocks delivered 
through a catheter floating in the right atrial cavity, far 
from the A V ring and His bundle, reduce the risk of 
transient complete A V block and other A V conduc
tion disturbances. In our and other studies, ventricular 
tachyarrhytmias have been never induced with either 
HElC or LEIe. 

In our institution LEIC is actually the treatment of 
choice for patients in whom transthoracic defibrillation 
was unsuccessful, because it does not require general 
anesthesia; moreover, LEIC requires a significantly 
lower energy level, thus avoiding the uncommon side 
effects of HEIC; if LEIC is not effective, HEIC repre
sents the last therapeutic option in these patients. IC is 
an additional important tool in the treatment of pa-



tients with AF. In our study, at 15 months follow-up, 
46% of the whole patients population that underwent 
Ie remained in sinus rhythm. These patients would be 
in AF if a non aggressive approach had not included 
Ie, with either high or low energy, after the failure of 
external De shock. 
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Introduction 

A few years ago, John Camm and I wrote an editorial 
(1) presenting the conditions necessary to make the 
dream of an atrial defribillator come true, These con
ditions include feasibility, safety, and tolerability. The 
atrial defibrillator should be able to reliably detect and 
terminate atrial fibrillation (AF). The feasibility and 
safety of such a device must be discussed together with 
the possible need for an implantable atrial defibrillator 
(lAD) and its role among the therapeutic strategies for 
AF. 

Is There a Need for an Automatic Implantable Atrial 
Defibrillator? 

AF is an extremely common arrhythmia seen in clini
cal practice, as shown by a number of epidemiologic 
studies. Pharmacologic therapy represents a first-line 
treatment, and a number of patients respond favor
ably, at least for a given period of time. However, a 
significant number of patients have recurrent attacks 
of AF despite pharmacologic therapy; others are con
trolled, but the drug is discontinued as the patient de
velops intolerable side effects. Symptoms related to 
the arrhythmia may be due to the rapid ventricular re
sponse and/or irregular rhythm. Other symptoms or 
complications include a deleterious effect on cardiac 
function, reduced cardiac output, and peripheral em
boli. The embolic risk averages 3%-5% per year and 
depends on the age of the patient, the presence and 
type of underlying heart disease, and ventricular func
tion. The clinical presentation of AF is quite heteroge
nous, and a classification system has recently been pro
posed (Table 1). Obviously, symptomatic patients in 
class III, i.e., patients who experience symptomatic 
episodes of AF despite the use of antiarrhythmic 
agents (sodium channel blockers and potassium chan
nel blockers), represent potential candidates. The 
number and duration of episodes should be taken into 
account in the indications. Patients with frequent 
episodes (several episodes per day) must be excluded, 
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Table 1. Proposed clinical classification of atrial fibrillation (AF) 

Class 

I 
A 
B 

II 
A 
B 
C 

III 
A 
B 
C 

Symptoms 

First attack of AF 
Spontaneous termination 
Pharmacologic or electrical 
cardioversion 

Recurrent attacks of AF (untreated) 
Asymptomatic 
Less than one attack in 3 months 
More than one attack in 3 months 

Recurrent attacks of AF (treated) 
Asymptomatic 
Less than one attack in 3 months 
More than ,one attack in 3 months 

as lAD implantation may result in too frequent dis
charges, patient discomfort, and rapid battery deple
tion. Similarly, patients with episodes of short duration 
and spontaneous termination may not be good candi
dates. 

The severity of patient symptom(s) and arrhyth
mia tolerance must be taken into account. Selected pa
tients with infrequent attacks, fewer than one episode 
per 3-month period, may benefit from an lAD, partic
ularly those patients with long-lasting episodes of AF 
that require pharmacologic or electrical reversion. It is 
not known whether there is an indication for an lAD 
in patients with asymptomatic AF and a history of em
bolic complications. In selected AF patients resistant 
to antiarrhythmic therapy aimed at preventing recur
rences and assessed with ambulatory electrocardio
gram (ECG) monitoring, an lAD may be considered. 

