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Introduction

In 1967 programmed electrical stimulation of the heart was introduced into
clinical cardiology (1,2) and revolutionized our methods of diagnosis and
treatment of cardiac arrhythmias (3). It not only resulted in the ability to localize
the site of origin of an arrhythmia but also in better understanding of arrhythmia
mechanisms and the development of new treatment modalities like antitachycar-
dia pacing and the surgical or electrical ablation of the tachycardia focus or
pathway. It is of interest that 25 years later, we are still expanding our knowledge
about the diagnosis and treatment of the tachycardias. This is reflected in the
contents of this thesis which discusses new information on supraventricular and
ventricular arrhythmias.

The first part of our study is devoted to patients suffering from supraventricular
arrhythmias and the second part reports on new findings in ventricular arrhyth-
mias.

Supraventricular tachycardias may originate in the atrium, in the atrioventricular
junction, or they may be based upon the incorporation in the tachycardia circuit
of both atrium and ventricle because of the presence of an accessory atrioventri-
cular connection next to the AV node- His pathway. Accessory connections may
also be present between the AV node and the ventricle (nodo-ventricular con-
nections) (4) or between the bundle of His and the ventricles (fasciculo-ventri-
cular connections) (5).

Based on their site of origin the following supraventricular tachycardias can
be observed: atrial tachycardia, atrial flutter, atrial fibrillation, atrioventricular
nodal reentrant tachycardia and circusmovement tachycardia utilizing an acces-
sory connection.

It is of interest that little is known about age at onset of tachycardia and gender
of these different types of supraventricular tachycardias.
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This was therefore studied (and reported in C/w/tfer 2) in a large series of
patients with atrial tachycardia, AV nodal tachycardia and tachycardias in the
presence of an accessory atrio-ventricular pathway.

An accessory atrioventricular connection is frequently capable of conduction
in both the atrio-ventricular and ventriculo-atrial direction. Paroxysmal supra-
ventricular tachycardia due to reentry circus movement tachycardia may occur
in these patients in orthodromic or antidromic direction. Orthodromic circus-
movement tachycardia uses the AV conduction system in anterograde direction
and the accessory atrioventricular connection in a retrograde (ventriculo-atrial)
way. Antidromic circusmovement tachycardia utilizes the accessory atrioventri-
cular connection in anterograde direction and the AV conduction system or a
second accessory connection in retrograde direction. However, it is not uncom-
mon that accessory atrioventricular connections exhibit only retrograde conduc-
tion from ventricle to atrium (a so called concealed atrioventricular connection).
In these patients the electrocardiogram in sinus rhythm does not show preexcita-
tion.

In patients suffering from tachycardias in the presence of an accessory
atrio-ventricular pathway treatment may consist of antiarrhythmic drug therapy
or the interruption of the extraconnection by surgical or electrical ablation (6,7).
In recent years the introduction of radiofrequency ablation opened a new way
for definitive cure of arrhythmias based on the presence of an accessory atrio-
ventricular pathway (8,9). This necessitates careful localization of the accessory
pathways.

The accessory atrioventricular connections can be located at any site along the
atrioventricular junction (10). Several studies have been reported on the value
of the 12-lead electrocardiogram in localizing these pathways (11-14). Recently,
special attention has been given to those accessory atrioventricular connections
arising in the septal area (15,16).

In C/uzpter 3, the value of the 12-lead ECG in differentiating accessory
atrio-ventricular connections located in the mid-septal, right free wall, true
posteroseptal and anteroseptal areas are discussed.

As pointed out radiofrequency catheter ablation has revolutionized the treat-
ment of supraventricular tachycardias using accessory pathways.

C/wpter 4 reports on the use of radiofrequency current catheter ablation in a
patient with multiple accessory atrio-ventricular connections.

Most patients with atrial fibrillation have some underlying cardiac, or
humoro-endocrinologic abnormality but the arrhythmia can also occur as an
independent arrhythmic entity, so called "lone atrial fibrillation" (17). The
occurrence of a high ventricular rate and loss of atrial contribution to ventricular
filling during atrial fibrillation may not only lead to the unpleasant sensation of
palpitations and dizziness but also to cardiac dilatation and congestive failure
even in the absence of an underlying cardiovascular abnormality. In CAapter 5
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we describe how in patients with long-standing lone atrial fibrillation, left
ventricular function and left sided dimensions are affected by the arrhythmia and
discuss the consequences of ventricular rate control by ablation of the atrio-
ventricular junction and the insertion of a physiologic rate-responsive pace-
maker.

In the second part of this thesis we report on some clinically applicable
methods to identify risk of developing a life-threatening ventricular arrhythmia
after a myocardial infarction. In addition, we will analyze risk factors in patients
who have already suffered from a life-threatening ventricular-arrhythmia late
after myocardial infarction to recognize their susceptibility to recurrent episodes
of life-threatening ventricular arrhythmias or sudden death.

In spite of enormous efforts made both at the basic and clinical level to decrease
morbidity and mortality of coronary heart disease, sudden cardiac death (SCD)
remains one of the major causes of mortality in the Western world. Over the past
two decades, there have been only limited advances in prevention of SCD. The
incidence of SCD is probably decreasing in parallel with an overall reduction in
cardiovascular mortality (18) and some progress has been made in the identifica-
tion of high risk individuals.

In patients surviving from an acute myocardial infarction, recognition of those
at high risk of developing ventricular tachycardia and sudden death is of obvious
importance. As listed in Table 1 several different non-invasive and invasive
methods have been advanced to perform such risk stratification.

Table 1. Risk stratification after a myocardial infarction

1. Pumpfunction: Exercise duration
LVEF

2. Ischemia: Exercise Testing
Holter

3. Arrhythmias: Signal averaged ECG Holter
duration

QT-Interval
I disparity

Exercise Testing
Programmed electrical stimulation

4. Neurohumoral: Heart rate variability
Baroreflex sensitivity
Psycho-social factors

Abbreviations: ECG = electrocardiogram, LVEF = left ventricular ejection fraction
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In the absence of new ischemia spontaneous ventricular tachyarrhythmias
occurring late (> 3 days) after myocardial infarction arise from areas of myocar-
dium with slow conduction. These areas can be recorded either directly from the
heart by cardiac mapping or by a signal-averaging electrocardiogram technique
(19,20). It is accepted that delayed and fractionated potentials occurring after the
QRS complex ("so called late potentials") recorded by signal-averaging techni-
ques reflect slow conduction in scarred myocardium in patients with an old
myocardial infarction. Their presence has been considered a marker for risk of
developing life-threatening ventricular arrhythmias. In most of the studies,
recordings have been obtained at varying time intervals after acute myocardial
infarction (21,22). In order to obtain insight into the most appropriate time of
recording this signal, signal averaged electrocardiograms were obtained at three
time intervals after myocardial infarction. C/wpter 6 discusses the time course
and prognostic significance of these serial recordings.

Ventricular tachycardia and ventricular fibrillation are in 75% of cases as-
sociated with ischémie heart disease. In the remaining patients cardiomyopathy,
valvular heart disease, right ventricular dysplasia, and long QT syndrome are
among the underlying cardiac causes. Ventricular tachycardia or ventricular
fibrillation may also occur in the absence of any other cardiac abnormality and
is then called idiopathic.

Previous reports (23,24) have indicated that the value of a sustained ventri-
cular tachycardia or ventricular fibrillation as a prognostic indicator for cardiac
death is different in patients with an old myocardial infarction as compared to
the patients with arrhythmogenic right ventricular dysplasia or without heart
disease.

In patients with a sustained ventricular tachycardia, it would be important
therefore if the 12-lead electrocardiogram during ventricular tachycardia could
be of help to identify the possible etiology (25). Chapter 7 discusses specific
electrocardiographic features helpful in the differentiation between ventricular
tachycardias originating from infarcted tissue (post-infarction ventricular tachy-
cardia) and those with another etiology (non-ischemic ventricular tachycardia)
such as arrhythmogenic right ventricular dysplasia, idiopathic ventricular tachy-
cardia and preexcited tachycardia.

An important question in patients with sustained ventricular tachycardia late
after a myocardial infarction is how to discriminate between patients at low and
at high risk of developing a recurrence of their arrhythmia. For this purpose a
prognostic index was developed based upon the careful evaluation of several
parameters like the clinical history, the electrocardiogram, left ventricular func-
tion, coronary anatomy etc (26-29). This index discussed in C/wpter S was
retrospectively developed using information from Maastricht patients and there-
after prospectively tested in a group of patients from Heidelberg. C/iapter 9,
discusses the incidence and timing of recurrences of sudden death and ventri-
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cular tachycardia after a myocardial infarction. It also analyzes the importance
of the type of the first arrhythmic event (ventricular tachycardia or ventricular
fibrillation) and the left ventricular ejection fraction in predicting subsequent
arrhythmic events (recurrent ventricular tachycardia or sudden death).

In patients with symptomatic ventricular tachyarrhythmias after a myocardial
infarction selection of the appropriate antiarrhythmic therapy remains a problem
(33). It is also not clear how to evaluate the protective effect of amiodarone, the
most potent antiarrhythmic drug currently available (34-44). Chapter Z0 ex-
amines the value of programmed electrical stimulation of the heart in predicting
sudden death in patients receiving amiodarone because of serious ventricular
tachyarrhythmias after a myocardial infarction.
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Age at onset and gender of patients
suffering from different types of
supraventricular tachycardias

Sex differences between certain types of arrhythmias have been reported. For
example the Wolff-Parkinson-White syndrome is more common in males than
females ( 1 ). Atrioventricular (AV) nodal tachycardia has been observed to occur
more frequently in females (2). Little is known about the age at onset of different
types of supraventricular tachycardias.

The purpose of our study was 2 fold: 1) to obtain insight into a possible
relation between gender of the patients and type of supraventricular tachycardia
and, 2) to look for possible differences in age at the time of the first arrhythmic
event in relation to the type of arrhythmia. Three groups of patients were studied,
patients with atrial tachycardia, AV nodal tachycardia and patients suffering
from tachycardias in the presence of an accessory atrioventricular pathway.
Following an invasive electrophysiologic study (3), 623 consecutive patients
were selected because they suffered from atrial tachycardia, AV nodal tachycar-
dia and tachycardias in the presence of an accessory atrio-ventricular connec-
tion. After informed consent patients were studied from January 1979 to August
1991 for evaluation and treatment of their arrhythmia. Four hundred and nine
patients (66%) were found to have an accessory atrio-ventricular pathway. One
hundred and 65 patients (26%) had AV nodal tachycardia, and 49 patients (12%)
suffered from an atrial tachycardia. All patients were carefully questioned as to
their age at the time of their first tachycardia. The mean age at the time of
electrophysiologic study was: accessory pathways patients; 34 ± 14 (6-65)
years, AV nodal tachycardia patients; 42 ± 20, (7-71) years atrial tachycardia
patients 35 ± 19 (2-73) years. Anterogradely conducting accessory pathways
(Wolff-Parkinson-White syndrome) were present in 317/409 (77%). The re-
maining 92 patients (23%) had an accessory pathway only conducting in ventri-
culo-atrial direction (a so called "concealed" accessory pathway). Sixteen out of
these 92 patients had a concealed accessory pathway of the slow conducting type
(4). Three hundred and eighty nine out of 409 patients had a single (95%) and
20 patients more than one accessory pathway (5%). Eight patients were found
to have a left bundle branch block Mahaim type tachycardia during electro-
physiologic study. The AV nodal tachycardia was of the common (slow-fast)
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type in 160 patients (97%) and the uncommon (fast-slow) type in 5 patients
(3%). Atrial tachycardia was present in 49 patients. The arrhythmia was
paroxysmal in 30 (61%) and incessant in the remaining 19 patients (39%) (4).
Of 409 patients with accessory pathways, 180 patients had electrocardiographic
documentation of their arrhythmia prior to the electrophysiologic study. One
hundred and thirty patients had orthodromic circus movement tachycardia and
66 patients atrial fibrillation with only or predominantly preexcited QRS com-
plexes. Twelve patients were resuscitated from ventricular fibrillation (3%).
These findings indicate that some patients with an accessory pathway had
electrocardiographic documentation of more than one type of arrhythmia.

Continuous variables are expressed as mean + SD. Group of patients were
compared with the analysis of variance test. Statistical significance was assumed
for p values of < 0.05. Sex ratio was used to calculate the sex distribution in
arrhythmic groups.

Arrhythmias in patients with accessory pathways were more often observed in
males than females (273 (67%) vs 136 (33%) respectively; sex ratio Male/
Female: 2.00). In contrast AV nodal tachycardias were about twice as common
in females (113 (68%) women vs 52 (32%) men); sex ratio Men/Female: 0.46).
Atrial tachycardias occurred in similar proportions in males (23 (47%), and
females = 26 (53%).

Two hundred and eight spontaneous tachycardias were electrocardiographi-
cally documented in 180 patients with accessory pathways (1.16 per patient),
123 were males and 57 were females. Orthodromic circus movement tachycar-
dia occurred relatively more often in females (49 patients) than in males (81
patients), (Sex ratio M/F 1.65) (p < 0.001). Also atrial fibrillation and ventricular
fibrillation occurred more often in male than female patients, (atrial fibrillation
51 males and 15 females (Sex ratio M/F 3.4 (p = 0.06), ventricular fibrillation
11 males and 1 female (Sex ratio M/F 11.0)). Both differences did not reach
statistical significance. In three out of the 12 patients with ventricular fibrilla-
tion, that arrhythmia was the first arrhythmic event (Table 1,11).

As shown in Table III, arrhythmias in patients with accessory atrio-ventri-
cular pathways tend to occur at a younger age than atrial and AV nodal
tachycardia (Fig 1). It should also be noted that the first episode of a regular
supraventricular tachycardia may occur after middle age, although this is rare in
patients with accessory pathways.

Half of the patients with accessory pathways had their first tachycardia before
the age of 20 years. While circus movement tachycardia can occur for the first
time at a relatively advanced age, atrial fibrillation and ventricular fibrillation
occur relatively early in patients with an AV accessory pathway.(Fig 2)
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Table I. Gender of patients with supraventricular tachycardias

Type arrhythmia

Accessory pathways
AV nodal tachycardia
Atrial tachycardia

Table II. Gender of patients

Type of arrhythmia Gender

Sex ratio

Male

273
52
23

Female

136
113
26

M/F

2.00
0.46
0.88

in relation to different types of supraventricular tachycardias

Sex ratio

Males Females (M/F)

1 ) Atrial tachycardia
Paroxysmal
Incessant

2) AV Nodal tachycardia
Common type
Uncommon type

3) Accessory Pathways
Overt
Concealed

Slow
Fast

Circusmovement tachy
Atrial fibrillation
Ventricular fibrillation
LBBB Mahaim type tachy

12
11

51
0

211
62
12
49
81
51
11
6

18
8

109
5

106
30
4

27
49
15
1
2

0.66
1.37

0.47
0.00

1.99
1.96
3.00
1.92
1.65
3.4

11.0
3.00

Abbreviations: F = female, M = male, LBBB = left bundle branch block, Tachy = tachycardia

In our study, we observed that the first arrhythmic event occurred at a younger
age in patients with accessory pathways (overt and concealed) as compared to
patients with AV nodal tachycardia or atrial tachycardias. Half of the accessory
pathways patients had their first arrhythmic episode before they were 20 years
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Table III. Age at onset of first arrhythmic event in documented supraventricular tachycardias

Type of Tachycardia

Atrial tachycardia
AVN tachycardia

CMT
Accessory AF
pathway VF

Age

0-9

7
15
21
4
1

at onset

10-19

13
38
42
24
7

(years)

20-29

8
38
25
14
3

30-39

12
23
25
15
1

40-49

1
30
13
7
0

50-59

3
16
3
1
0

60-69

5
5
1
0
0

T

49
165
130
65
12

421

Abbreviations: AF = atrial fibrillation, AVN = AV nodal tachycardia, CMT = circus move-
ment tachycardia, T = total VF = ventricular fibrillation.

7 5 -

5 0 -

25-

WPW

CAP

AVNT

AT

to 20 30 40 SO 60 >70

YEARS

Figure 1: Graph showing the age at onset of
first arrhythmic event in patients with dif-
ferent supraventricular tachycardias: AT =
atrial tachycardia; AVNT = atrio-ventricular
nodal tachycardia; CAP = Concealed acces-
sory pathway; WPW = Wolff-Parkinson-
White syndrome.

%
100

CMT

AF

VF

10 20 30 40 60 70

YEARS

Figure 2: Age at onset of first arrhythmic
event in patients with accessory atrio-
ventricular pathways. AF = atrial fibrillation;
CMT = circus movement tachycardia; VF =
ventricular fibrillation.

old. We also observed that AV nodal tachycardia occurs more often in females,
whereas arrhythmias using accessory pathways were more often seen in males.
Although patients symptomatic because of an accessory pathway were more
frequently male, a circus movement tachycardia occurred relatively more often
in females than in males. In contrast atrial fibrillation and ventricular fibrillation
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was found more often in males than in females. Our observations were made in
patients referred to our institution for electrophysiologic study and treatment of
their tachycardia, therefore it may not reflect the natural history of
supraventricular tachycardia in the whole (in- and out of hospital) population.