Other therapeutic options in patients with recur
rent AF resistant to pharmacologic therapy include 
controlling the ventricular rate with agents such as ver
apamil, diltiazem, beta-blocking agents, and digitalis. 
Such therapeutic options have not been systematically 
tested. When control of ventricular rate and symptoms 
cannot be achieved with pharmacologic treatment, 
atrioventricular (A V) node ablation with pacemaker 
implantation may be an alternative. Recently, A V 



node modification was proposed, which may obviate 
the need for pacemaker implantation in a large num
ber of patients (6). Preliminary results are encourag
ing. There are no data indicating that the control of 
ventricular rate reduces embolic risk. 

Unlike other forms of supraventricular tachycar
dias, catheter ablation of AF is not yet possible. Surgery 
for AF prevention includes the "corridor" (7) and the 
"maze" operations (8). Although the results reported 
are impressive, this major surgery carries a significant 
risk of operative mortality, and long-term results of 
morbidity in a large series are not yet available (9). 

Therefore, we believe that there are indications for 
an lAD, provided it is technically feasible, reliable in 
terms of arrhythmia detection and termination, and safe. 

Can Atrial Fibrillation Be Reliably Detected? 

An lAD should be able to reliably detect AF. Detec
tion of AF obviously requires an electrode in the right 
atrium. Atrial electrograms are more difficult to detect 
than ventricular electrograms, as the signal amplitude 
is less and it may be mistaken for a distant ventricular 
signal or interference withe other electromagnetic sig
nals. However, recent studies (10, 11) have shown that 
AF may be recognized using atrial electrograms on the 
basis of atrial rate, amplitude, probability density func
tion, and spectral analysis with a sensitivity greater 
than 88% and a specificity of 100%. The detection al
gorithm may include irregular ventricular cycles de
tected using a ventricular electrode, which is required 
for R wave synchronization. The detection algorithms 
may be further refined, as there is no urgency to termi
nate AF as opposed to ventricular fibrillation. 

Atrial Defibrillation 

Atrial defibrillation is feasible in humans using high
energy shocks (12, 13). However, as the shock for AF 
is delivered to an awake patient, the energy used 
should be low enough to avoid shock-related discom
fort. Initial studies by Mower et al. (14) using two 
catheters, one in the right atrium and the other in the 
superior vena cava, have shown successful defibrilla
tion in 125 episodes in acetylcholine-induced AF in 
dogs with energies ranging from 0.05 to 3 J. Dunbar et 
al. (15) were able to terminate only 26% of AF 
episodes induced by talc-induced pericarditis in dog. 
The electrode used included both anode and cathode 
on the same catheter. Using a similar catheter in hu
mans, Nathan et al. (16) were not successful in termi
nating AF and obtained better results with atrial flut
ter. In contrast, using the technique of Levy et al. (12), 
Kumagai et al. (17) were able to terminate 81 episodes 
of AF in dogs with talc-induced pericarditis using 
shocks of 5 J or less. In 57 attempts (70%), shocks of 1 
J or less resulted in successful cardioversion. Recently, 
Cooper et al. (18) studied different electrode configu
rations and found that delivering a shock between one 
catheter in the right atrium and the other in the coro
nary sinus and using a biphasic waveform in a sheep 
model of AF resulted in successful defibrillation with 
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energies ranging from 1 to 7 J. In 50% of the episodes, 
successful cardioversion was obtained, with energies of 
1.3 ± 0.4 J. The question arises as to whether these re
sults can be extrapolated to AF in humans with areas 
of atrial fibrosis and underlying heart disease in 80% 
of cases. In 16 patients with flutter fibrillation, Kean et 
al. (19) reported successful cardioversion in 15 patients 
with energies less than 7 J. In two patients, termination 
of atrial flutter was obtained with an energy level less 
than 1 J. In six patients with inducible sustained AF, 
Johnson et al. (20) compared a 6-ms monophasic with 
a 3/3-ms biphasic truncated waveform. Biphasic shocks 
resulted in lower defibrillation thresholds (2.5 ± 1.4 
versus 4.7 ± 3.1 J). Murgatroyd et al. (21) attempted 
cardioversion with two electrodes (coronary sinus and 
right atrium) in eight patients with sustained AF and 
were successful using a mean energy of 2.2 J (range, 
0.7 - 3.4 J). Furthermore, they found that shocks of 
less than 1 J were well tolerated. This is important, 
since discomfort due to shock is acceptable for a malig
nant ventricular arrhythmia often associated with hy
potension and syncope, but may not be tolerated for a 
supraventricular arrhythmia, which is usually not life
threatening. Alt et al. (22) compared 14 patients with 
chronic AF and dilated left atrium and were able to 
successfully cardiovert using a mean energy of 3.7 ± 1.7 
J. The XAD study on internal cardioversion of atrial 
fibrillation using an external atrial defibrillator in a 
multicenter trial with 123 patients showed that is it 
possible to successfully defibrillate the atria with an 
energy level of less than 2:5 J in 75% or more of cases. 
Not surprisingly, the energy needed for paroxysmal 
spontaneous or induced atrial fibrillation was signifi
cantly lower than that required for chronic atrial defib
rillation. 