The last finding was also reported by Torner et al (6).
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The 12-lead electrocardiogram in
mid-septal, anteroseptal, posteroseptal
and right free wall accessory pathways

Abstract

The 12 lead electrocardiogram of 50 patients with a single anterogradely con-
ducting accessory pathway was analyzed to obtain characteristics electrocar-
diographic findings in relation to mid-septal, anteroseptal, true posteroseptal and
right free wall accessory pathway location. Location was confirmed by surgery
(33 patients) or radiofrequency catheter ablation (17 patients). We analyzed: 1)
QRS and 2) delta wave axis in the frontal plane, 3) the angle between QRS and
delta wave axis, 4) the R/S ratio in lead III, 5) negativity of delta wave in inferior
leads, 6) the R/S ratio in jwecordial leads. Results*^ QRS .axis i r ihf* .fcnntal
plane in: right free wall: ranged from + 15° to -65° (-32 ± 19°); true posteroseptal:
ranged from +30° to -60° (-38 ± 22°); mid-septal: ranged from + 15° to +60° (+49
±11°); anteroseptal: ranged from 0° to +75° (+46 ± 22°); 2) delta wave axis:
right free wall: 0° to -60° (-32 ± 22°); true posteroseptal: 0° to -60° (-43 ± 18°);
mid-septal: 0° to +45° (+24 ± 15°) and anteroseptal: 0° to +60° (+45 ± 17°). 3)
QRS/ delta wave axis angle: right free wall: 7 ± 6°, true posteroseptal: 9 ± 7°,
mid-septal: 22 ± 6° and anteroseptal accessory pathways: 3 ± 5°; (p = 0.006). 4)
the R/S ratio lead III was < 1 in true posteroseptal and right free wall, > 1 in
anteroseptal and equal to 1 in mid-septal accessory pathways. 5) Delta negativity
in at least 2 inferior leads was observed in right free wall: 90%, in true
posteroseptal: 90%, in mid-septal; 0% and anteroseptal accessory pathways: 0%
(p < 0.0001). 6) The R/S ratio > 1 in V2 was: right free wall: 20%, true
posteroseptal: 100%, mid-septal: 12%, anteroseptal: 0% (p < 0.0001). Con-
clusions: Mid-septal and anteroseptal accessory pathways can be differentiated
from a right free wall and true posteroseptal location by the QRS axis and delta
wave polarity in inferior leads. Mid-septal can be distinguished from anterosep-
tal by the difference between the QRS and delta wave axis and the R/S ratio in
lead III. QRS/delta wave axis angle of > 20° and an R/S ratio equal to 1 in lead
III favor a mid-septal accessory pathway location



Introduction

Several authors have suggested criteria for the localization of accessory path-
ways using the 12-lead electrocardiogram (1-8). Most of these criteria are
developed to differentiate four principal location sites: right free wall, left free
wall, anteroseptal and posteroseptal. Little is known about the electrocardio-
graphic features of mid-septal accessory pathways (9,10). In view of the fact that
catheter ablation procedures enabling very localised tissue destruction have
become the treatment of choice in patients with accessory pathways suffering
from symptomatic arrhythmias, the precise localization of accessory pathways
has become of increasing importance. Therefore, this study examines electrocar-
diographic criteria to differentiate mid-septal accessory pathways from those
located in the right free wall, the posteroseptal and the anteroseptal areas.

Patients and Methods

In our institution 245 patients (May 1985 through May 1991) had surgical and
138 patients (May 1991 to December 1992) radiofrequency ablation of their
accessory atrio-ventricular pathway(s). Fifty patients with a single anterograde-
ly conducting accessory pathway are the subject of this study. There were 27
males and 23 females with a mean age of 29 ± 12 years ( 12-59 years). A medical
history, 12-lead electrocardiogram, and a 2-dimensional echocardiogram was
available in all patients. Location of the accessory pathway was obtained during
programmed electrical stimulation and confirmed during intraoperative map-
ping (33 patients) or by radiofrequency catheter ablation (17 patients). Surgical
(11) and radiofrequency catheter ablation techniques (12) for accessory path-
ways used in our institution have been described elsewhere. None of our patients
had additional congenital or acquired cardiac abnormalities which could have
affected the QRS morphology. All electrocardiograms showed a clear delta
wave with a combined delta-QRS width of at least 0.12 sec. The electrocar-
diograms were analyzed at a paper speed of 25 mm/sec by four independent
observers. The electrocardiographic data analyzed were: 1) QRS axis and 2)
delta wave axis in the frontal plane, 3) the angle between QRS and delta wave
axis, 4) the R/S ratio in lead HI, 5) the negativity of the delta wave in inferior
leads and 6) the R/S ratio in precordial leads. The accessory pathway distribution
was as follows: right free wall 10 patients (6 confirmed by surgery and 4 by
radiofrequency catheter ablation), true posteroseptal 20 patients (11 confirmed
by surgery and 9 by radiofrequency catheter ablation), mid-septal 9 patients
(confirmation by surgery 8 and radiofrequency catheter ablation 1) and antero-
septal = 11 patients (confirmed by surgery 8, by radiofrequency catheter ablation
3).
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AS

AO

RFW

TV
H

Figure 1 A: Cross-sectional diagram of the heart at the level of the atrio-ventricular
rings showing the location of different accessory pathways: Anteroseptal (AS),
Ao = Aorta, H = His bundle, P = Pulmonary artery. True posteroseptal (PS), right
free wall (RFW).

\

Figure IB: Scheme depicting the location of the triangle
of Koch (cross hatched area). Abbreviations: CS =
coronary sinus, TT = tendon of Todaro, TV = tricuspid
valve. • indicates the base and • the apex of the
triangle of Koch.
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Table 1. Electrocardiographic findings in right free wall, true posteroseptal, mid-septal and
anteroseptal accessory pathways

Patients

âQRS

â delta wave

fiQRS-â delta

R/S ratio lead III
> 1 in V2

Delta negativity:
U

m
aVF

RFW

10

+15 to-65°
-32+19°

0 to -60°
-32 ± 22°

0tol5°
7 ±6°

<1
20%

50%
90%
90%

PS

20

+30 to-60°

-38 ± 22°

0to-60°
-43 ±18°

0 to 20°

9±7°

<1
100%

50%
100%
90%

MS

9

+ 15 to+60°

+49 ±11°

0 to +45°
+24 ±15°

15 to 30°

22 ±6°

equal 1
12%

0%
22%
0%

AS p value

11

0 to +75°
+46 ± 22°

0 to +60°
+45 ±17°

0 to 10"

3 ± 5° = 0.006

> 1
0%

0%
0%
0%

Abbreviations: âQRS = , QRS axis, â delta = delta wave axis, âQRS-â delta = difference
between QRS axis and delta wave axis AS = anteroseptal, MS = mid-septal, PS = true
posteroseptal, RFW = right free wall.

Statistical analysis
Comparison between accessory pathway location groups were analyzed using
the 2- way analysis of variance and the Student Newman-Keuls test. The mean
are reported with the standard deviation. Statistical significance was assumed
for p values of < 0.05.

Definitions.
Location of the accessory pathways (Fig 1)
Right free wall: accessory pathways located in the area shown in figure 1.
7>ue pos/ercwep/a/: Accessory pathways located posterior and/or apical to the
os of the coronary sinus.
Anrerosgpto/.- Accessory pathways situated above the His bundle with
ventricular activation cephalad and anterior to the membranous septum.
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AS

Figure 2: Diagram illustrating the range of frontal plane QRS
axis in the different accessory pathway locations. AS =
anteroseptal, MS = mid-septal, PS = true posteroseptal, RFW
= right free wall.

RFW

+90
AS

Figure 3: Diagram showing the frontal plane axis of the delta
wave in the different accessory pathway locations. AS =
anteroseptal, MD- mid-septal, PS = true posteroseptal, RFW
= right free wall.
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p - ' Accessory pathways located in the area anterior of the coronary
sinus but below the His bundle (Fig IB)
Polarity of the delta wave.
The first 40 msec vector of the QRS complex was analyzed to obtain the polarity
of the delta wave. (3)

Results (Table 1)

1) QRS axis in the frontal plane. (Fig 2)
In right free wall accessory pathways: the QRS axis ranged from +15° to -65°
(mean -32 ± 19°). In true posteroseptal accessory pathways: +30° to -60° (mean
-38 ± 22°); Mid-septal accessory pathways: +15° to +60° (mean 49 ± 11°);
Anteroseptal accessory pathways: 0° to +75° (mean 46 ± 22°).

2) Delta wave axis in the frontal plane. (Fig 3)
In right free wall accessory pathways, the delta wave axis ranged from 0° to -60°
(mean -32 ± 22°). True posteroseptal accessory pathways also showed left axis
deviation of the delta wave (range 0° to -60°, mean -43 ± 18°). Mid-septal and
anteroseptal accessory pathways had a intermediate delta wave axis (range 0° to
+45° (mean 24 ± 15°) vs range 0° to +60° (mean 45 ± 17°) respectively).

3) The angle between the QRS and the delta wave axis.
The angle between the QRS and the delta wave axis measured in: right free wall:
0° to 15° (mean 7 ± 6°), true posteroseptal: 0° to 20° (mean 9 ± 7°), mid-septal:
15° to 30° (mean 22 ± 6°), anteroseptal accessory pathways: 0° to 10° (mean 3
±5°)(p = 0.006).

4) The R/S ratio in lead III.
Right free wall and true posteroseptal accessory pathway patients all had a R/S
ratio < 1 in lead III. In all anteroseptal accessory pathway patients the R/S ratio
in lead III was > 1. Seven out of 9 mid-septal accessory pathways patients had
a R/S ratio equal to 1 in lead III and in the remaining 2 patients the R/S ratio was
< 1. All 7 patients with a R/S ratio equal to 1 had their accessory pathway located
in the apical part of the triangle of Koch just below the bundle of His (Fig IB)

5) Delta negativity in inferior leads
Right free wall accessory pathways showed negative delta waves in all 3 inferior
leads in 5/10 patients (50%). The remaining 5 patients (50%) showed a negative
delta wave in 2 inferior leads (III and aVF). In true posteroseptal accessory
pathways lead III showed in all cases a negative delta wave (100%). This was
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Table 2. Electrocardiographs findings in mid-septal accessory pathways

No.patients

âQRS (range)

(mean)

â delta wave

Angle âQRS-â
delta wave

R/S ratio lead III

R/S ratio > 1 precordial leads
V2
V3
V4

Triangle of Koch

Apex

7

+30 to +60°

(+46 ±12°)

0 to +45°
(+24 ±19°)

15 to 30°
(22 ±13°)

equal to 1 (7/9)

5
2

Base

2

+15 and+25°

0 and +10°

10 and 15°

< 1 (2/9)

1
1

Abbreviations: See Table 1

the case in lead aVF in 18/20 patients; (90%). Lead II showed a negative delta
wave in 10/20 patients (50%). Therefore posteroseptal accessory pathways
presented negative delta waves in at least 2 inferior leads in 18/20 patients
(90%). Mid-septal accessory pathways usually showed positive delta waves in
inferior leads (7/9 patients; 75%). In the remaining 2 patients (25%), the polarity
of the delta wave was negative in lead III. All 11 patients with anteroseptal
accessory pathways showed positive delta waves in all inferior leads.

6) The R/S ratio in precordial leads.
Right free wall accessory pathways: All 10 patients showed a R/S ratio < 1 in
lead VI, 8/10 patients also in lead V2, and 4/10 patients also in lead V3. True
posteroseptal accessory pathways had an abrupt change to an R/S ratio > 1 in V2
(18/20 patients). Two patients showed a R/S ratio > 1 in lead VI. Mid-septal
accessory pathways: six out of 9 patients showed a change to a R/S ratio > 1 in
V3, in 2 patients in V4 and in 1 patient in V2. A R/S ratio > 1 was never found
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Table 3. Delta wave polarity in the 12 lead electrocardiogram of patients with mid-septal
accessory pathways

Triangle of Koch

Apex

Patients I H III aVR aVL aVF VI V2 V3 V4 V5 V6

2 + + + _ + + _ + + + + +
3 + + + _ + + _ + + + + +
4 + + + _ + + _ + + + + +

6 + + + _ + + _ _ + + + +

7 + + + - + + - - + + + +

Base

8
9

in VI. Anteroseptal accessory pathways showed a shift to a R/S ratio > 1 mainly
in V4 (9/11 patients), and less frequent in V3 (2 patients). It was never observed
in VI or V2.

Mid-septal accessory pathways (Table 3)

Of the 9 patients with a mid-septal accessory pathway, 7 patients had their
accessory pathway located just below the His bundle (the apex of Koch's
triangle) and in the remaining 2 patients the accessory pathway was situated in
the posterobasal part of the triangle of Koch (Fig IB).

The electrocardiographic characteristics of these 2 subgroups are shown in
Table 2.

Accessory pathways arising at the apex: The 7 patients with an accessory
pathway in the apex of Koch's triangle showed a QRS axis ranging from 30° to
60°; (mean +46 ± 12°), and a delta wave axis ranging from 0° to +45° (mean
+24 ± 19°). The angle between QRS and delta wave axis ranged from +15° to
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Figure 4: Twelve lead electrocardiogram
from a patient with a right free wall accessory
pathway. The QRS axis is -10°. There is a
concordant pattern between QRS and delta
wave axis. The R/S ratio in the precordial leads
becomes > 1 in V3.

Figure 5: Electrocardiogram from a
patient with a true posteroseptal accessory
pathway. The QRS and delta wave axis are
concordant, both -60°. The delta wave is
negative in all inferior leads. Abrupt
change to R/S ratio > 1 in lead V2.

+30°; mean +22 ± 13°. The R/S ratio in lead III was equal to 1 in all 7 patients.
The first precordial lead to show an R/S ratio > 1 was V3 in 5 patients and V4
in 2 patients.
Accessory pathways arising at the base: The 2 patients with an accessory
pathway located at the basal (posterior) part of the Koch's triangle, showed a
QRS axis of +15° and +25° and a delta wave axis of 0° and +10°. The angle



msec

Figure 6: Twelve lead electrocardiogram
of a patient with an accessory pathway in
the anteroseptal region. The QRS and
delta wave axis are concordant. The delta
wave is positive in all inferior leads. The
R/S ratio in lead III is > 1 and the R/S ratio
becomes > 1 in precordial lead V4.

Figure 7: Twelve lead electrocardiogram in a
patient with a mid-septal accessory pathway
located in the apical part of Koch's triangle.
The QRS axis is +30° whereas the delta wave
axis is +60°. The delta wave is positive in all
inferior leads. The R/S ratio in lead III is = 1
and the R/S ratio becomes > 1 in precordial
lead V4.
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Figure 8: Twelve lead electrocardiogram from a patient with a mid-septal accessory pathway
located in the posterior part of Koch's triangle. The QRS axis is +15°, the delta wave is 0°.
Note that the delta wave in inferior leads is positive in II and aVF but negative in lead III. The
R/S ratio in lead III is < 1 and the R/S ratio becomes > 1 in precordial lead V2.

Table 4. Electrocardiograph^ findings to differentiate right free wall, true posteroseptal,
mid-septal and anteroseptal accessory pathways.

l.âQRS
2. âDELTA

3. Angle âQRS-delta
4. R/S ratio lead III
5. Two inferior leads with

delta negativity
6. Change to R/S ratio > 1

in precordial leads

RFW

LA
LA

<10°
< 1
+

V3-V4

PS

LA
LA

<10°
< I
+

V2

MS

NA
NA

>20°
= 1

-

V3

AS

NA
NA

<5°
> 1
-

V3-V4

Abbreviations: âQRS = QRS axis, â delta = axis delta wave. Angle âQRS-â delta = angle
between QRS and delta wave axis. LA = left axis, NA = normal axis, + = present, — =
absence



between QRS and delta wave axis was 10° and 15°. The R/S ratio in lead III was
< 1. The change to an R/S ratio > 1 in the precordial leads occurred in lead V2
(one patient) or lead V3 (1 patient).

When both accessory pathway locations were compared, no differences were
found in QRS axis, delta wave axis in the frontal plane and the angle between
QRS and delta wave axis. The R/S ratio in lead HI was equal to 1 in those arising
at the apex of Koch's triangle and it was < 1 in those coming from the posterior
part of Koch's triangle.

Twelve lead electrocardiograms of the 4 locations are shown in figures 4 to 8.

Discussion

In the present study we found that in the presence of a sufficient amount of
ventricular preexcitation parameters as: the QRS and delta wave axis in the
frontal plane, the angle between delta and QRS axis in the frontal plane, the R/S
ratio in lead III, the number of inferior leads having negative delta waves, and
the transition to R/S >1 in the precordial leads can be of help for differentiating
accessory pathways located along the septum (anterior, mid and posterior) and
the right free wall of the heart.
The QRS and delta wave axis were in the same direction in right sided, true
posteroseptal and anteroseptal accessory pathways (Figs 4-6). In mid-septal
accessory pathways however both axes clearly showed a different direction
(Figs 7 and 8).

Ventricular excitation in the Wolff-Parkinson-White syndrome.
In right free wall preexcitation, the early right free wall forces (directed anterior-
ly) are predominantly resulting from excitation over the accessory pathway
resulting in unopposed dominance of the left free wall forces (directed posterior-
ly) leading to left axis deviation of the QRS complex. In posteroseptal accessory
pathways the right and left ventricle are activated in a postero-anterior direction
also giving left axis deviation of the QRS complex. The anteroseptal accessory
pathways activate the right and left ventricle in an antero-posterior direction
resulting in an intermediate QRS axis (13). Mid-septal accessory pathways
activate the ventricles in a complicated manner depending upon the location of
the accessory pathway in the mid-septal area.

Intraoperative mapping during preexcitation showed that the earliest epicar-
dial activation breakthrough occurs simultaneously at the base of the aorta and
at the crux in those accessory pathways located in the anterior part of the triangle
of Koch (below the His) and anteriorly to the base of the aorta in those accessory
pathways located at the posterior part of the triangle of Koch (9).
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The electrocardiographs recognition of mid-septal accessory pathways.
Our results show that the QRS and the delta wave axis, are very similar when
the accessory pathway is located in the apical or posterior part of Koch's
triangle. However the delta wave polarity in the inferior leads is helpful in
differentiating the 2 mid-septal accessory pathway locations. The polarity of the
delta wave in lead III was always positive in those accessory pathways arising
below the His bundle, whereas patients in whom the accessory pathway was
located at the posterior part of the Koch's triangle showed a negative delta wave
in lead III. Also, the R/S ratio in lead III was of help in the differentiation of
these 2 locations. It was equal to 1 in accessory pathways located in the anterior
part of the Koch's triangle, and it was < 1 in those arising in the posterior part
of the Koch's triangle. The precordial site of change to a R/S ratio > 1 was
similar in both types of mid-septal accessory pathways.

Differentiation of mid-septal from right free wall, true posteroseptal and
anteroseptal accessory pathways.
As shown in Table 4 we believe that mid-septal accessory pathways can be
differentiated from right free wall, true posteroseptal and anteroseptal accessory
pathways on the 12-lead ECG: 1) A normal QRS axis in the frontal plane
suggests a mid-septal or anteroseptal accessory pathway location, whereas a left
axis suggests either a right free wall or posteroseptal accessory pathway. 2) A
normal delta wave axis argues for a mid-septal or anteroseptal accessory path-
way, a left axis suggests a right free wall or a posteroseptal accessory pathway.
3) The angle between QRS and delta wave axis and the R/S ratio in lead III are
of help to differentiate a mid-septal from an anteroseptal accessory pathway. A
clear angle between the QRS and delta wave axis and an R/S ratio equal to 1
support a mid-septal localization 4) The presence of two or three inferior leads
showing negative delta waves favors a right free wall or posteroseptal accessory
pathway, whereas positive delta waves in all inferior leads suggest an anterosep-
tal accessory pathway. 5) The presence of a R/S ratio > 1 in precordial lead V2
strongly suggests a true posteroseptal accessory pathway.

Review of the literature

Epstein et al (9) reported 4 patients with "intermediate septal" accessory path-
ways. Three out of 4 patients had an accessory pathway located at the base and
1 at the apex of Koch's triangle. Patients with accessory pathways located at the
base of Koch's triangle showed a negative delta wave in lead III and an
equiphasic delta wave in lead aVF. In the patient who had an accessory pathway
situated at the apex of Koch's triangle, the delta wave was positive in lead in
and aVF.
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Our findings are in agreement with those reported by Epstein et al (9).
Recently, Scheinman et al (10) reported on the electrocardiographic and

electrophysiologic characteristics of anterior, mid-septal and right anterior free
wall accessory pathways. In their study (10) mid-septal could not be differen-
tiated from anteroseptal accessory pathways. A limitation of the study was that
only 11 out of 27 patients had a precise localization either by surgery or
radiofrequency catheter ablation with only 2 out of 6 mid-septal accessory
pathways with overt preexcitation having their location confirmed by surgery or
catheter ablation.

Limitations of our study

The relatively small group of patients studied remains one of the limitations of
our study. We also looked at the electrocardiogram during sinus rhythm. Al-
though a sufficient amount of ventricular preexcitation was assured (by requir-
ing a clear delta wave and a combined delta-QRS width of at least 0.12 sec) a
completely preexcited QRS complex as for example obtained during atrial
pacing probably would allow a more precise electrocardiographic differentiation
between accessory pathway locations.
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Radiofrequency catheter ablation of
three accessory pathways in a single
session

Abstract

A 19 year old patient is described having three accessory A-V pathways. All
three pathways were ablated using radiofrequency current in a single electro-
physiologic investigation.

Introduction

The presence of more than one accessory pathway in patients with the Wolff-
Parkinson-White (WPW) syndrome has been reported previously (1,2).

A higher prevalence of multiple pathways has been reported in patients with
Ebstein's anomaly (3), antidromic tachycardia (4) and ventricular fibrillation
(5,6).

Inability to recognize the presence of multiple accessory pathways during
electrophysiologic study is a common reason for failure of surgical (7) or
catheter ablation.

The following case report illustrates how important the detailed analysis of
the 2-lead ECG and the electrophysiologic study are to identify the presence of
multiple accessory pathways. It also shows that in such a patient using radiofre-
quency current catheter ablation cure can be obtained in a single session.

Case report

A 19 year old man suffered since he was 3 weeks old from monthly episodes of
supraventricular tachycardia lasting from minutes to hours (Fig 1A). He was
treated since childhood with several antiarrhythmic drugs including digitalis,
beta blocking agents, and calcium antagonists without success. Because of an
increase in tachycardia episodes the patient was referred to our hospital for
treatment of his arrhythmia. The physical examination was normal. The 12-lead



Figure 1: 12-lead ECG during sinus rhythm (panel B) and supraventricular
tachycardia (panel A).

ECG during sinus rhythm (Fig IB) showed a P-delta interval of 0.12 sec. with a
negative delta wave in leads III, aVF and VI suggestive for a right posteroseptal
accessory pathway (AP). The echocardiogram was normal.
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Figure 2: Initiation of an orthodromic circusmovement tachycardia by one atrial premature
beat given after 240 msec, during right atrial pacing at 600 msec. Abbreviations: Al- = atrial
electrogram during atrial pacing at 600 msec. A2 = atrial electrogram at a coupling interval
of 240 msec. A = atrial activation during orthodromic circusmovement tachycardia. CSD =
coronary sinus distal, CSP = coronary sinus proximal, H = His bundle electrogram, HRA =
high right atrium, V = ventricular electrogram, UNI 1,2,3,4, = coronary sinus unipolar
recordings from distal to proximal, (paper speed 100 mm/sec.)



Programmed electrical stimulation

After informed consent an electrophysiologic study was performed in the pos-
tabsortive, non-sedated state. Catheters were passed through both femoral veins
and positioned in the heart under fluoroscopy. This included quadripolar cathe-
ters in the high right atrium and coronary sinus, a bipolar catheter in the right
ventricular apex and a bipolar catheter in the His region. Methods for stimulation
and recording used in our laboratory have been described previously (8).

Results

During right atrial pacing at 600 msec an atrial premature beat given after 240
msec, initiated an orthodromic circus movement tachycardia. The earliest retro-
grade atrial activation was recorded in the distal coronary sinus (Fig 2). The
unipolar recordings from the coronary sinus showed bracketing with the shortest
V-A time (90 msec) measured in the second unipolar recording. This or-
thodromic tachycardia was the only tachycardia initiated during the study.

Three different preexcited QRS patterns
During incremental high right atrial pacing 3 different preexcited QRS patterns
could be observed (Fig 3). On the left side of the figure preexcited complexes
with negative delta waves in III, aVF and VI are present. This pattern is similar
to the resting ECG pattern. On decreasing the atrial pacing interval to 280 msec
(middle part of the figure) a second pattern emerged with a negative delta wave
in II, HI, aVF but positive delta waves in all precordial leads suggesting a left
posteroseptal AP. A further decrease in atrial pacing interval to 220 msec (right
part of figure 3) resulted in a third preexcited QRS pattern, with negative delta
waves in I and aVL and positive ones in III, aVF and all the precordial leads
indicating AV conduction over a left lateral AP.

It was obvious therefore that we were dealing with a patient having 3
anterogradely conducting AP demonstrated by 3 different QRS patterns during
atrial pacing. Only the left free wall AP was found to conduct retrogradely
during orthodromic tachycardia and ventricular pacing.

After discussion with the patient an attempt to ablate the different AP's by
radiofrequency (RF) was undertaken in the same session. We decided to ablate
first the left lateral AP because orthodromic tachycardia using the pathway
retrogradely seemed to be his clinical problem. A 7 F Mansfield-Webster
quadripolar ablation catheter with a 4 mm tip was introduced by way of the right
femoral artery into the left ventricle and positioned against the lateral part of the
mitral annulus facing the distal pole of the coronary sinus catheter. The shortest
V-A time recorded during orthodromic tachycardia on the ablation catheter was

47



Figure 3: 12-lead ECG recording during incremental high right atrial pacing showing 3
different preexcited QRS patterns (see text).

90 msec which equalled the V-A time in the distal coronary sinus (Fig 4). RF
application (40 W for 20 sec) terminated orthodromic tachycardia. This
tachycardia was no longer inducible thereafter. It was also observed that after
the ablation of the left lateral AP no V-A conduction was present during
ventricular pacing.

Atrial pacing at increasing rates was again performed showing persistence of
anterograde conduction over both the right and left posteroseptal AP followed
by 1 to 1 conduction over the AV node without any evidence of conduction over
the left lateral AP (Fig 5).
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Figure 4: Electrogram during orthodromic
circusmovement tachycardia showing a
shortest V-A time of 90 msec on the ablation
catheter which equals the V-A time in the
distal coronary sinus, (paper speed 100
mm/sec). Abbreviations: RFd = radiofre-
quency ablation catheter distal, RFp =
proximal.
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During sinus rhythm we started then from the left ventricle to apply RF energy
to the left posteroseptal AP. Three RF applications (of 40 W during 20 sec) were
needed to successfully ablate this second AP. Atrial pacing thereafter showed
that preexcitation occurred over the right posteroseptal pathway only.
The ablation catheter was then moved from the left to the right ventricle. After
mapping the right posterior area during sinus rhythm, RF ablation was at-
tempted. Transient disappearance of anterograde conduction over the AP was
noted after 4 applications (Fig 6). A total of 14 RF applications to this area were
necessary to completely interrupt conduction over the remaining AP (Fig 7).
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Figure 5: 12-lead ECG recording during atrial pacing at increasing rates after ablation of the
left lateral AP (see text).

Forty minutes after the last RF application a control stimulation protocol
showed absence of anterograde and retrograde conduction over an AP. AV
conduction was by way of the AV node-His bundle only. The total time for the
electrophysiological study was 3 hours and 50 minutes and the fluoroscopy time
1 hour and 50 minutes.

The ECG on discharge the following morning showed exclusive A-V conduc-
tion over the AV node with a normal PR interval. At follow-up after 3 months
an intermittently occurring preexcitation pattern using the right posteroseptal
accessory pathway was found. During further evaluation using holter recordings
only non-sustained circus movement tachycardia were seen lasting 3-5 beats.
Ventriculo-atrial conduction was over the right posteroseptal accessory path-
way. The patient refused a second RF ablation because he considered his
symptoms of no significance. No antiarrhythmic drug treatment was prescribed.



t ares Figure 6: ECG recorded after several RF
applications in to right posteroseptal region
showing 2 to 1 conduction over the remain-
ing right posteroseptal AP.
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Figure 7: 12-leadECG recorded
24 hours after the procedure,
showing absence of preexcita-
tion.
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Discussion

The incidence of multiple AP have previously been reported in patients with the
Wolff-Parkinson-White syndrome to vary from 5 to 15% (9). Recognition of
multiple accessory pathways during the electrophysiologic study is of obvious
importance if surgical or catheter ablation of accessory pathway(s) is attempted.

Our patient shows that in one single session three accessory pathways can be
identified and successfully ablated using RF current.

Let us examine again the evidence for the presence of three accessory
pathways

AP. From the 12-lead ECG during sinus rhythm and atrial
pacing the presence of negative delta waves in II, III, aVF, VI with an abrupt
transition in V2 suggested a right posteroseptal AP.

Le// /atera/ AP. The orthodromic circusmovement tachycardia which was
initiated during the study always showed the earliest retrograde atrial activation
at the distal pole on the coronary sinus catheter, indicating retrograde conduction
over a left lateral AP (Fig 2).

Le/f pos/erosep/a/ AP. On decreasing the atrial pacing cycle length to 280
msec a sudden change in preexcitation pattern was observed with delta waves
negative in U, ILL, aVF and. positive iu ai\ çïeooïdwA tead m&Vcaftxng a tefl
posteroseptal AP (Fig 3).

Patients with multiple accessory pathways have a higher incidence of induc-
tion of antidromic circusmovement tachycardia during the electrophysiologic
study (9). In our patient no antidromic tachycardia could be initiated. Theoreti-
cally that would have been possible with retrograde conduction over the left
lateral accessory pathway only because neither the other 2 accessory pathways
nor the His-AV node pathway was able to conduct in retrograde direction. As
shown in Figure 3 the left lateral accessory pathway had the shortest anterograde
refractory period explaining the inability to initiate an antidromic tachycardia
during atrial pacing. Why an antidromic tachycardia with V-A conduction over
the left lateral AP could not be initiated during ventricular pacing is not clear.
Possible mechanisms include the level of retrograde penetration into the other
accessory pathways or the distance between the atrial ends of the accessory
pathway.

Efficacy of radiofrequency current catheter ablation in multiple AP's
The efficacy of radiofrequency current catheter ablation in accessory pathways
has been shown by several authors (10,11,12). In most of the reported cases a
single AP was present.
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In our patient three different AP's were diagnosed and ablated by radiofre-
quency current in a relatively short lasting procedure (3 hours 50 min.)

We conclude that detailed analysis of the 12-lead ECG and the findings
during the electrophysiologic study are essential for a cure in patients with
multiple AP's. Using radiofrequency ablation this can be accomplished in a
single session. In analogy with the surgical interruption of AP one might
anticipate that the chance on recurrence will be greater in patients with multiple
AP's.
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Improvement in left ventricular function
by ablation of atrioventricular nodal
conduction in selected patients with lone
atrial fibrillation

Abstract

Left ventricular function was studied in 30 patients with lone atrial fibrillation
(AF) (paroxysmal = 27, persistent = 3) before and after ablation of atrio-
ventricular conduction (AV). In all patients drug treatment failed to control
ventricular rate during AF and /or to prevent recurrences of the arrhythmia. Left
ventricular (LV) ejection fraction, LV end systolic, end diastolic and left atrial
dimensions were measured by echocardiography before (< 1-37, mean 7 ± 10
months) and after ablation (< 1-77, mean 14 ± 20 months). Before ablation LV
ejection fraction was < 50% in 12 patients (group I) and > 50% in 18 patients
(group II). Following ablation LV ejection fraction increased significantly after
ablation in group I patients from 43 ± 8 % to 54 ± 7 % (p < 0.0001). There were
also significant decreases in the LV end systolic, LV end diastolic and left atrial
dimensions. No changes in these parameters were observed in group II patients.
Patients from group I and group II had a significant difference in duration of their
arrhythmia, 8 to 28, mean 11 years in group I, 2 to 14, mean 5 years in group II
(p < 0.05). No differences were present in age, sex, New York Heart Association
functional class for dyspnea and type of ablation procedure. Thus, some patients
with lone AF may show deterioration of LV function which seems to be related
to the duration of the arrhythmia. In them, L V function may improve significant-
ly after ventricular rate control is accomplished by ablation of AV conduction.

Introduction

Atrial fibrillation (AF) is a common arrhythmia (1-3). It may be paroxysmal or
chronic, the paroxysmal type frequently preceding the chronic form. Most
patients with AF have some form of underlying heart disease or hormonal
abnormality but the arrhythmia can also occur as an independent arrhythmic



entity, so called lone, primary or idiopathic AF (4). The occurrence of the high
ventricular rate and loss of atrial contribution to ventricular filling during AF
may lead not only to the unpleasant sensation of palpitations and complications
like dizziness but also to cardiac dilatation and congestive failure even in the
absence of an underlying cardiovascular abnormality (5). In 1982 Scheinman et
al (6) and Gallagher et al (7) introduced high energy direct current ablation of
the atrio-ventricular (AV) junction in patients with AF in whom the ventricular
rate could not be controlled by drug therapy. In 1990 Brugada et al (8) used an
injection of ethanol into the AV nodal coronary artery to interrupt AV junctional
conduction in patients with AF. This report examines the effect of ventricular
rate control by ablation of the AV conduction on left ventricular (LV) function
in patients with lone AF in whom drugs had failed to control the ventricular rate
during AF and to prevent recurrences of the arrhythmia.

Patients and Methods

From March 1985 to March 1991, 30 patients with lone AF underwent ablation
of their AV conduction. There were 19 men and 11 women with an age range
from 36-78, mean 59 ± 10 years at the time of ablation. In all patients the
diagnosis of lone AF was reached after reviewing the medical history, physical
examination, 12-lead electrocardiogram, and echocardiogram-Doppler studies.
Coronary angiography was performed in 18/30 patients, in 11 patients to
exclude coronary artery disease and in 7 patients because ethanol injection into
the AV nodal coronary artery was used for ablation of AV conduction. In all
patients recurrences of atrial fibrillation could not be prevented and ventricular
rate during AF not adequately controlled by drugs like digitalis, disopiramide,
verapamil, sotalol, flecainide, amiodarone, (3-blockers alone or in combination.
The number of drugs per patient varied from 4 to 7, mean 5. The duration of the
arrhythmia ranged from 2 to 28 years.