Safety of an Automatic Implantable Atrial 
Defibrillator 

A major concern with an lAD is safety, i.e., the poten
tial risk of inducing ventricular tachycardia or fibrilla
tion when delivering a shock to convert AF. Obvious
ly, the shock delivered to the right atrium should be 
synchronized to the ventricular electrogram recorded 
through an electrode positioned in the right ventricle. 
Such an electrode catheter may also be useful for pac
ing the ventricles in the case of shock-related brady
cardia (asystole or A V block). Dunbar et al. (15) re
ported an incidence of ventricular fibrillation ranging 
from 2% - 6.5% in dogs following shocks (0.1 - 5 J) 
delivered in the right atrium. As already mentioned, 
this may be due to the electrode configuration they 
used, as Kumagai et al. (17) did not observe such a 
complication. Ayers et al. (23) addressed this issue in 
an elegant study in sheep. They observed 11 episodes 
of ventricular fibrillation in a total of 1870 shocks de
livered and evaluated the conditions favoring such 
ventricular pro arrhythmic effects. They found that the 
cycle length preceding R wave-synchronized shock de
livery played a role, because no episodes of ventricular 
fibrillation occurred after a cycle length of more than 
300 ms. Such a study may contribute toward reducing 
the risk of ventricular pro arrhythmia. One way to treat 



such a potential risk would be to combine the lAD 
with an implantable cardioverter defibrillator (lCD), 
the latter delivering a shock to the ventricles in the 
case of ventricular fibrillation following an attempt to 
convert AF. Ongoing studies on atrial defibrillation in 
a large number of patients with AF, with or without 
underlying heart disease, will determine the incidence 
of ventricular pro arrhythmia. Preliminary results in 
humans so far have not shown any ventricular proar
rhythmic events. To be acceptable, the risk should cer
tainly be very low (less than 0.1 %). However, it should 
also be taken into account that the use of antiarrhyth
mic agents is associated with ventricular proarrhyth
mia. A useful step in the develpment of an lAD and in 
the evaluation of its safety and efficacy might be a 
physician-activated device. 

A further issue relates to the tolerance of shocks. 
Our experience in nonsedated patients showed a wide 
individual variability in the tolerance of shocks. This 
issue remains to be studied in a systematic fashion. 
Pain may turn out to be less of a problem in real life 
than in the laboratory, where the patient is very anx
ious. 