Ablation procedure

After informed consent patients underwent ablation of the atrioventricular
junction. Interruption of AV conduction was accomplished by DC-shock (9) in
16 patients, by injection of ethanol into the AV nodal artery (8) in 7 patients,
surgical cryoablation in 6 patients and radiofrequency energy in the remaining
patient. Interruption of AV nodal conduction by cryoablation of His bundle was
performed after failure of DC-Shock attempts. Following achievement of third
degree AV block a temporary demand ventricular pacemaker was inserted and
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the patient monitored in the coronary care unit for 72 hours. Serial isoenzyme
(lactic dehydrogenase, creatine phosphokinase, serum glutamic oxaloacetic
transaminase, serum glutamic pyruvic transaminase were obtained for 48 hours.
After 72 hours of complete AV block, a permanent cardiac pacemaker was
implanted. Patients were thereafter followed-up at our out patient clinic.

Echocardiographic measurements

M-mode and 2-dimensional echocardiograms were obtained before (< 1-37,
mean 7 ± 10 months) and after (< 1-77, mean 14 ± 19 months) the ablation
procedure.

The LV ejection fraction, end systolic, end diastolic diameter and left atrial
size were measured according to the recommendations of the American Society
of Echocardiography (10). All echocardiograms were performed by the same
investigator. In patients with AF, LV ejection fraction and left heart dimensions
were measured as the mean of five consecutive beats. In all patients the
postablative follow-up echocardiograms were recorded during a pacemaker
rhythm of 70 beats/min.

Statistical analysis

Continuous variables are expressed as mean ± SD. Group of patients were
compared with the Paired t-test. Non continuous variables were compared by
use of the CHI-2 test. Statistical significance was assumed for p values of
< 0.05.

Results

The population was divided according to a pre-ablation value of the LV ejection
fraction of < 50% (12 patients; Group I) and > 50% (18 patients; Group II).

No differences were present between group I and II patients in sex
(men/women 10/8 vs 9/3), age (56 ± 10 vs 62 ± 9 years), ablation procedure
(DC-shock: 9 vs 7; ethanol injection: 4 vs 3; surgical cryoablation: 5 vs 1, and
radiofrequency energy: 0 vs 1). All but one patient were in New York Heart
Association functional class II. The type of AF was paroxysmal in 9/12 and
18/18 in group I and II patients respectively. Persistent AF was present in 3 of
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Figure 1: Individual representation of the left ventricular ejection fraction before and after
ablation in group I patients.

the group I patients. The duration of AF was significantly longer in group I as
compared to group II patients (8-28, mean 11 years vs 2-14, mean 5 years
respectively (p < 0.05)).
The heart rate at the preablation echocardiographic studies was similar in both
groups (group 1:112±9b/min(100-130); group II; 109± 11 b/min; (100-130)).

Post-ablative pacing mode

A VVIR pacing with rate response mode was used in 29/30 patients. One patient
of group I received a VVI pacemaker.

Effect on left ventricular function

Left ventricular ejection fraction
In group I patients the LV ejection fraction increased significantly by a mean of
22 % of the pre-ablation value (before ablation 43 ± 8 and after ablation 54 ±
7 %) (p < 0.001) (Fig 1). No change in LV ejection fraction was found in group
II patients (59 ± 3% before and 59 ± 4% after ablation). In 6 patients of group I
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Figure 2: Pre-ablation (before) and post-ablation (after) values of left ventricular end systolic
dimensions in group I patients.

the LV ejection fraction was measured within 6 months and in the other 6
parienfs more man /2 months after abfation. An increase in LV ejection fraction
of 22% was found in both groups of patients.
In group I patients the mode of interruption of the AV conduction system
(DC-shock, ethanol injection, surgical cryoablation and radiofrequency energy)
did not affect the amount of improvement in LV ejection fraction after ablation.

The time of measuring the LV ejection fraction before and after the ablation
procedure were comparable in group I and group II patients (< 1 to 36 vs < 1 to
37 months and < 1 to 65 vs < 1 to 77 months) respectively.

Before ablation the echocardiographic measurements were made during sinus
rhythm in 3 group I and 10 group II patients and during AF in 9 group I and 8
group II patients. After ablation 3 group I and 6 group II patients were in sinus
rhythm and 9 group I and 12 group II patients in AF.

Left ventricular end systolic dimensions
The LV end systolic dimension decreased significantly by 15% (before: 40 ± 5
mm and after ablation 34 ± 5 mm) (p < 0.003) in group I patients (Fig 2). No
change was observed in group II patients (before: 31 ± 3 mm, after: 31+4 mm)
(Table I).



Table I. Echocardiographic findings before and after ablation

Left ventricular ejection fraction

< 50% (12 patients) > 50% (18 patients)

before after P before after P

LV ejection fraction (%) 43 ±8 54 ±7 < 0.001 59 ± 3 59 ± 4 NS
LV end systolic dimension (mm) 40 ±5 34 ±5 < 0.003 31 ± 3 31 ± 4 NS
LV end diastolic dimension (mm) 54 ±5 50 ±5 <0.02 49 ± 4 48 ± 5 NS
LA size (mm) 54 ±6 50 ± 6 < 0.002 46 ± 6 47 ±5 NS

Abbreviations: A = ablation, LA = left atrium, LV = left ventricular
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Figure 3: Left ventricular end diastolic dimensions in group I patients before and after
ablation.

Left ventricular end diastolic dimensions
The LV end diastolic dimension decreased by 7 % after ablation in group I

patients (before: 54 ± 5, after: 50 + 5 mm) (p < 0.02) (Fig 3). No change occurred

in group II patients (before: 49 ± 4, after: 48 + 5 mm) (Table I).
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Figure 4: Left atrial dimensions in group I patients before and after ablation.

Left atrial dimensions
Group I patients showed a 7% reduction in left atrial dimension after ablation
(before: 54 ± 6, after: 50 ± 6 mm) (p < 0.002) (Fig 4). Left atrial dimensions did
not change in group II patients (before: 46 ± 5, after: 47 ± 5 mm) (Table I).

Discussion

Several groups of investigators (11-19) have reported on the development of left
heart dysfunction in patients suffering from chronic supraventricular tachycar-
dias. This has been observed in atrial tachycardia (11-13) and in patients having
a slowly conducting accessory pathway incorporated in the tachycardia circuit
(18). Reversal of impaired cardiac function after control of the arrhythmia
suggests that even in the absence of additional cardiac disease, a chronically
accelerated cardiac rhythm may lead to a dilated cardiomyopathy (so called
tachy-cardiomyopathy).

In 1987 Lemery et al (20) described a patient with AF and congestive failure
who showed marked improvement in pump function after DC-shock ablation of
the AV conduction system.



Recently Heinz et al (21) reported on the effect of radiofrequency ablation of
the AV conduction system in a series of patients with chronic AF and atrial
flutter. They found improvement of LV function because of a decrease in end
systolic dimensions. However, many of their patients had additional cardiac
abnormalities.

We were interested in a possible deteriorating effect of AF perse on LV
function and included therefore only patients with lone AF in our study.

Our observations suggest that in some patients with long lasting lone AF,
chronic impairment of LV function develops over time. This is obviously a
selected group of patients. They were referred to our center because their
frequently occurring and long-lasting arrhythmias could not be controlled by a
wide variety of antiarrhythmic drugs. Interestingly, only the duration of the
arrhythmia was found to play a role in the development of LV dysfunction.

Impaired LV function could be improved by control of the ventricular rate by
ablating the AV conduction system and the insertion of a pacemaker. It is of
importance that this was accompanied by a decrease in left atrial and LV
dimensions. Several different methods were used to interrupt AV conduction. It
has been shown that high energy direct current ablation may cause myocardial
damage and even death (22) especially in patients with diminished LV function.
In our patients no differences in effect on LV function were observed when the
different modes of ablation were compared. It should be stressed however that
absence of cardiac disease other than AF made these patients a low risk group
for any type of ablation of their AV conduction system.

Limitations of our study

As pointed out already, our patients represent a selected group of patients having
longstanding lone AF in whom recurrences and the ventricular rate during the
arrhythmia could not be controlled by drug therapy resulting in referral to a
tertiary center. The true incidence of the development of LV dysfunction in
patients with lone AF remains therefore not known and can only be answered
by a prospective study.

The retrospective nature of our study led to other limitations like absence of
standardization of the preablation antiarrhythmic drug regimen and differences
in duration of AF. Different modes of ablation of AV conduction were used and
the negative inotropic effects of drugs given may have contributed to impair-
ment of LV function. Also the time of the echocardiographic measurements
before and after ablation was not standardized. The atrial rhythm (sinus rhythm
or AF) during our studies may not have been the same before and after ablation
and post ablation measurements were made during ventricular pacing. Never-



theless in contrast to the patients with normal LV function all patients having
depressed LV function snowed improvement after ventricular rate control by
AV ablation.

Twenty nine out of the 30 patients had a VVIR pacemaker implanted. It is
likely that in the future, because several of these patients had paroxysmal AF,
more pacing devices will be implanted allowing atrial contribution to ventricular
filling. This may result in even greater improvement of LV function after
ablation. Echocardiogram-Doppler measurements could be useful in selecting
the most appropriate pacing mode in each patient.
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of serial signal averaged
electrocardiograms after a first acute
myocardial infarction

SÏÏ-

Abstract

The prognostic significance of serial signal averaged electrocardiograms per-
formed during the first 3 days (period 1), in the second week (period 2) after a
first acute myocardial infarction (AMI) and 6 months later (period 3) was
prospectively assessed in 190 patients. No patients were treated with throm-
bolytic therapy. Patients with conduction disturbances were excluded. The mean
age of the 190 patients was 57 (range 34 to 74) years and their mean left
ventricular ejection fraction 40% ± 6% (range 12-70%). Eighty-four patients had
an anterior wall AMI and the remaining 106 patients an inferior wall AMI. After
a mean follow-up of 24 months, 16 patients had developed sustained sympto-
matic monomorphic ventricular tachycardia, 7 patients were resuscitated from
an episode of ventricular fibrillation, and 10 patients died suddenly. Multivariate
regression analysis using continuous variables showed that the strongest predic-
tor of sustained ventricular tachycardia and ventricular fibrillation was the left
ventricular ejection fraction (p< 0.0001) followed by the duration of QRS
complex on the signal averaged electrocardiogram recorded during the first 3
days after AMI (p < 0.0005). Sudden death was only predicted by the left
ventricular ejection fraction (p < 0.02).

Introduction

In patients surviving acute myocardial infarction (AMI), recognition of those at
high risk of developing life-threatening arrhythmias and sudden death is of
obvious importance. Size of infarction as reflected in left ventricular ejection
fraction and also complex ventricular arrhythmias have been identified as
important factors in this risk stratification (1). Recently, increasing attention has
been given to the signal averaged electrocardiogram as another screening



method alone or in combination with other parameters (2). Most of these studies
have been retrospective. Recordings have been obtained at varying time inter-
vals after AMI. Our study using serially recorded signal averaged electrocar-
diograms in 190 patients was performed to (1) obtain prospective data on the
value of this technique, and (2) get an insight into the most appropriate time of
recording the signal averaged electrocardiogram after AMI.

Patients and methods

All patients admitted to our coronary care unit in 1983 with the diagnosis of AMI
were considered candidates to prospectively enter the study. Patients were
excluded if (1) the diagnosis of AMI could not be confirmed even after the first
recording had been obtained; (2) conduction disturbances were present at the
time of recruitment; (3) technical or practical problems impeded the necessary
recordings; (4) the patient was taking antiarrhythmic drugs at the time of
admission with AMI or, (5) the patient had a previous AMI, had undergone
bypass surgery or other associated cardiac or non-cardiac conditions (e.g.,
electrolyte disturbances) that could influence the results of the signal averaged
electrocardiogram. Of the 320 patients with a first AMI, 190 had no exclusion
criteria and could prospectively be included in the study. No patient was treated
with thrombolytic therapy. A signal averaged electrocardiogram using Simson's
method (3) was recorded during one of the first 3 days (period 1 ) after the onset
of symptoms. The study was repeated in the second week (period 2) and, if the
patient was alive, after 6 months in the outpatient clinic (period 3). Full electrical
isolation during the recording was guaranteed by a specially prepared room next
to the coronary care unit where no other electrical devices were present. The
duration of the QRS complex and the voltage of the terminal 40 ms of the QRS
complex were calculated according to the methods defined by Simson (3).
Although filters for 25 and 50 Hz were used only data using 25 Hz filters will
be presented because results were identical.

In our study the voltage of the terminal 40 ms of the QRS complex ( V40) was
analyzed as a continuous variable and dichotomized as well. When the ampli-
tude of signals in the last 40 msec of the filtered QRS were dichotomized, late
potentials were considered present if case low-amplitude voltage < 25 microV.

Late potentials were also categorized as normal (> 25 microV) or abnormal
(< 25 microV).

In all patients information was available on age, gender, location of AMI,
maximal enzyme increase, cause of death and incidence spontaneously oc-
curring sustained ventricular tachycardia during follow-up. Left ventricular
ejection fraction was measured before discharge using 2-dimensional echocar-
diography, left ventricular contrast angiography or nuclear techniques. In
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patients in whom left ventricular ejection fraction had been measured with
several of these techniques the average value was used for calculation. As
previously reported in our institution correlation between echocardiographic and
angiographie left ventricular ejection fraction and between nuclear and an-
giographie left ventricular ejection fraction is 0.96 and 0.94, respectively (4).

Statistical analysis was performed using univariate and multivariate analysis
with the Cox proportional Hazard model using continuous variables with a
univariate predictor value of < 0.10. One-way analysis of variance and simul-
taneous confidence intervals were used to compare the continuous variables
between groups. All values are expressed as a mean ± standard deviation.

The mean follow-up at time of analysis was 25 months (range 1 to 33).

Results

Of the 190 patients, 37 (19%) had late potentials (V40 < 25 microV) during the
first 3 days (period 1) after myocardial infarction.

The incidence decreased to 15% (30 of 190 patients) during the second period
(2 weeks after AMI) and was 12% (23 patients) in the 178 survivors after 6
months (period 3) (table I). There were 12 death: 10 patients died suddenly and
2 patients died because of pump failure.

Of 142 patients with a left ventricular ejection fraction > 40%, 25 patients (18%)
had late potentials during > 1 of the 3 postinfarction periods in contrast to 19 of
48 patients (39%) with left ventricular ejection fraction < 40% (p = 0.003).

When comparing the patients without arrhythmic events to patients with
arrhythmic events (sudden death, ventricular fibrillation, ventricular tachycar-
dia), we noted some differences among the 4 groups. The peak of creatine kinase
and oxaloacetic transferase were higher in patients with ventricular tachycardia
(p < 0.0001). The left ventricular ejection fraction was lower in patients having
ventricular fibrillation and in those who died suddenly (p < 0.0001). Mean
duration of QRS in period 1 was 108 ms (range 88 to 120) in patients developing
sustained ventricular tachycardia during follow-up, 120 ms (range 66 to 120) in
patients with ventricular fibrillation, and 106 ms in those who died suddenly. In
patients without arrhythmic events mean duration of QRS was 90 ms
(p< 0.000 l)(table II).

Mean voltage of the terminal 40 ms of the QRS complex (V40) in the first
period after myocardial infarction was lower in patients developing ventricular
tachycardia (p < 0.0001). hi contrast patients having ventricular fibrillation had
a lower voltage during the second and third period after myocardial infarction
(p< 0.0001).
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Table I. Presence of late potentials and arrhythmic events in relation to left ventricular
ejection fraction

Periods after AMI

1 2 3

+ - -
+ + -
+ - +

+
+ + +

+
- + +

-

EF > 40%

LP

6
6
0
0

13
0
0

117

AE

1
0
1
0
5
0
1
7

EF<40%

LP

2
4
2
4
4
3
0

29

AE

1
0
0
1
7
0
0
9

p value

NS
NS
NS
NS
0.02*
NS
NS
NS

Abbreviations: AMI = Acute myocardial infarction; AE = Arrhythmic event; EF = Left
ventricular ejection fraction; LP = late potentials; - (V40 > 25 microV) = No LP, + (V40 <
25 microV) = Presence of LP. period 1 = first 3 days after AMI, period 2 = week 2 after AMI,
period 3 = 6 months after AMI.

After a mean follow-up of 25 months there were 33 arrhythmic events, 16
patients (8.8 %) presented symptomatic sustained monomorphic ventricular
tachycardia. In 4 patients this arrhythmia was observed around the twenty-fifth
day after AMI, in 4 patients approximately 1 month after AMI and in the
remaining 8 patients after > 13 months (range 13 to 32). Seven patients (3.8 %)
were resuscitated from ventricular fibrillation. Four patients had ventricular
fibrillation < 1 month after AMI and 3 at 1 month after AMI. Ten patients (5.5%)
died suddenly. Two patients died with documented ventricular tachycar-
dia/ventricular fibrillation after 1 month of AMI. The remaining 8 patients died
suddenly and without electrocardiographic documentation before the third sig-
nal averaged electrocardiogram was recorded (1-5.5 months). Two patients died
because of pump failure approximately 15 months after AMI. Arrhythmic
events occurred more often in patients with left ventricular ejection fraction
< 40% (15 in 48 vs 18 in 142) (p < 0.01). The combination of persistent late
potentials during the 3 postinfarction periods and the occurrence of arrhythmic
events was also seen more often in patients with low left ventricular ejection
fraction (5 in 142 vs 7 in 42) (p < 0.01) (Table I).
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Table II. Clinical characteristics of patients with ventricular tachycardia, ventricular fibrilla-
tion and sudden death.

No. ofPts.
Age ( years )
Site of MI
Anterior
Inferior

Peak CK (U/l)
Peak OT (U/l)
LVEF%
Mean duration QRS
Mean duration QRS

Mean duration QRS

Mean V40 period 1
Mean V40 period 2

Mean V40 period 3

period 1
period 2
period 3

(mv)
(mv)
(mv)

(ms)
(ms)

(ms)

No events

157

57 ±3

60
97

2331 ±30
260120

4713
9013
9913

9513

6513
5212

5312

VT

16
6212

13
3

28791181*
3251 15*
3912
10812

11212*
9612

4513*

4313
4613

VF

7
55 ±1

6
1
2563 192

292113
3014*

12011*
1121 1*

9611
4812
3412*

3612*

SD

10
5713

5
5

2553 190
272 120

3015*
10612
10612
9612

5213
6212
6612

Abbreviations: CK = creatine kinase; LVEF = left ventricular ejection fraction; MI =
myocardial infarction; OT = oxala-cetic transferase; Pts = patients; period 1 = first 3 days
after AMI, period 2 = week 2 after AMI, period 3 = 6 months after AMI, V40 = amplitude
last 40 ms of QRS; * P value < 0.0001

With use of continuous variables (Cox Proportional Hazard), the strongest
predictor of sustained ventricular tachycardia and ventricular fibrillation was
found to be left ventricular ejection fraction (p < 0.0001) followed by the
duration of the QRS complex in the signal averaged electrogram recorded during
the 3 days of infarction (p < 0.0005).

Sudden death was only predicted by the left ventricular ejection fraction
(p < 0.02). When sudden death, ventricular fibrillation and ventricular tachycar-
dia were taken together and the same continuous variables applied, left ventri-
cular ejection fraction remained the strongest predictor for arrhythmic events
(p < 0.0001) with the duration of the QRS complex from the signal averaged
electrogram recorded during the first 3 days after myocardial infarction as the
second most powerful predictor.

74



Discussion

In recent years several investigators have recorded late potentials after an AMI.
(2,3.5-10). Our results suggest that the left ventricular ejection fraction was the
most important predictor of sudden death and the occurrence of sustained
ventricular arrhythmias during follow-up. The duration of the QRS complex on
the signal averaged electrocardiogram during the first period (3 days ) after AMI
was an independent predictor (p < 0.0005). Serial signal averaged electrocar-
diograms at the second period (2 weeks) and third period (6 months after AMI)
did not add additional information.

Gomes et al (5) found good specificity (80 %) and sensitivity (88 %) of the
duration of QRS complex in the "acute" phase of AMI but the signal averaged
electrocardiograms were not recorded during the late phase of AMI. The same
group (6) found that the left ventricular ejection fraction had an independent
value from the late potentials to predict arrhythmic events. They also described
that the predictive value of the signal averaged electrocardiogram in patients
with anterior wall AMI was better than left ventricular ejection fraction. Pollak
et al (7) reported that the predictive value of late potentials was independent of
left ventricular ejection fraction in patients with and without ventricular tachy-
cardia.

El-Sherif et al (8) described that an abnormal signal averaged electrocar-
diograms and a low ejection fraction had independent value for predicting late
arrhythmic events after the acute phase of myocardial infarction. In their study
an abnormal signal averaged electrocardiogram was considered a low-amplitude
signal (< 25 mV) in the last 40 msec of the QRS, a total filtered QRS duration
> 120, or both. In our patients left ventricular ejection fraction was the strongest
predictor of prognosis. Late potentials were not an independent variable in terms
of prognosis.

Few studies have paid attention to the value of serial and prospectively
recorded signal averaged electrocardiograms (8-10). Serial signal averaged
electrocardiograms showed that the most important prognostic information was
recorded during the first period (3 days) after AMI. This observation is of
interest both pathophysiologically and in terms of the practical application of the
technique.

From the pathophysiologic point of view one can only speculate on the serial
changes observed in the signal averaged electrocardiogram. The incidence of
late potentials (as here defined) decreased from the first to the second period
after AMI with a further decrease in the survivors 6 months later. Progressive
cell death may have caused the changes from the first to second period and 6
months later but also slowing in conduction during the phase of acute ischemia.
Because sudden death after AMI can be the result of other causes than a



sustained ventricular arrhythmia, it cannot be expected that either the signal
averaged electrocardiogram or the left ventricular ejection fraction will reach a
sensitivity or specificity of 100 %.

With regard to the practical application of the technique, serially recorded
signal averaged electrocardiograms demonstrate that the best prognostic value
can be obtained when recordings are made early after AMI (9). Interestingly, our
findings suggest that this is true for the duration of the QRS complex, but not for
the presence of a late potential. A widened QRS on the signal averaged electro-
cardiogram during the first 3 day after AMI probably indicates a large area at
risk.

Our patients were admitted to the hospital at a time that thrombolytic therapy
was not given. It is well known now that thrombolytic therapy after AMI leads
to a reduced incidence of abnormal signal averaged electrocardiograms (11,12).
It appears unlikely, however, that the presence of an abnormal signal averaged
electrocardiogram after thrombolytic therapy will be of different significance as
compared to an abnormal signal averaged electrocardiogram without throm-
bolytic therapy.
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Observations on the QRS complex in
postinfarction and non-ischemic
ventricular tachycardias

Abstract

The twelve lead electrocardiogram characteristics during tachycardia were com-
pared in 73 patients with a postinfarction (group A) and 73 patients with a
non-ischemic etiology of their ventricular tachycardia (VT) (group B). Seventy
five tracings were available in the group B patients (8 right ventricular dysplasia,
24 idiopathic ventricular tachycardia and 43 preexcited tachycardia). Correct
diagnosis was based on electrophysiologic and angiographie study. Presence of
a qR or QR pattern (with a QR ratio of 25% or more) in any lead except aVR
was found to be the most helpful parameter in differentiating postinfarction from
non-ischemic ventricular tachycardia. This sign was found in 65/73 (89%) and
0/75 of postinfarction and non-ischemic ventricular tachycardia respectively.
The specificity and sensitivity of this sign was 100% and 90% respectively
(p < 0.0001). In right bundle branch block VT morphology,(44/73 group A,
44/75 group B) a total R wave amplitude in all precordial leads of more than
80 mm was of help in differentiating postinfarction from non-ischemic VT.
Forty out of forty four (91%) of postinfarction VT and 4/44 (9%) of non-is-
chemic VT had an amplitude of < 80 mm (p < 0.0001). The specificity and
sensitivity of this finding was 90% and 90% respectively. In right bundle branch
block VT morphology, the distance between onset to summit of R wave in lead
VI was 100 ± 50 (mean) msec vs 87 ± 38 (mean) msec (p < 0.01) and the
distance between the onset to nadir of S wave in V6 was 89 ± 27 (mean) msec
vs 71 ± 18 (mean) msec (p < 0.001) in group A and group B patients respective-
ly. In left bundle branch block VT morphology, the total R wave amplitude in
the extremity leads was higher (41 ±23 mm) in non-ischemic VT than postin-
farction VT (29 ± 12 mm) (p < 0.001).



Conclusions

Certain findings on the 12-lead electrocardiogram during ventricular tachycar-
dia can be of help in differentiating between an postinfarction or a non-ischemic
origin. 1) A qR or QR pattern in any lead except aVR suggests postinfarction
VT, 2) In right bundle branch block VT morphology a total R wave amplitude
in all precordial leads < 80 mm suggests postinfarction VT. 3) In right bundle
branch block VT morphology a distance from onset to summit of the R wave in
lead VI of > 120 msec and a distance from onset to nadir of S wave in lead V6
of > 90 msec suggests postinfarction VT. 4) In left bundle branch block VT
morphology a total R wave amplitude in extremity leads of > 40 mm suggests
non-ischemic VT.

Introduction

Several studies have focused on establishing criteria to differentiate a supra-
ventricular from a ventricular origin in patients with a wide QRS tachycardia
(1-10).

Less attention has been given to the possibility to diagnose a postinfarction
from a non-ischemic cause when analyzing a wide QRS tachycardia (11).

The purpose of this study was therefore, to study the value of the 12-lead
electrocardiogram to differentiate postinfarction from non-ischemic ventricular
tachycardia. In this study preexcited tachycardias (exclusive atrioventricular
conduction over the accessory pathway) were considered as a form of ventri-
cular tachycardia.

Methods and Patients

Our nonblinded retrospective study included 73 consecutive patients with 73
twelve lead electrocardiogram recordings of sustained monomorphic ventricular
tachycardia after an old myocardial infarction (group A). There were 55 males
and 18 females with a mean age of 59 ± 10 years. The myocardial infarction
location was anterior in 31 patients, inferior: 26 patients, lateral: 5 patients,
anterior + inferior: 8 and anterior + lateral: 3 patients. Also seventy-five 12 lead
electrocardiograms were available from 73 consecutive patients with non-is-
chemic VT, 56 males and 17 females (group B). The mean age was 32 ± 14
(range 12-67) years. As shown in Table 2 forty three preexcited tachycardias
with exclusive atrio-ventricular conduction over an accessory atrioventricular
pathway were present in 41 patients (antidromic tachycardia = 27, atrial flutter
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Table 1. QRS axis in postinfarction and non-ischemic VT

BBB shape

LBBB

Total LBBB

RBBB

Total RBBB

Axis

N
S
I

N
S
I

Etiology

CAD

8
18
3

29

3
25
16
44

IDIO

7
3
5

15

0
7
2
9

RVD

1
6
1
8

0
0
0
0

PT

2
6
0
8

4
15
16
35

Total

18
33

9 J
60 j f l

7 <fl
47 >4H
34 1
88 1

Abbreviations: BBB = bundle branch block, CAD = coronary artery disease, IDIO =
idiopathic ventricular tachycardia, I = inferior, L = left, N = normal, PT = preexcited
tachycardia, R = , right, RVD = right ventricular dysplasia, S = superior, VT = ventricular
tachycardia.

= 14, atrial tachycardia = 2). In these patients accessory pathway location was
left free wall in 29 cases, (67%), right free wall in 7 cases (16%), posteroseptal
in 5 (12%), anteroseptal in 1 and mid-septal in 1 (5%). Twenty four patients had
idiopathic ventricular tachycardia, and 8 patients had right ventricular dysplasia
ventricular tachycardia. A complete 12-lead electrocardiogram during tachycar-
dia was available in all patients. All tachycardias occurred spontaneously except
the preexcited tachycardias which were induced during electrophysiologic
study. VT's from patients with dilated cardiomyopathy were not included in this
study because of the few cases available. The etiology of ventricular tachycardia
was based on non-invasive and invasive tests including echocardiography,
cardiac catheterization with ventricular and coronary angiography and an
electrophysiologic study. In patients with left bundle branch block like VT
special attention was given to the echocardiographic examination to exclude
right ventricular dysplasia. The preexcited tachycardias were included in the
study after the electrophysiologic study showed that ventricular activation
occurred exclusively over the accessory atrio-ventricular pathway.

Electrocardiograms were analyzed at a paper speed of 25 mm/sec and stand-
ardization 1 mV = 10 mm and graded by four independent observers for: 1) right
or left bundle branch block morphology; 2) frontal QRS axis; 3) QRS width; 4)
the total R wave amplitude in the precordial leads; 5) the total R wave amplitude
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in the extremity leads; 6) total QRS amplitude in all 12 leads by adding each
QRS component (i.e., Q + R + S amplitude) from all extremity and precordial
leads; 7) Total S wave amplitude in the precordial leads, and 8) in the extremity
leads, 9) the presence of qR or QR pattern in any lead except aVR; 10) the
distance between onset to summit of the R wave in VI and from the onset to
nadir of the S wave in lead V6 in right bundle branch block shaped VT; 11 ) the
distance between onset to nadir of the S wave in VI and onset to summit of the
R wave in V6 in left bundle branch block shaped VT.

In all patients electrocardiograms were recorded in the absence of antiarrhyth-
mic drug therapy or after antiarrhythmic drugs had been stopped for at least 5
elimination half lives.

Statistical analysis

Continuous variables were analyzed using a paired t test. The means are reported
with the standard deviation. Categorical variables were analyzed with chi-square
and Fisher's exact test. Statistical significance was assumed for p values of
< 0.05.

Definitions

(?/?S ÛJÔS: Normal ranging from -30° to +75°
Superior ranging from -30° to -180°
Inferior ranging from +75° to -180°
g wave: To be classified as a qR or QR complex, the q wave had to have a width
of at least 0.04 seconds and the downstroke of the q wave had to be rapid to avoid
misclassification of a negative delta wave as a qR complex. Apart from a width
of 0.04 seconds the Q/R ratio had to be at least 25%.
/?/g/rt ftundfe fcrancA Wocit /rarpfco/o&y; R, qR, QR or R/S complex in lead VI;
qR, qRS, QS, R/S or R complex in V6.
Le/ï b«nd/e branch Woe* morp/w/ogv: QS or rS complex in VI; R or R/S
complex in V6.
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Table 2 A. Electrocardiographic findings in postinfarction and non-ischemic VT

Parameters

QR pattern

Group A

89%

Group B

IDIO

0%

RVD

0%

PT

0%

P

value

< 0.001

QRS width (ms)

LBBB VT
RBBB VT

Total QRS amplitude (mm)
LBBB VT
RBBB VT

Total S wave amplitude precordial leads (mm)

LBBBVT 67 ±45 105 ±52

RBBBVT 43 ±31 47 ± 22
Total S waves amplitude in extremity leads (mm)

LBBBVT 29 ±18 36 ±12
RBBBVT 27 ±15 38 ± 7

Total R waves amplitude precordial leads (mm)
LBBBVT 29 ±12 34 ± 34
RBBBVT 51 ±40 74±41

Total R wave amplitude extremity leads (mm)
LBBBVT 29 ±12 51 ±27
RBBBVT 25±11 29 ±17

174 ±20
166± 19

154 ±42

155 ±56

147 ±22
152 ±16

222 ± 68

176 ±32

180
-

166

±

±

19

38

140
165

205

198

±15
±18

±08
±40

< 0.0001
= 0.02

< 0.0001

< 0.0001

74 ±39 86 ± 39 = 0.07
32 ± 23 NS

40 ±19 27 ±17 NS
25 ±17 =0.08

32 ±22 43 ± 35 NS
117 ±35 < 0.0001

23 ±07 39 ±23 < 0.0001
26 ±13 NS

Results (Tables I, 2A and 2B)

1) QRS morphology
Right bundle branch block morphology was observed in 44 out of 73 (60%) of
postinfarction and 44 out of 75 (58%) (NS) of non-ischemic VT. Left bundle
branch block shape was found in 29 out of 73 (40%) and 31 out of 75 (42%)
(NS) of postinfarction and non-ischemic VT respectively.
As shown in table 3 a right bundle branch block morphology was seen in patients
with a left free wall or posteroseptal accessory pathway and 9/24 of idiopathic
VT. Left bundle branch block shape was found in all 8 patients with right
ventricular dysplasia, 15/24 patients with idiopathic VT and 7/7 with a right free
wall and 1/1 with an anteroseptal accessory pathway.

84



Table 2 B. Electrocardiographic findings in postinfarction andnon-ischemic VT

Parameters

Patients with RBBB VT and
R wave in precordial leads

<80mm
> 80 mm

Distance from onset-summit

(R wave) in VI (ms)
Distance from onset-nadir

(S wave) in V6 (ms)
Distance from onset-nadir

(S wave) in VI (ms)
Distance from onset-summit

(R wave) in V6 (ms)

Group A

when

40/44
4/44

100 ±50

89 ±27

86 ± 18

98 ±34

Group B

IDIO

97 ±30

73 ±25

75120

71 ± 15

RVD

4/44
40/44

-

-

96 ±22

98 ±26

PT

85 ±

70 ±

76 ±

80 ±

16

18

17

21

P

value

< 0.0001
< 0.0001

NS

< 0.002

NS

= 0.06

Abbreviations: See Table 1.

-90"

180

RBBB CAD

RBBB non-CAD

| |LBBB CAD

LBBB non-CAD

-30'

Figure 1: The QRS axis in postinfarction and non-ischemic ventricular tachycardia. The
numbers represent: a) patients with coronary artery disease with right or left bundle branch
block (open squares) shaped ventricular tachycardia; b) patients without coronary artery
disease and right (open triangle) or left bundle branch block (open circle) shaped ventricular
tachycardia.
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Table 3. Findings of help in the differential diagnosis of postinfarction from non-ischemic
ventricular tachycardias

RBBB LBBB

1. Presence of QR pattern in any lead except aVR yes yes
2. Total R wave amplitude in the extremity leads < 40 mm yes
3. Total R wave amplitude in all precordial leads < 80 mm yes
4. Distance from onset to summit of R wave in lead V1

S 120 msec and the distance from onset to nadir of S
wave £ 90 msec in lead V6 yes

2) QRS axis in the frontal plane (Fig 1)
Right bundle branch block morphology: A normal axis was observed in 3/44
postinfarction and in 4/44 non-ischemic VT (all preexcited tachycardia). A
superior axis was found in 25/44 of postinfarction and 22/44 of non-ischemic
VT (idiopathic VT = 7, preexcited tachycardia = 15) (NS). An inferior axis was
present in 16/44 and 18/44 of postinfarction and non-ischemic VT (idiopathic
VT = 2, preexcited tachycardia =16) respectively (NS).

Left bundle branch block VT morphology: A normal axis was present in 8/29
postinfarction and in 10/31 non-ischemic VT (idiopathic VT = 7, right
ventricular dysplasia = 1, preexcited tachycardia = 2) (NS). A superior axis in
18/29 and 15/31 of postinfarction and non-ischemic VT (idiopathic VT = 3, right
ventricular dysplasia = 6, preexcited tachycardia = 6) respectively (NS). Inferior
axis was observed in 3/29 and 6/31 of postinfarction and non-ischemic VT
(idiopathic = 5, right ventricular dysplasia = 1) respectively (NS).