An automatic atrial defibrillator is already avail
able (Metrix system), and clinical trials are about to 
start. The first step should be to study the detection 
and the termination of AF using such an implanted de
vice activated by the physician. Such a trial is essential 
to define the safety of atrial defibrillation before using 
the automatic mode. Thus atrial defibrillator is no 
longer merely a dream, but is now a real prospect, and 
clinical trials are needed. 
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Atrial flutter (AF), a common rhythm disturbance, 
was first described several decades ago (1). Despite ex
tensive investigation, several important issues remain 
unresolved concerning its mechanism and its manage
ment. Indeed, for greater clarity, it should be recalled 
that this term mainly covers the common form (still 
called type I flutter), defined as an atrial tachycardia 
with a constant rate, polarity, and morphology of local
ly recorded electrograms. A "saw tooth" pattern (in
verted P waves) is present in the inferior leads on the 
electrocardiogram. The morphological criterion is ac
tually prevalent, the diagnosis of flutter being compati
ble with atrial frequencies higher than 300/min, or low
er between 200 and 250/min. Type II AF is character
ized by a similar uniformity of the atrial electrogram 
appearance, but the rate is faster. While both are likely 
due to a reentrant mechanism, type I AF can often be 
stopped by rapid atrial pacing or can be transformed to 
type II AF (2-5). 

Present therapeutic strategies often appear effec
tive in preventing and terminating AF; however, con
trolled trials and definitive studies comparing the vari
ous treatment options are surprisingly scarce. While 
antiarrhythmic drugs continue to be used to prevent 
recurrent AF, little data prove the efficacy of these 
drugs, their mechanism of action, or their safety. 

Experimental and clinical approaches to this ar
rhythmia have brought about evidence for a macro
reentrant mechanism in the right atrium (3,5-16). This 
has led to the use of catheter ablation as a mode of 
treatment for drug refractory AF (17-19). 

Basic Concepts 

The Circular Activation of the Right Atrium 

Experimental models of AF can have an anatomical or 
functional basis, or a combination of both. In Rosen
blueth's "tricuspid ring" model, dependent on a large, 
purely anatomical obstacle in the posterior right atrial 
wall, another lesion ablating all myocardium between 
the central obstacle and the tricuspid ring would make 
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reentry impossible (20). However, in Allessie's model, 
under vagal stimulation, reentry is based mainly on 
functional changes and can appear almost anywhere in 
either atrium; therefore no simple ablative interven
tion can prevent it. 

A third AF model is based on a combination of an 
anatomical obstacle (typically the superior vena cava 
or inferior vena cava) and adjacent areas of slow con
duction and/or functional block. This type of reentry 
best resembles common human AF circuits, and it may 
be amenable to ablative interruption if there is a 
strong enough anatomical dependence (8-11, 13-16). 

Puech in 1970 (2) and Chauvin in 1983 (8) used en
docardial mapping to localize most human AF circuits 
to the right atrium. Most recently, Cosio has confirmed 
these findings and defined in more detailed the 
anatomical and functional bases of AF circuits (4-6, 17, 
21-23). By sequential endocardial mapping, the author 
found circular activation patterns in the right atrium 
(RA) in all cases of common AF and in some AF with 
positive or low voltage waves. In common AF, the sep
tum is activated caudocranially, the anterolateral RA 
craniocaudally (counterclockwise rotation in the 
frontal plane), and the circuit is closed through the rel
atively narrow isthmus between inferior vena cava 
(IVC) and the tricuspid valve (T). This isthmus is lo
cated on the anterior (ventral) side of the RA caudal 
end. The coronary sinus is activated from right to left, 
suggesting passive activation from the RA (Fig. 1). 

Abnormal electrograms, suggestive of abnormal 
conduction, are recorded from different areas of the 
RA during AF, and some of them, located within the 
circuit, may be important in the reentry mechanism. 
Double-spike electrograms are constantly recorded 
along a line in the posterolateral RA; a likely explana
tion of these findings is that anisotropic conduction in 
the posterior internodal pathway (crista terminalis) 
creates a functional barrier between the posterior and 
lateral RA walls which, added to the IVC opening, 
constitutes a large enough central obstacle to sustain 
reentrant activation (5, 17,22,24-26). 

Fragmented or double-spike electro grams are also 
recorded reproducibly from the low and midpos-
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Fig. 1. Multiple simultaneous recordings in common flutter. From 
top to bottom: lead II, right atrial electrograms from high anterolat
eral (HAL), midanterolateral (MAL), low anterolateral (MPL), low 
posteroseptal (LPS), midposteroseptal (MPS), and high posterosep
tal (HPS) areas, midcoronary sinus (MCS), and distal coronary sinus 
(DCS). Note the general trend of craniocaudal activation on the an
terolateral right atrial wall and caudocranial activation on the pos
teroseptal wall. The MPL electrogram inscribes two spikes, one of 
which is close in time to the LAL electrogram, while the other is 
close to the MPS electrogram. Wide fragmented electro grams are 
recorded at LPS and MPS, suggesting local conduction delay (54) 

teroseptal RA in the area of Kock's triangle. Fragmen
tation in this area is more likely a marker of local slow 
conduction, because electrogram duration fills the gap 
between activation of the more medial part of the IVC 
- TV isthmus and the activation of the midseptum. 

This may be the location of the slow conduction 
zone; detailed intraoperative mapping of this area has 
shown very slow conduction from the IVC-TV isthmus 
toward the dorsal and cranial RA on both sides of the 
coronary sinus ostium (7, 27, 28). This local slow con
duction would tend to support reentry by enlarging the 
excitable gap in the circuit. The cause of conduction 
slowing is unclear, but again it may be related to 
anisotropy, as internodal pathways converge in this 
area from several directions (29-33). 

In fact, it is most probable that AF is related to the 
architecture of the RA. This cavity includes the ori
fices of the superior and inferior venae cavae as well as 
the fossa ovalis, which constitute obstacles to the pro
gression of the excitation wave. Conduction within the 
RA is confined to three muscular columns linking the 
sinus node to the atrioventricular node: the crista ter
minalis and two internodal patways in the septum sep
arated by the fossa ovalis. The endocardial depolariza
tion splits into three main currents converging around 
the atrioventricular node. There is the potential 
anatomical basis for the creation of a circus movement. 
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However, the presence of a slow conduction area must 
be postulated in any structure able to develop a reen
trant activity (Fig. 2) (16). 

AF of the common type thus seems dependent on 
an abnormal excitation process of the RA, the partici
pation of the left atrium only being contingent. The 
data concerning type II flutter are still a subject of de
bate. They tend, however, to support a circus move
ment of clockwise rotation in the RA, with descending 
depolarization of the atrial septum as a possible mech
anism (4-6, 23). 

Entrainment and Reset 

The studies by Waldo et al. (34-36) in postoperative 
AF introduced the concept of entrainment of a reen
trant circuit and provided evidence that reentry is the 
basic mechanism of human AF. Pacing from the high 
RA increased the atrial rate to the pacing rate, but 
the F waves remained negative in the inferior ECG 
leads despite the "high" pacing site. After pacing in
terruption, the basic F rate was resumed immediately. 
As pacing rate increased progressively, the F wave 
morphology changed, becoming less negative. In 
some cases, when a critical rate was reached, F waves 
became positive, and pacing interruption led to the 
restoration of ' sinus rhythm. These observations were 
interpreted as the result of penetration of the pa<;ed 
activation front "orthodromically" and "antidromi
cally" in the AF circuit. In each paced cycle, collision 
would occur between the antidromically directed acti
vation and the orthodromic penetration of the previ
ous stimulus. As the pacing rate shortened, more an
tidromic penetration occurred, and progressive "fu
sion" between the orthodromic and the antidromic 
fronts changed the F morphology. Every time pacing 
was discontinued, the last orthodromic penetration 
would restart the AF circuit. A change to a positive P 
wave would mean that the AF cicuit was broken, atri-