3) QRS width
In right bundle branch block morphology, the width of the QRS complex was
similar in both groups: 166 ± 19 msec (range 130-190) in postinfarction and 161
± 24 msec (range 80-200) in non-ischemic VT (NS).

In VT showing a left bundle branch block morphology the duration of the
QRS complex was wider in postinfarction (174 ± 20 msec, range 140-200) as
compared to the whole group of non- ischémie VT (151 ± 24 msec, range
120-200) (p < 0.001). Eight out of twenty-four patients with idiopathic VT, 0/8
of right ventricular dysplasia and 7/43 tracings of preexcited tachycardias (all
with a septal location of their accessory pathway) had a QRS width of < 140



msec87242

Figure 2: Panel A: shows a ventricular tachycardia with a right bundle branch block shape
and a QR pattern in all the precordial leads. Panel B: The same patient during sinus rhythm
showing Q waves in leads VI to V3 only.

msec. As shown in table 2A the widest QRS complexes in the non-ischemic left
bundle branch block VT group were found in patients with right ventricular
dysplasia (a mean of 180 ± 19 msec).

4) Presence of a QR pattern
The presence of a QR pattern (Fig 2) in one or more leads except aVR was
observed in 89% of postinfarction VT. All but two of these patients had more
than one lead showing this pattern. As shown in table 3 a QR in lead III was
present in 17 patients. Fifteen of these patients had an old inferior-posterior
myocardial infarction and the remaining two patients had inferior-anterior
myocardial infarction. A QR in lead I and AVL and or the precordial leads was
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Figure 3: Panel A shows the 12-lead electrocardiogram of an idiopathic ventricular tachycardia. Note a presence of a qR pattern
with a qR ratio of less than 25% in lead VI and V2. Panel B shows the same patient during sinus rhythm. This was one of the 2
patients with a verapamil sensitive right bundle branch block shaped, left axis VT.



found in 37 patients. Thirty four of these patients had an old anterior wall
myocardial infarction, the remaining 3 patients had a lateral myocardial infarc-
tion. Only one patient from the non-ischemic VT group showed a qR pattern in
lead VI and V2 (Fig 3). However, this patient with idiopathic VT had a q wave
of less than 25% of the R wave. The finding of a QR pattern with a QR ratio of
more than 25% had a specificity and sensitivity of 100% and 90% respectively
for a postinfarction origin of VT.

5) Total 12-lead amplitude of QRS complexes
In VT with right bundle branch block morphology, the total QRS amplitude was
less in postinfarction as compared to non- ischémie VT: 155 ± 56 mm (range
77-355) vs 174 ± 12 (range 77-212) (p<0.01). In left bundle branch block
morphology the total amplitude of the QRS complexes was lower in postinfarc-
tion and right ventricular dysplasia VT than in idiopathic and preexcited VT
(154 ± 42 mm; range 76-246) and (166 ± 13 mm; range 118-245) vs (222 ± 68
mm; range 107-350) and (205 ± 08 mm; range 131-360) (p < 0.0001).

6) Total S wave amplitude in precordial leads
In VT showing left bundle branch block morphology, the total S wave amplitude
in all precordial leads was lower (67 ± 45 mm, (range 0-235)) in postinfarction
than in non-ischemic VT (91 ± 47 mm (range 22-235)) (p < 0.04).

In right bundle branch block shaped VT, this sum tended to be higher in
postinfarction than in non-ischemic VT (43 ±31 mm (range 2-139) vs 32 ± 23
mm (range 3-89)) respectively (p = 0.09).

7) Total S wave amplitude in extremity leads
The total S waves amplitude in extremity leads in VT with left bundle branch
block morphology was not different between postinfarction and non-ischemic
VT (29 ± 18 mm (range 6-63 ) vs 33 ± 16 mm (range 5-61)) (NS). In right bundle
branch block VT morphology, this was similar in postinfarction (27 ±15 mm,
range 3-64) and non-ischemic VT (25 ± 17 mm, range 7-109) (NS).

8) Distance from onset to nadir of the S wave in lead VI and from onset
to summit of R wave in V6
In patients with left bundle branch block morphology the distance from onset to
nadir of S wave in lead VI did not differ in postinfarction and non-ischemic VT
(86 ± 18 msec (range 60-120) vs 81 ± 5 msec, (range 40-120)) (NS). Distance
from the onset to summit of R wave in lead V6 was longer in postinfarction as
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Figure 4: Ventricular tachycardia (panel A) in a patient with an old inferior myocardial infarction (panel B) showing a positive concordant
pattern with a total R wave amplitude of more than 80 mm.



compared to non-ischemic VT (98 ± 34 msec, (range 50-170) vs 79 ± 19 msec,
(range 40-120)) (p = 0.06). Only patients with postinfarction VT had an onset-
summit R interval in V6 of more than 120 msec ( 6/29 patients).

9) Distance from onset to summit of R wave in VI and from onset to
nadir of S wave in lead V6
In right bundle branch block shaped VT, the distance from onset to summit of
R wave in lead VI was longer in postinfarction (100 ± 50 msec, (range 40-160)
than in non-ischemic VT (87 ± 38 msec, (range 50-140)) but this difference was
not significant. In lead V6 the distance from onset to the nadir of S wave was
also significantly longer in postinfarction than non-ischemic VT (89 ± 27 msec
(range 50-160) vs 71 ± 18 msec (range 40-100), p<0.002). Only patients with
postinfarction VT had an interval of more than 100 msec (15/44 patients).

10) Total R wave amplitude in precordial leads
In the presence of a right bundle branch block shaped VT, the total amplitude of
R waves in all precordial leads was lower in postinfarction as compared to
non-ischemic VT (51 ± 40 mm (range 2-151) vs 106 ± 10 mm (range 29-189))
(p < 0.0001). When the total R wave amplitude was divided into those with < 80
mm and > 80 mm the specificity and sensitivity, positive predictive value and
negative predictive value was 90% ,90%, 90% and 90% respectively for postin-
farction and non-ischemic VT (< 80 mm 40/44 of postinfarction VT and 4/44 of
non-ischemic VT > 80 mm 4/44 postinfarction VT and 40/44 of non-ischemic
VT). Only in the four patients with an old infero-posterior myocardial infarction
and who showed a positive concordant pattern during VT, the total R wave
amplitude was found to be > 80 mm. An example is given in figure 4.

11) Total R wave amplitude in extremity leads
Only in left bundle branch block VT morphology, the total R wave amplitude in
the extremity leads was higher in non-ischemic as compared to postinfarction
VT (41 ± 23 mm (range 8-60) vs 29 ± 12 mm, (range 12-59), p < 0.001).

Discussion

In this study we found that 4 out of 10 electrocardiographic parameters analyzed
were helpful in differentiating postinfarction from non-ischemic VT: 1) a QR
pattern in any lead except aVR, favors postinfarction VT, 2) In left bundle
branch block shaped VT a total R wave amplitude in the extremity leads > 40
mm, favors non-ischemic VT. 3) In right bundle branch block shaped VT a total
R wave amplitude in all precordial leads < 80 mm , favors postinfarction VT. 4)
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A distance from onset to summit of R wave in lead VI >120 msec and a distance
from onset to nadir of S wave in lead V6 > 90 msec, favors postinfarction VT.
(Table 3)

QR pattern

Coumel et al (11) have reported that the presence of QR (qR, Qr) or QS
(especially in leads V5 and V6) complexes during a wide QRS VT strongly
suggests an postinfarction origin. Bisteni et al (12) have previously shown in a
dog model that ventricular premature beats with a QR pattern only occurred after
myocardial infarction, but that beats with a QS pattern could also be produced
in normal hearts. Our observations are in agreement with Bisteni. QS complexes
were observed both in postinfarction and non-ischemic VT. Our patients with
non-ischemic VT did not include patients with cardiomyopathy or infectious or
infiltrative myocardial diseases like sarcoidosis and amyloidosis. Pathologic Q
waves may be present in these patients during sinus rhythm (13). It is likely that
some of these patients will show QR complexes during VT.

Dash et al ( 14) found a low sensitivity (29%) but a high specificity (97%) for
a QR pattern of ventricular premature beats as indicative for scarring after a
myocardial infarction. In our study 89% of postinfarction VT had at least one
lead with a QR pattern. It is of interest that in only 60% of these patients the QR
pattern during VT was seen in the same leads showing pathologic Q waves
during sinus rhythm. This is in agreement with the findings of Coumel et al ( 11 ).

However, under some circumstances there may be other reasons for a dis-
crepancy between a QR pattern during ventricular tachycardia and absence of a
Q wave during sinus rhythm like disappearance of a Q wave in an old myocar-
dial infarction or the presence of complete left bundle branch block in sinus
rhythm.

QRS amplitude: Several factors play a role in the amplitude of the QRS
complexes like normal or abnormal spread of activation through the ventricle,
thickness of the ventricular wall and cancellation from ventricular activation
running in opposite directions. In ventricular tachycardia this process is further
complicated by the abnormal site of origin of ventricular activation and (as in
postinfarction VT or right ventricular dysplasia) loss of ventricular muscular
tissue.

Coumel et al (11) noted a higher total QRS amplitude in the extremity leads
in patients with idiopathic VT and observed an inverse relation between QRS
amplitude and QRS width. In our patients we found a higher total QRS
amplitude in non-ischemic VT both in right and left bundle branch block shaped
VT with the exception of patients with right ventricular dysplasia. Interestingly,
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and in agreement with the inverse relation between amplitude and QRS width
observed by Coumel (11), the right ventricular dysplasia patients had the widest
QRS complexes of the non-ischemic VT group.

In our patients with a left bundle branch block shaped VT, those with a
non-ischemic etiology had a higher total R amplitude in the extremity leads than
those with postinfarction VT. This was not caused (as shown in Fig 1) by a
higher incidence of a normal or inferior axis in the non-ischemic VT group.

Total R wave amplitude in the precordial leads was found to be helpful in
making the distinction between postinfarction and non-ischemic VT. In the
non-ischemic VT population this finding was primarily caused by the patients
having ventricular activation starting at the ventricular insertion of a left free
wall or posteroseptal accessory atrio-ventricular pathway. Under those cir-
cumstances the ventricular activation front moves towards the anterior chest
leading to a positive concordant QRS pattern in the precordial leads. In postin-
farction VT this is only seen if the VT site of origin is located in the posterobasal
wall of the left ventricle. This was present in four of our postinfarction VT
patients. It is of interest that in these four patients the total R wave amplitude
measured 130 ± 30 (range 103-151) mm. In the accessory pathway patients with
positive concordant pattern in the precordial leads the total R wave amplitude
measured 143 ± 32 mm (range 101-189) (NS).

Local activation times.

Several authors (5,9,10) found that in precordial leads showing initial positivity
the time interval from the beginning of QRS to the peak of the R wave is longer
in VT than in aberrant conduction.

It is of interest that In right bundle branch block shaped VT the time from
onset QRS to summit R wave in lead VI did not differ significantly between
postinfarction and non-ischemic VT.

However in lead V6 there was a longer interval from onset QRS to nadir of S
wave in postinfarction as compared to non-ischemic VT. In fact a distance of
more than 100 msec was only found in postinfarction VT (in 15/44 patients).
This finding reflects longer conduction times from the left to the right ventricle
in postinfarction VT, which can be explained by scarring post- myocardial
infarction.

In left bundle branch block shaped VT the interval from onset QRS to summit
R wave in lead V6 was significantly longer in postinfarction than non-ischemic
VT. A distance of more than 120 msec was only found in patients with
postinfarction VT.
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Limitations of the study

In our study we included patients with preexcited tachycardia with atrioventri-
cular conduction over an accessory pathway. Most people would not call these
tachycardias a ventricular tachycardia because the origin of the tachycardia is
not in the ventricle but either in the atrium (as in atrial flutter or atrial tachycar-
dia) or the tachycardia is based upon a circus movement tachycardia with
atrioventricular conduction over the accessory pathway (antidromic circus
movement tachycardia). We did include them because like in true ventricular
tachycardia, ventricular activation starts in the ventricle outside the specific
conduction system. Only those patients were accepted if the electrophysiologi-
cal study showed that ventricular activation started at the ventricular end of the
accessory pathway only, without contribution to ventricular activation from
atrio- ventricular conduction over the AV-node-His bundle axis.

In 34 patients with preexcited tachycardia (29 with left free wall and 5 with
posteroseptal accessory pathways) ventricular activation started in the postero
basal or postero-lateral portion of the left ventricle. These patients played an
important role in the finding of a total precordial R wave amplitude of more than
80 mm as pointing to a non-ischemic VT. We considered of importance to
include antidromic tachycardias especially those arising from the posterior-
basal portion of the left ventricle because can be difficult to differentiate them
from ventricular tachycardias originate from the same region.

Only patients were included if they were not receiving antiarrhythmic drugs
at the time of the registration of their VT electrocardiogram. Drugs that slow
conduction, for example class IA and IC drugs, will obviously affect some of
the parameters that were analyzed, for example the time interval from the
beginning of the QRS to the summit of the R wave or to the nadir of the S wave.
This should be considered when VT electrocardiograms are analyzed.

As already mentioned in discussing the significance of a QR pattern during
VT, another limitation of our study is that our non-ischemic VT patients did not
include patients with cardiomyopathy or infiltrative or infectious myocardial
disorders.

: the electrocardiogram during ventricular tachycardia may show
features that suggest an postinfarction or non-ischemic etiology. With the
exception of the QR pattern the other parameters show significant overlap
indicating that only their presence can be used as suggestive for an postinfarction
or non-ischemic etiology of VT.
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Identification of patients at high risk for recurrence of
sustained ventricular tachycardia after healing of acute
myocardial infarction

Abstract

A prognostic index for non-fatal VT recurrences was developed using a retro-
spective analysis in a group of 206 patients with sustained monomorphic VT or
ventricular fibrillation (VF) after healing of acute myocardial infarction. 74/206
(36%) (64 VT patients and 10 VF patients) had recurrences of sustained mono-
morphic VT during 3.4 ± 9 years of follow-up. Three clinical variables were
selected and weighted by stepwise logistic discriminant analysis of the study
group. They were coded as follows: interval myocardial infarction-arrhythmia
(< 2 months = 1,2 to 6 months = 2, > 6 months = 3), drug therapy: sotalol, or no
sotalol (sotalol = 1, no sotalol = 2), and VT or VF as the presenting arrhythmia
(VT = 1, VF = 2). The prognostic index was: 3.41 - (0.56 x interval) - (1.94 x
therapy) + (0.86 x arrhythmia). This prognostic index was validated prospective-
ly in a test group of 158 consecutive patients with VT or VF after healing of
acute myocardial infarction. Patients were allocated into different classes with
decreasing prognostic index values, associated with increasing risk for VT
recurrences. In the test group 27/158 (17%) (22 VT patients and 5 VF patients)
had recurrences (follow-up 2 ± 2 years). Two risk classes of patients were
identified: one with high risk for VT recurrences (61%) corresponding to
patients with negative index, and one of low risk (4% of recurrences) consisting
of patients with a positive index. Thus, using 0 as cut-off point the sensitivity,
specificity, and positive and negative predictive values were respectively: 81%,
89%, 62%, and 96%. This prognostic index my be used in selecting treatment
of patients with severe ventricular arrhythmias, after healing of acute myocardial
infarction



Introduction

Electrophysiologic testing has been reported to be of value to predict survival in
patients with ventricular tachyarrhythmias (1) and of patients resuscitated from
out-of-hospital cardiac arrest (2-4). Less attention has been given to the iden-
tification of patients at high risk of recurrences of non-fatal VT after healing of
acute myocardial infarction (5). The present study was precisely aimed at
evaluating clinical information likely to discriminate between patients at low
risk and those at high risk of developing recurrences of VT after healing of acute
myocardial infarction. By retrospective analysis of VT/VF patients with and
without VT recurrences a prognostic index was developed to be used for
identifying patients with VT/VF after healing of acute myocardial infarction at
high risk of developing VT recurrences in the future. The value of this prognos-
tic index was tested thereafter in a different group of patients with the same
clinical problem.

Patients and Methods

The study group (Maastricht) comprised 206 consecutive patients with a healed
myocardial infarction: 154 patients had had electrocardiographically docu-
mented sustained monomorphic VT and 52 patients from VF. In all patients the
first episode of their arrhythmia occurred > 3 days after infarction. The mean age
was 59 ± 9 (38-79) years, 172 were men and 34 women. The test group consisted
of 158 consecutive patients, 80 with sustained monomorphic VT and 78 patients
with VF. They were admitted to the University Hospital of Heidelberg during
the same time period as the Maastricht patients. The mean age in this group was
59 ± 8 (27-81 years). 149 were men. Apart from the history and the physical
examination data were available on exercise testing, coronary and left ventri-
cular angiography and programmed electrical stimulation. Left ventricular ejec-
tion fraction was measured either invasively (85%) or non-invasively (15%)
(echocardiography or nuclear). As previously reported from our institution,
there is a good correlation between the echocardiographic, angiographie and
nuclear determination of the ejection fraction (6). Left ventricular aneurysm was
defined as one or more circumscribed segments of dyskinesia identified either
by contrast ventriculography or echocardiography.

All patients received antiarrhythmic drug therapy. No patient was treated with
arrhythmia surgery or an implantable defibrillator. In the study group therapy
was given while the "Parallel approach" was followed. This approach has been
described in detail elsewhere (7). Briefly, patients admitted with an episode of
VT or VF were continuously monitored in the coronary care unit. After washout
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Table I. Characteristics of the two groups of patients

No. Patients
Age (mean)
Male / Female
Anterior MI
Multiple MI
LV Aneurysm

LV ejection fraction (mean)
3 vessel disease
VT
VF
Sotalol
Interval Mi-Arrhythmia
< 2 months
> 2 months
Exercise related arrhythmia

Study group

206
59
172/34
73 (35%)
45 (22%)
99 (48%)

35 ±11
51 (24%)
154(74%)
52 (25%)
15 (7%)

98 (47%)
108 (52%)
17 (8%)

Test group

158
59
149/9
86 (54%)
50(31%)
64 (40%)

38 ±10
39 (24%)
81 (51%)
77 (48%)
34(21%)

58 (37%)
100 (63%)
21 (13%)

p Value

NS
< 0.003
< 0.001
NS
NS
<0.02
NS
< 0.001
< 0.0001
< 0.001

<0.04
NS
NS

Abbreviations: MI = myocardial infarction, VF = ventricular fibrillation, VT = ventricular
tachycardia.

of antiarrhythmic drug therapy (if present) patients underwent baseline studies
including: exercise testing, echocardiography and programmed electrical
stimulation. These tests were repeated after institution of antiarrhythmic drug
therapy which was selected empirically. Antiarrhythmic therapy was continued
until a spontaneous recurrence of the ventricular arrhythmia was observed.
Inducibility of an arrhythmia during programmed electrical stimulation did not
influence the antiarrhythmic drug regimen. Only spontaneous recurrences of the
VT/VF during the treatment period was reason to change the antiarrhythmic
drug regimen. In the test group antiarrhythmic drug selection was based upon
serial drug testing (8).

Statistical analysis

Seven clinical and 4 non-clinical variables were coded. They were: age, history
of > 1 myocardial infarction, NYHA class for angina, anterior location of
myocardial infarction, time interval from myocardial infarction to the first
spontaneous arrhythmia (sustained VT or VF) coded from 1 to 3 (if the arrhyth-
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mia was present before 2 months = 1,2 to 6 months = 2 and after 6 months = 3),
type of arrhythmia ( VT or VF) ( VT = 1, VF = 2) and antiarrhythmic drug therapy
given (amiodarone, propafenone, sotalol, procainamide) (sotalol = 1, no sotalol
= 2), left ventricular ejection fraction, number of coronary arteries involved,
presence or absence of left ventricular aneurysm and finally existence of an
exercise related arrhythmia.

The study group (206 patients) was used to select the most discriminating
variables and to establish a prognostic index. The performance of this index was
validated thereafter on the test group (158 patients). Age and left ventricular
ejection fraction were analyzed as continuous variables. Data were first screened
by univariate analysis for differences between patients with and without recur-
rences of VT. Quantitative variables were tested by t test and nominal findings
by the chi-square test. To discriminate between patients with and without
recurrences of VT on a multivariate level the multiple group logistic discrimina-
tion method was applied (9). Variables were selected in a stepwise manner using
a likelihood ratio criterion distributed as a chi-square test on 1 degree of
freedom. All results were considered to be significant at the 5% level.

Results

Of the 206 patients in the study group, 74 patients (36%) (64 patients and 10
patients from the sustained VT and VF group respectively) had recurrences of
VT after a mean follow-up of 3.4 ± 9 years. In the test group 27/158 patients
(17%) (22 patients and 5 patients from sustained the VT and VF group respec-
tively) had recurrences of VT after a mean follow-up of 2.4 ± 2 years. In the
study group 15 of 206 patients (7%) and in the test group 34 of 158 patients
(21%) were on oral sotalol (80-420 mg). In patients receiving sotalol, recurren-
ces of sustained monomorphic VT were observed in 2/15 patients (13%) in the
study group and 4/34 patients (12%) in the test group. A comparison of the
clinical and non-clinical variables in the two patient populations is given in
Table I.

Prognostic va/«e o/ f/ie c/mic<z/ var/aWes: In the study group the stepwise
variable selection procedure was applied to the 7 clinical and 4 non-clinical
variables. Using this approach 3 clinical variables were retained as the most
predictive of recurrences of VT after healing of acute myocardial infarction. The
time interval from myocardial infarction to first episode of VT or VF was
selected first, having the most powerful prognostic value (< 2 months = 1, 2 to
6 months = 2, > 6 months = 3), (p < 0.001). It was followed by sotalol as
antiarrhythmic drug used, (sotalol = 1, no sotalol = 2), (p < 0.007), and VT as
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the presenting arrhythmia, (VT = 1, VF = 2), p < 0.002). From these 3 clinical
variables a risk index was derived using the following equation: 3.41 - (0.56 x
time interval myocardial infarction VT/VF) - (1.94 x sotalol yes or no) + (0.86
x VT or VF). Negative values (< 0) were associated with a high risk of
recurrences of VT whereas positive values (> 0) predicted a favorable evolution.
For example if a patient has VT as presenting arrhythmia (code = 1 ) 6 months
after myocardial infarction (code = 3) and receives another antiarrhythmic drug
than sotalol (code = 2), the prognostic index for developing VT recurrences is
-1.29 (negative value, high risk for VT recurrences). None of the non-clinical
variables were related to recurrences of VT.

o//ne prognostic «Vu/ex: The index obtained in the study group was
applied to the test group of 158 patients. Among the 36 patients (23% of the
population) with a negative index (high risk for VT recurrences), 22 patients
(61%) actually had recurrences of VT. Of the 122 patients (77%) with a positive
index (low risk for VT) only 5 patients (4%) developed recurrences of VT. In
terms of sensitivity, specificity, positive and negative predictive values, the
index had the following results: 81%, 89%, 62% and 96% respectively.

Discussion

Several studies using invasive parameters have attempted to find predictors for
death in patients with sustained ventricular tachyarrhythmias or cardiac arrest
(1-4). The objective of our study was: 1) to establish a prognostic index for
recurrences of sustained monomorphic ventricular tachycardia in patients with
VT or VF after a previous myocardial infarction from clinical and laboratory
findings, and 2) to validate this prognostic index in a test group.

In our study 3 clinical variables were selected from stepwise logistic dis-
criminant analysis: 1) Time interval from myocardial infarction to sustained VT
or VF, 2) Sotalol as antiarrhythmic drug, and 3) VT as the presenting arrhythmia.
These clinical variables were found to be more predictive for recurrences of VT
than invasive variables or the occurrence of a ventricular arrhythmia during
exercise testing.

A prognostic index based on the variables selected was validated in a test
group, allowing us to identify high risk patients with a predictive value of over
60%.

Selection of antiarrhythmic drug treatment was different in the two groups of
patients. The "Parallel approach" was used in the study group and serial drug
testing in the test group. However irrespective of the approach used, the prog-
nostic index was able to recognize patients at high and low risk for recurrences
of sustained monomorphic VT in both the study and test group.
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0/ tfie f/me /«/erva/ te/w^/î myocaraïa/ in /arcf/on am/
p 0/ arr/ivf/ww/a. The interval from myocardial infarction to the first

episode of a sustained ventricular arrhythmia was the best indicator of recur-
rence of sustained monomorphic VT. Our group has previously shown that a
time interval of < 2 months between myocardial infarction and the appearance
of a sustained ventricular arrhythmia is a good predictor for identifying patients
having a high mortality after a myocardial infarction (10). In another study (5)
we have indicated that the value of this variable to detect patients at high risk of
sudden death after myocardial infarction can be further augmented by adding
other clinical variables such as: the occurrence of circulatory arrest during the
first episode of sustained spontaneous ventricular arrhythmia, a NYHA func-
tional class III for dyspnea and the presence of > 1 previous myocardial
infarction.

Va/ne o/sofa/o/ as anftarrAyf/i/mc aVwg «sea*. Sotalol, a beta blocking agent with
class III antiarrhythmic properties, has been shown to be of short-and long term
benefit in the management of life-threatening ventricular arrhythmias (11-14).
Nadamanee et al (11) have observed that both the prevention of reinduction of
VT/VF by intravenous sotalol and suppression of spontaneously occurring
arrhythmias by the oral drug were predictive of long term drug efficacy.

Ruder et al (12) have studied 65 patients with symptomatic previously drug
refractory sustained VT/VF treated with oral sotalol (80-420 mg) and found an
arrhythmia free incidence at 6 and 12 months follow-up of 54% and 47%,
respectively.

VT as fte presen/mg arr/iytfim/a. This variable augmented the ability to recog-
nize risk for recurrences of sustained VT. In our population, patients who had
VT (154 patients) as the presenting arrhythmia had a higher incidence of
recurrences of VT (41%) than patients with VF (52 patients) (19%) (p < 0.03).

In the VT group 14 patients were on sotalol and only 2/14 patients had VT
recurrences. In VF group only 1 patient was on sotalol and this patient did not
develop VT recurrences.
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Incidence and timing of recurrences of sudden death
and ventricular tachycardia during antiarrhythmic
drug treatment in patients with sudden death or
ventricular tachycardia after myocardial infarction

Abstract

Incidence and timing of recurrences of sustained ventricular tachycardia (VT)
or sudden death were studied in 206 patients having survived their first episode
of ventricular fibrillation (VF:52 patients) or sustained VT (154 patients) after
myocardial infarction. All patients were treated with (empirically selected)
antiarrhythmic drugs, with 49 % receiving amiodarone. After a mean follow-up
of 36 months, 64 patients in the VT group (41%) and 10 patients (19%) had
non-fatal VT recurrences. Sudden death occurred in 22 (14%) and 9 patients
(17%) in the VT and VF groups respectively.

Incidence of sudden death showed 2 peaks at around 3 and 12 months.
Non-fatal VT recurrences were more frequent (most commonly occurring in the
first 6 months) in the VT group as compared to the VF group. In only 10% of
patients having survived 1 year, sudden death occurred during the next 3 year.
Comparison between patients having a left ventricular ejection fraction < 40%
to > 40% revealed a much higher incidence of sudden death in patients with left
ventricular ejection fraction < 40% (28/65 vs 3/141 ;p < 0.0001) but no relation
between left ventricular ejection fraction and non-fatal VT recurrences.

Introduction

The long-term treatment of life-threatening ventricular arrhythmias outside the
acute phase of myocardial infarction remains a major challenge. Follow-up of
these patients reveals that many of them die suddenly or suffer from non-fatal
arrhythmia recurrences. This has been well documented for patients with out-of
hospital sudden death and patients known with sustained VT (1-7). Less is
known about the time course of recurrences of sudden death and sustained VT
in those patients. To obtain that information we retrospectively analyzed 206
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patients who had suffered from a well documented episode of sustained VT or
ventricular fibrillation (VF) late after a myocardial infarction and who were
treated with antiarrhythmic drugs only.

Patients and Methods

Two hundred and six consecutive patients, who had suffered from a myocardial
infarction in the past and either developed a VT (154 patients) or resuscitated
from VF (52 patients) were included in this study. The mean age of these patients
was 59 ± 9 years and 58 ± 12 in the VT and VF group respectively. In the VT
group 129 patients were men and 25 patients were women. In the VF group 43
patients were men.

Evaluation of these patients during their hospital admission included the
clinical history, physical examination, 12-lead electrocardiogram, long-term
electrocardiographic monitoring, exercise-testing and programmed electrical
stimulation of the heart while off and on antiarrhythmic drug treatment. Left
ventricular ejection fraction was obtained using various techniques including
nuclear or contrast angiography and 2-dimensional echocardiography. Coronary
angiography was either performed at our institution or done in the referring
hospital.

Antiarrhythmic drug therapy was not selected by serial drug testing but
empirically because patients were included in the "Parallel study". This ap-
proach has been described in detail elsewhere (8). Briefly, patients admitted with
an episode of VT or VF were continuously monitored in the coronary care unit.
After washout of antiarrhythmic drug therapy (if present) patients underwent
baseline studies including: exercise testing, echocardiography and programmed
electrical stimulation. These tests were repeted after institution of antiarrhyth-
mic drug therapy which was selected empirically. Antiarrhythmic therapy was
continued until a spontaneous recurrence of the ventricular arrhythmia was
observed. Inducibility of an arrhythmia during programmed electrical stimula-
tion did not influence the antiarrhythmic regimen. Only spontaneous recurrences
of the VT/VF during the treatment period was reason to change the antiarrhyth-
mic drug regimen. Patients were followed-up at our out-patient clinic at regular
intervals. The mean follow-up was 36 (range 1-108) months.

Definitions

Sudden deaf/i: Sudden unexpected death occurring within 1 hour of onset of
symptoms.
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arr/ryr/i/mc rfear/i: Death caused by a recurrent arrhythmia, even when
death occurred more than 1 hour, after the onset of arrhythmia,
/tecurre/i/ vertfncw/ar fac/ryca«fra: A sustained monomorphic ventricular
tachycardia occurring spontaneously out-of-hospital during follow-up.

Statistical analysis

Continuous data are expressed as mean ± standard deviation. Comparison of the
clinical characteristics between subgroups were made by chi-square test using
Yates correction when appropriate. Predictive values (p value) < 0.05 were
considered significant. Kaplan Maier actuarial curves (9) for sudden death and
non-fatal VT recurrences were constructed. Actuarial recurrences for sudden
death and non-fatal VT recurrences for the VT and VF group were compared
between groups using Wilcoxon and Logrank test.

Results

The clinical and angiographie characteristics of VT and VF patients groups are
shown in tables I and II. Sustained VT while off antiarrhythmic drug therapy
could be induced in 140/154 (91%) in the VT group and in 43/52 (83%) in the
VF group.

Antiarrhythmic drug therapy

One hundred and one patients (49%) were taking amiodarone (mean dose 260
mg) alone or in combination, 15 patients (7%) received sotalol (range 40 to 420
mg/day), 33 patients (16%) propafenone (range 450 to 900 mg/day), 10 patients
(5%) procainamide (range 750 to 3000 mg/day), 1 patient quinidine (range 1200
to 1600 mg/day), 4 patients disopyramide, (range 300 to 600 mg/day), 10
patients (5%) flecainide (range 100 to 200 mg/day), 3 patients aprindine, (range
50 to 150 mg/day), mexilitine (range 200 to 300 mg), 4 patients and 5 patients
were on bepridil (range 200 to 600 mg). Nine patients (4%) had no antiarrhyth-
mic drug therapy and the remaining 11 patients (5%) were taking a combination
of antiarrhythmic drugs. (Table Ilia).

Non-fatal recurrences occurred in 36/101 (36%) in patients treated with
amiodarone and 38/105 (36%) in patients treated with another antiarrhythmic
drug (p NS). (Table Illb)
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Table I. Clinical characteristics of the patients studied.

Age (years)
Male:Female

Symptoms of clinical arrhythmia
minimal
syncope
cardiac arrest

NYHA dyspnea
class I
class II
class III

NYHA angina
Class I
class II
class III

Time interval MI-VT/VF
> 2 months
< 2 months

Location of MI
anterior
multiple sites

LVEF (mean) (%)

VT

59 ±9
129:25

64 (42%)
90 (58%)

52 (34%)
67 (44%)
35 (22%)

77 (50%)
42 (27%)
35 (23%)

89 (57%)
66 (43%)

53 (34%)
33 (22%)

36 ±7

VF

58 ±12
43 :9

52(100%)

12(23%)
17(33%)
23 (44%)

30 (58%)
12(23%)
10(19%)

19(37%)
33 (63%)

20 (38%)
12(23%)

30 ±10

p value

NS

NS
NS
< 0.009

C
O

 
C

O
 

C
O

Z
 

Z
 

Z

< 0.007
<0.02

NS
NS

< 0.005

Abbreviations: F = female, LVEF = left ventricular ejection fraction, M = male, MI
myocardial infarction, VF = ventricular fibrillation, VT = ventricular tachycardia.

Of the 206 patients, 171 underwent programmed electrical stimulation while
on antiarrhythmic drugs: 122/171 (71%) were inducible and 49/171 (29%) were
not inducible. Non-fatal VT recurrences occurred in 49/122 (40%) of inducible
patients and 16/49 (33%) in non-inducible patients (p NS). Sudden death
occurred in 18/122 (17%) of inducible patients and 8/49 (16%) of non-inducible
patients (p NS).
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Table II. Angiographie data

VT VF p value

Number of coronary arteries narrowed
> 50% in diameter
1 78 (50%)
2 48(31%)
3 21 (14%)
unknown 7 (5%)
LVEF < 40% 49 (32%)
LVEF > 40% 105 (68%)
LV Aneurysm 69 (45%)

7 (14%)
12(23%)
30 (58%)
3(5%)

16(31%)
36 (69%)
30 (58%)

< 0.008
NS
< 0.0001
NS
NS
NS
NS

Abbreviations:LVEF = left ventricular ejection fraction, VT = ventricular tachycardia, VF :
ventricular fibrillation.

Non-fatal VT recurrences

After a mean follow-up of 36 months, 64 patients in the VT group (41%) and 10
patients in the VF group (19%) had non-fatal recurrences of a sustained ventri-
cular tachycardia. These recurrences occurred more frequently in the first 6
months in the VT group as compared to the VF group (Wilcoxon 0.03) (Fig 1)

Actuarial curves for non-fatal recurrences of sustained VT for the VT and VF
group were constructed and are shown in Fig. 2. At 1, 2, 3, 4 and more years,
non-fatal recurrences occurred at rate of 10%, 12%, 13%, 7% and 4% of the
patients respectively in the VT group and 13%, 5%, 8%, 0% and 4% of the
patients in the VF group.