Fig. 2. Typical activation map in common atrial flutter (AF). Both 
atria are shown in a schematic anterior wave from the atrioventric
ular rings. Shaded areas represent endocardium and white areas 
epicardium. The location of the venae cavae, coronary sinus, and 
pulmonary veins are shown. The septal, posterior, and lateral right 
atrium (RA) walls are represented on the endocardial side. The ac
tivation proceeds "down" the anterior wall and "up" the septum. 
An area of slow conduction is present in the low posteroseptal RA. 
The arrow shows the region of the inferior vena cava (rve) - tri
cuspid valve (T) isthmus. From (54) 



al activation then starting at the high RA pacing site 
(37-42). 

The actual events during entrainment have been 
documented in atrioventricular accessory pathway 
tachycardia and in AF in dog models. Orthodromic and 
antidromic penetration as well as progressive fusion 
have been confirmed, with collision at a different point 
for each entrainment rate. The increased rate during 
entrainment modifies the properties of the circuit, 
mainly in terms of conduction velocity. Slow conduc
tion may develop in different parts of the AF circuit 
due to a faster driving rate and may progress to block 
of both the antidromic and orthodromic fronts, result
ing in AF interruption. Entrainment can be conceived 
as a continuous resetting of the AF cycle by regularly 
spaced stimuli. Resetting by a single stimulus produces 
the same sequence changes as entrainment, supporting 
the presence of a large circular activation pathway, al
though without precisely defining its limits (40). 

Clinical Approach to the Patient 

Despite the interest in the mechanism of AF and the 
relative frequency of its occurrence, surprisingly few 
definitive long-term, controlled trials have addressed 
management of those patients with only AF while ex
cluding patients with atrial fibrillation. 

AF is usually symptomatic. The most common 
symptoms are palpitations, but AF can also cause hy
potension, angina, or heart failure. The symptoms de
pend on the underlying heart disease and on the ven
tricular rate. 

Treatment of AF is not mandatory in the asympto
matic patient with a controlled ventricular response 
rate, as it is unlikely to alter the long-term prognosis. 
Unfortunately, an asymtomatic patient is rare to find. 
In contrast, treatment with IC antiarrhythmic drugs 
may accelerate the ventricular rate during AF, while 
paradoxically slowing the atrial rate, ultimately wors
ening symptoms. Other adverse effects of antiarrhyth
mic drug therapy must be considered. Several clinical 
issues in the management of patients with AF are 
worth addressing. These includes the following: 
1. Etiology and types of AF 
2. Ventricular rate control during AF 
3. Long-term pharmacologic management in patients 
with AF 
4. Nonpharmacologic therapy 

Pharmacological Management 

Although generally not life-threatening, AF is usually 
associated with symptoms that can be severe. AF can 
cause hemodynamic impairment in some patients, es
pecially in those with impaired ventricular function. In 
the pediatric age-group, AF can be life-threatening if 
concomitant congenital heart disease is present. In 
such patients, the atrial contribution to cardiac output 
may be critical. Compared to atrial fibrillation, few 
randomized, prospective studies demonstrate the utili
ty of antiarrhythmic drug therapy to terminate and to 
prevent AF. There is not a drug presently available 
that will terminate human AF reliably (an important 
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difference between the animal models of AF and 
man). The most effective approach to stop human AF 
is a nonpharmacologic approach (endocardial or trans
esophageal rapid atrial pacing and/or synchronized 
cardioversion) (43). In certain patients subgroups, such 
as those with postoperative AF, it appears worthwhile 
to use ~-adrenergic blockers to stop and prevent AF or 
class I antiarrhythmic drugs (44). 

~-Adrenergic blockers are particularly useful in 
patients with AF following cardiac surgery (45). Amio
darone has also been used in patients postoperatively, 
but it is not clear whether it is more effective than oth
er drugs for AF. Antiarrhythmic drugs can help aid 
termination of AF by atrial pacing (46). 

However, few data show that patients benefit 
long-term from antiarrhythmic drug therapy for AF 
(most data combine AF with fibrillation), and few data 
are available to indicate how long antiarrhythmic ther
apy is necessary or effective. While antiarrhythmic 
drugs may be effective, adverse drug effects worse 
than the AF itself are common. In addition, these 
drugs may trigger other more life-threatening arrhyth
mias and increase the risk of sudden death. Encainide 
and flecainide have been shown to do this in patients 
with coronary artery disease and asymptomatic ven
tricular ectopy. In addition, there may be a higher 
death rate in patients with atrial fibrillation who take 
quinidine, although the data are not conclusive. 

Nevertheless, for patients with recurrent AF, espe
cially when symptomatic, chronic antiarrhythmic drug 
therapy is effective to prevent arrhythmia recurrence 
and may be recommended. Several drugs are available, 
but their comparative efficacy is unknown. ~-Adrener
gic blockers - especially sotalol - are particularly use
ful in preventing paroxysmal AF. Amiodarone is also 
an effective drug, but several important side effects 
preclude its use as a first-line drug. Not only can amio
darone terminate and prevent AF, but it can also 
maintain a slower ventricular response rate to AF due 
to its atrioventricular nodal blocking effect. 

Direct Radiofrequency Catheter Ablation of the 
AF Circuit 

As previously described, the reproducible configura
tion of common flutter circuits in patients with and 
without different types of cardiac disease suggests a 
strong dependence on RA anatomy. This would refer 
to the "holes" made by the veins and to the myocardial 
arrangement in bundles (internodal tracts) with its im
portant effects on conduction. This anatomical 
arrangement might be the reason for the tendency to 
develop the same type of reentry circuit in many dif
ferent disease processes. 

The IVC - T isthmus closes the caudal end of cir
cuit. Thus this narrow isthmus appears to be an opti
mal target for ablation to interrupt common AF (17). 
The apparent anatomical dependence of the AF circuit 
also suggests that ablation of this area could also pre
vent recurrences. Technically speaking, the IVC - T 
isthmus is easily accessible, of small width, and located 
far from the atrioventricular node. 

To interrupt the circuit permanently, the difficult 



aim would be the production of a continuous line of 
necrosis cutting across the IYC-T isthmus, from the T 
ring to the lYe. 

It is possible to interrupt the circuit permanently, 
delivering radiofrequency (RF) energy to other 
anatomical sites (isthmus between the IYC and the 
coronary sinus and isthmus between T and the coro
nary sinus)(anatomical criterion, see Table 1) (47-
52). 

In 1992, Feld et al. (53) reported that RF energy 
applied to a discrete area in the low posteroseptal RA 
can terminate AF and prevent its immediate reinduc
tion by programmed stimulation. RF ablation was suc
cessful at sites demonstrating earliest activation with a 
discrete electrogram and an exact entrainment pace 
map with a relatively short stimulus-to-P wave interval 
of 20-40 ms, suggesting that these sites were at the exit 
from the area of slow conduction (electrophysiological 
criterion; see Table 1). 

Our Experience (51,52) 

Sixteen patients (mean age, 59±13 years) with sympto
matic, recurrent type I AF (mean cycle, 238±39 ms, re
sistant to 2-4 antiarrhythmic drugs, underwent endo
cardial mapping of RA and RF catheter ablation. The 
underlying heart disease was: mitral valve prolapse (n 
= 3), valvular heart disease (n = 3), dilated cardiomy
opathy (n = 2), ischemic heart disease (n = 1) and re
strictive cardiomyopathy (n = 1). Six patients had a 
normal heart. Target sites for RF energy delivery were 
identified by recording fragmented atriograms, by acti
vation time, and by entrainment pace mapping in 10 
patients (group 1); in 6 patients RF was applied to the 
IYC - T isthmus (group 2). 

We applied a mean of 18±7 RF impulses (10-30 
W for 5-20 s) by means of the distal electrode of a 
four-polar lead with a thermocouple for temperature 
recording, used in unipolar configuration. In group 
1, sinus rhythm was restored in 4110 patients (40%), 
in group 2, in 5/6 patients (83 %) (Fig. 3). Modula
tion of atrioventricular nodal conduction was per
formed in six patients. The long-term results (follow
up, 4-58 months; mean, 19±9 months) are shown in 
Table 2. 

Table 1. Radiofrequency ablation studies 

Reference Patients Target 
(n) 

(51) 
16 IVC-T IEPS 

(52) 
(53) 12 EPS 
(17) 9 IVC-T 
(49) 9 IVC-T 
(55) 8 IVC-T 1 T-CS 
(56) 6 IVC-TIT-CS 
(57) 16 EPS 

Table 2. Follow-up (19±9 months) 

Patients Sinus rhythm AF Atrial 
restored (paroxysmal) fibrillation 

(n) (n) (%) (n) (%) (n) (%) 

Group 1 10 4 40 4 40 2 20 
Group 2 6 5 83 2 33 1 16 

AF, atrial flutter 

Fig. 3. Interruption of atrial flutter (AF) 20 s after radiofrequency 
(RF) application at the inferior vena cava - tricuspid valve (IVe -
T) isthmus. 

Conclusions 

These few studies have shown that RF catheter abla
tion may have a role in the treatment of drug-resistant 
AF without the need for nodal ablation and a perma
nent pacemaker. However, RF ablation still puts the 
following problems. The success of this approach is re
lated to atrial mapping and careful identification of the 
critical slow conduction area by well-trained staff. 
Clearly, there are many questions that remain to be 
answered about the nature of the reentrant circuit in 
AF. While it seems clear that most flutter involves 
reentry in the RA, we are still only beginning to clearly 
understand the nature of AF. Although the careful 
studies, such as those by Cosio et al. (54), are extreme
ly helpful, improvements in recording techniques and 
the ability to study AF intraoperatively in patients us-

Recurrences Follow-up 
(n) (months) 

9/16 5-48 

10/12 5 weeks 
3/9 3-18 
4/9 1-10 
6/8 12 
3/6 7.5 
9/16 4-10 

(50) 70 IVC-TIT -CS I IVC-CS 37170 1-24 
(58) 40 IVC-T 1 T-CS 25/40 9.8 
(59) 20 NR 16/20 5.3 
(60) 14 T-CS 1 CS-LRA 9114 1-17 

IVC-T, isthmus between inferior vena cava (IVe) and tricuspid valve; T -CS, isthmus between tricuspid valve and coronary sinus; IVC-CS, 
isthmus between inferior vena cava and coronary sinus; EPS, electrophysiologic criterion; NR, not reported 
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ing simultaneous multisite mapping tecnhiques are still 
needed to provide more accurate data on the nature of 
AF reentrant circuits. Hopefully, we will then be able 
to answer the many questions that remain: where is the 
precise location of the reentrant circuit of AF in pa
tients? Does it always involve reentrant excitation in 
part or in full around an anatomical obstacle? Can the 
obstacle be entirely functional? Is there a relationship 
between the so-called slow pathway of atrioventricular 
nodal reentrant tachycardia and an area of slow con
duction posteroinferior in the RA in AF? 

Finally, a longer follow-up period will clearly be 
required to confirm that this form of therapy is an ef
fective alternative to currently available treatment, be
cause late recurrence of new AF morphologies or atri
al fibrillation may limit its usefulness. 
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