A second VT recurrence was observed in 27 patients (17%) and in 3 patients
(1.5%) in the VT and VF group respectively. Third VT recurrence occurred in
7 patients (3%) in the VT group. Fourth recurrence was present in only one
patient from the VT group. No patient from the VF had no more than 2
recurrences.

In regard to left ventricular ejection fraction, non-fatal VT recurrences were
observed in 20 of 65 patients (31%) with a left ventricular ejection fraction of
< 40% and in 54 of 141 patients (38%) having a left ventricular ejection fraction
> 40% (p NS).
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Table Ilia. Antiarrhythmic drug treatment

Antiarrhythmic drug

Type IA *
Type IB **
TypeIC ***
Type IV ****
Amiodarone
Amiodarone + combination
Sotalol
Combination
no drugs

Patients

15 (7%)
7 (3.5%)

43(21%)
5 (3%)

70 (34%)
31 (15%)
15 (7%)
11 (5.5%)
9(4%)

* Procainamide, quinidine, disopyramide; ** Mexilitine, aprindine; *** Flecainide, propafe-
none; **** Bepridil

Table Illb. Antiarrhythmic drug and non-fatal. Ventricular tachycardia recurrences

Antiarrhythmic drug VT recurrences (No. patients)

Amiodarone
Amiodarone + combination
TypeIA
Type IB
TypeIC
Type IV
Sotalol
Combination

30
6
7
4

16
2
2
7

pNS

Sudden death

Twenty two patients (14%) in the VT group and 9 patients in the VF group
(17%) (NS) died suddenly. The VT group showed 2 peaks at 3 and 12 months
and the VF group at 3 months and around 18 months. In patients having survived
1 year, sudden death occurred in only 10% during the next 3 years.
Actuarial curves for sudden death in the VT and VF group are shown in figure
4. At 1, 2,3,4, and 5 years sudden death occurred at rates of 10%, 6%, 2%, 2%,
0% respectively in the VT group. In the VF group these numbers were 12%, 6%,
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Figure 1: Curves representing the timing of sudden death (interrupted
line) and non-fatal VT recurrences (solid line) in patients who had sus-
tained VT as their first arrhythmic event.
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Figure 2: Kaplan-Meier curves for non-fatal recurrences in patients with
VF (interrupted line) and VT patients (solid line).

4%, 0%, 0%. Although the incidence of sudden death was higher in the VF
group there were no statistical significance with the VT group (Wilcoxon 0.10)
(Fig 4).

According to the left ventricular ejection fraction, sudden death occurred
more often in patients having an ejection fraction of < than 40% (28/65 = 43%),
than in patients with an ejection fraction > 40% (3/141 = 2%) (p<0.0001).
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Figure 3: Curves showing the timing of sudden death (interrupted line)
and non-fatal VT recurrences (solid line) in patients who had VF as their
first arrhythmic event
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Figure 4: Kaplan- Meier curves for sudden death in patients with sustained
VT (solid line) and VF (interrupted line)

Arrhythmic events (non-fatal VT recurrences and sudden death) were present
in similar rates in responders (non-inducible or non-sustained VT during
programmed electrical stimulation on drugs and no arrhythmic events) 16/33
(48%) than no responders (inducible and arrhythmic events) 29/54 (53%) (p NS)
treated with amiodarone.
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Discussion

The first studies in the early 1970s in out-of-hospital cardiac arrest survivors
reflect the poor prognosis of patients with coronary heart disease and cardiac
arrest outside acute myocardial infarction. These studies reported recurrence
rates of 30% to 36% in the first year, decreasing to 10% to 15% in the second
year. More recently 2 studies in which patients were on long-term antiarrhyth-
mic drug therapy guided by electrophysiologic testing have demonstrated an
improvement in cardiac arrest recurrences with 14% at 1 year and 22% at 3 years
(10-12). In these studies recurrences rates for cardiac arrest showed 2 phases: a
early and late phase, the cumulative recurrence rate was 10% to 15% in the first
year, decreasing to 5% in the following year (11,12).

Furukawa et al.(13) found recurrent cardiac arrest in patients with chronic
coronary artery disease who had survived out-of-hospital cardiac arrest in the
absence of acute myocardial infarction to have an incidence of 14%, 6.5%, 1.6%
and 1.8% at 1,2, 3 and 4 years with an cumulative actuarial rate at 4 years of 24
± 5%. In that study most patients were on antiarrhythmic drugs with only a small
group of patients treated with antiarrhythmic surgery or an automatic implant-
able defibrillator.

Swerdlow et al (6) have reported actuarial curves for sudden death at 6
months, 1, 2, and 3 years occurring at a rate of 12%, 17%, 25%, and 36%
respectively. However, in their study they also included patients with valvular
disease and no structural heart disease. Winkle et al (14) have reported actuarial
curves for sudden death in patients receiving an automatic implantable defibril-
lator of 0.9%, 3.1%, 4.4%, 4.4% and 4.4% at 1, 2, 3,4 and 5 year respectively.
They found an extremely low 1 and 2 year sudden death rate in patients receiving
the automatic implantable defibrillator.

Our population which was treated with antiarrhythmic drug therapy only also
showed a peak of sudden death at 3 months. A second peak in sudden death was
observed at 12 months in the VT and 18 months in the VF group. In patients
having survived 1 year sudden death occurred in only 10% during the next 3
years. Actuarial curves for sudden death showed rates of 10%, 6%, 2%, 0%, 0%
in the VT group and 12%, 6%, 4%, 0%, 0% in the VF group at 1, 2, 3, 4 and 5
years respectively. Sudden death occurred more often in the VF group but the
difference was not statistically significant.

Our results are similar to those reported after 1 (12% vs 14%) and 4 years
(22% vs 24%) by Furukawa et al. (12).

So far little attention has been given to the time course of non-fatal recurren-
ces of ventricular tachycardia. In our population consisting of coronary artery
disease patients only and of whom 49% were treated with amiodarone, non-fatal
VT recurrences were more often seen in the first 6 months (Fig 1 and 2). As
shown in Fig 2 the actuarial curves indicate a similar incidence of non-fatal VT
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recurrences in the VT and VF group during the first 2 years. Thereafter more VT
recurrences were observed in the VT group. Herre et al. (15) reported a recur-
rence rate of ventricular tachycardia or fibrillation at 1,2, 3, 4, 5 years of 19%,
7%, 7%, 8% and 2% respectively (cumulative rate at 5 years of 43%). However
their patients included not only those with coronary artery disease, but also
patients with no structural heart disease and right ventricular dysplasia. All
patients were treated long-term with amiodarone.

Comparison of long-term outlook of VT and VF patients

Our data indicate that in a group of patients with the same etiology of heart
disease a higher incidence of sudden death was present in the VF as compared
to the VT group. It also shows that if 1 year has subsided after an episode of
sustained VT or VF after myocardial infarction risk of dying suddenly is
relatively small. That information can be of help in selecting type of antiarrhyth-
mic therapy in patients who have suffered from VT/VF outside the acute phase
of a myocardial infarction.



References

1. Liberthson RR, Nagel EL, Hirschman JC, Nussenfeld SR. Prehospital ventricular fibril-
lation. Prognostic and Follow-up course. N Engl J Med 1974;291:317-321

2. Baum RS, Alvarez III H, Cobb LA. Survival after resuscitation from out-of-hospital
ventricular fibrillation. Circulation 1974;50:1231 -1235

3. Cobb LA, Baum RS, Alvarez HI H, Schaffer WA. Resuscitation from out-of-hospital
ventricular fibrillation: 4 years follow-up. Circulation 1975;51:223-235

4. Schaffer WA, Cobb LA, Recurrent ventricular fibrillation and modes of death in sur-
vivors of out-of-hospital ventricular fibrillation. N Engl J Med 1975;293:259-262

5. Graboys TB, Lown B, Podrid PJ, Desilva R. Long-term survival of patients with
malignant ventricular arrhythmia treated with antiarrhythmic drugs. Am J Cardiol
1982;50:437-443

6. Swerdlow CD, Winkle RA, Mason JW. Determinants of survival in patients with
ventricular tachyarrhytmias. N Engl J Med 1983;308:1436-1442

7. Willems AR, Tijssen JGP, Van Capelle FJL, Kingma JH, Hauer RNW, Vermeulen FEE,
Brugada P, Van Hoogenhuyze DCA, Janse MJ. Determinants of prognosis in
symptomatic ventricular tachycardia or ventricular fibrillation late after myocardial
infarction. J Am Coll Cardiol 1990; 16:521-530

8. Brugada P, Wellens HJJ, Need and design of a prospective study to asses the value of
different strategic approaches for management of ventricular tachycardia or fibrillation.
Am J Cardiol 1986;- 57:1180-1184

9. Kaplan EL, Meier P. Nonparametric estimation from incomplete observations. J Am Stat
Assoc 1958;53:457-481.

10. Myerburg RJ, Kessler KM, Zaman L, Trohman RG, Fernandez P, Castellanos A. Factors
leading to decreasing mortality among patients resuscitated from out-of-hospital cardiac
arrest. In: Brugada P, Wellens HJJ eds. Cardiac Arrhythmias. Where to Go From Here?.
New York: Futura, 1987:505-525.

11. Myerburg RJ, Kesseler KM, Estes D, Conde CA, Luceri RM, Zaman L, Koslovskis PL,
Castellanos A, Long-term survival after prehospital cardiac arrest. Analysis of out come
during 8 years study. Circulation 1984;70:538-546

12. Wilbert DJ, Garan H, Finkelstein D, Kelly E, Newell J, McGoveren B, Ruskin JN.
Out-of-hospital cardiac arrest: Use of electrophysiologic testing in the prediction of
long-term outcome. N Engl J Med 1988;318:19-24

13. Furukawa T, Rozanski JJ, Nogami A, Moroe K, Gosselin AJ, Lister JW. Time-dependent
risk of and predictors for cardiac arrest recurrences in survivors of out-of-hospital cardiac
arrest with chronic coronary artery disease. Circulation 1989;80:599-608

14. Winkle RA, Mead RH, Ruder MA, Gaudiani VA, Smith NA, Buch Ws, Schmidt P,
Shipman T. Long-term outcome with automatic implantable cardioverter-defibrillator. J
Am Coll Cardiol 1989; 13:1353-1361.

15. Herre JM, Sauve MJ, Malone P, Griffin JC, Helmy I, Langberg JJ, Goldberg H,
Scheinman MM. Long-term results of amiodarone therapy in patients with recurrent
sustained ventricular tachycardia or ventricular fibrillation. J Am Coll Cardiol
1989;13:442-449

116



Induction of ventricular fibrillation, but not of
sustained monomorphic ventricular tachycardia
predicts sudden death in patients on
amiodarone treatment because of ventricular
tachyarrhythmias after myocardial infarction

Luz-Maria Rodriguez, MD, Eduardo B. Stemick, MD,
Joep LRM Smeets, MD, Carl Timmermans, MD, Karel den Dulk,
MD, Giuseppe Oreto MD, Hein JJ Wellens, MD,

>>ni "to sonaads

Presented af r/ic 4irrfy4«n«a/ Sa'en»/ïe Sess/on o
y, AfarcTi ii-77,7994, i4r/anto, Georgia,

//ca»'on m C/'rcM/a«o/j, 7994

117



Induction of ventricular fibrillation, but not of
sustained monomorphic ventricular tachycardia
predicts sudden death in patients on amiodarone
treatment because of ventricular tachyarrhythmias
after myocardial infarction

Abstract

i: Previous studies suggest that programmed electrical stimulation
does not accurately predict recurrences of sustained ventricular tachycardia or
ventricular fibrillation during amiodarone therapy.
/*afie/if.y a/ui Mef/jocfa: One hundred and six patients with clinically documented
sustained monomorphic ventricular tachycardia (77 patients) or ventricular
fibrillation (29 patients) were studied. All patients had been on amiodarone for
at least 1 month. The endpoints of stimulation (using 3 basic pacing rates, and a
maximum of 3 extrastimuli) were: induction of sustained monomorphic ventri-
cular tachycardia, ventricular fibrillation or completion of the protocol.
/tesM/ta: Eighty out of the 106 patients had either ventricular fibrillation (15
patients) or sustained monomorphic ventricular tachycardia (65 patients) in-
duced. After a mean follow-up of 50 ± 40 months (1-144), 13 patients either died
suddenly ( 11 patients) or used their defibrillator (2 patients). By multivariate
analysis two predictors for sudden death were found: 1) inducibility of
ventricular fibrillation under amiodarone treatment (p < 0.0001) and 2) a left
ventricular ejection fraction < 40% (p < 0.05). Actuarial curves for sudden death
were constructed for induced ventricular fibrillation, sustained monomorphic
ventricular tachycardia and absence of induced sustained arrhythmias. The
survival rate at 1, 2, 3 and 5 years was; 70%, 62%, 62% and 40% respectively
for patients in whom ventricular fibrillation was induced and 98%, 96%, 94%,
94% for patients with induced sustained monomorphic ventricular tachycardia.
In the no sustained arrhythmia group five year survival was 100%.
CO/IC/MHO/I: In patients receiving amiodarone because of life-threatening ventri-
cular arrhythmias after myocardial infarction inducibility of ventricular fibrilla-
tion, but not of sustained monomorphic ventricular tachycardia indicates high
risk for dying suddenly
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Introduction

Studies in the early eighties suggested that programmed electrical stimulation
can not accurately predict recurrences of ventricular tachycardia/ventricular
fibrillation during amiodarone therapy ('"*). That resulted in the suggestion to
treat high risk patients with amiodarone empirically without the aid of invasive
testing (*).

More recently, the prognostic value of programmed electrical stimulation in
the evaluation of amiodarone treatment for ventricular tachyarrhytmias has
again been analyzed (^"'̂ ).

Parameters helpful to predict ventricular tachycardia recurrence and sudden
death in those studies included: persistent ability to induce the clinical arrhyth-
mia, a change in the mode of induction, and modifications of the index arrhyth-
mia as changes in rate and hemodynamic tolerance while the patient was on
amiodarone.

The purpose of our study was to reexamine the value of programmed electri-
cal stimulation of the heart in predicting sudden death in patients receiving
amiodarone because of ventricular tachyarrhythmias after myocardial infarc-
tion.

Patients and Methods

Patients
The study population consisted 106 consecutive patients, 92 males and 14
females with myocardial infarction and ventricular tachyarrhythmias treated
with amiodarone in whom a programmed electrical stimulation study was
performed while on amiodarone. The mean age was 60 ± 9 (38-84) years.
Seventy seven patients had documented sustained monomorphic ventricular
tachycardia and 29 patients were resuscitated from ventricular fibrillation. Of
the 77 patients with ventricular tachycardia six had to be resuscitated from
cardiac arrest.

Evaluation of these patients on admission included clinical history, physical
examination, 12-lead electrocardiogram, long term-electrocardiographic
monitoring, exercise testing and programmed electrical stimulation while off
antiarrhythmic drugs (fourteen patients) and on amiodarone in one hundred and
six patients. Left ventricular ejection fraction was obtained using various tech-
niques including nuclear or contrast angiography and 2-dimensional echocar-
diography. Previously given antiarrhythmic drugs had been empirically selected
(not by serial drug testing).
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Information on symptoms during the arrhythmia number of previous antiar-
rhythmic drugs, infarct location, number of involved coronary arteries disease
left ventricular ejection fraction and presence of left ventricular aneurysm is
given in Table 1.

Amiodarone Therapy
Amiodarone was given after prior antiarrhythmic drug therapy had failed in all
but 14 patients. In 86 patients failure was due to recurrent spontaneous ventri-
cular arrhythmias and in 6 because of side effects of the antiarrhythmic agent.
Before amiodarone treatment, 39 patients received a single antiarrhythmic drug,
45 patients 2 antiarrhythmic drugs, 7 patients 3 antiarrhythmic drugs and the
remaining patient 4 antiarrhythmic drugs. In 14 patients amiodarone was given
as first choice because of the concomitant presence of atrial fibrillation.

Oral amiodarone loading dose consisted of 1 gr/day during 1 week. Thereafter
a maintenance dose of 200 mgr per day was given. All patients had a baseline
chest X-ray and kidney, liver and thyroid function tests. These tests were
repeated every six months.

Electrophysiologic examination
At the time of electrophysiologic study, all patients had been on oral amiodarone
for at least 1 month ( 1 to 48, mean 8.21 ± 12.5 months).

The end points of programmed ventricular stimulation were: induction of
sustained monomorphic ventricular tachycardia, ventricular fibrillation or com-
pletion of the protocol.

The ventricular pacing protocol used for ventricular tachycardia induction has
been described in detail elsewhere ('•*). Briefly, single and double premature
ventricular stimuli were introduced at the right ventricular apex during sinus
rhythm and at ventricular pacing cycle lengths of 600, 500,430 msec, scanning
the diastole to ventricular refractoriness. If sustained monomorphic ventricular
tachycardia or ventricular fibrillation was not induced a third extrastimulus was
introduced during sinus rhythm and repeated at all three different paced cycle
lengths.

Follow-up
The patients were followed-up at our out-patient clinic at regular intervals. The
end points of the follow-up were: recurrence of symptomatic sustained ventri-
cular tachycardia, or death either sudden or due to other causes.
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Table l.Clinical data from the 106 patients studied.

Clinical data

Age (yr)
Sex (male/female)

Type of arrhythmia:
Sustained monomorphic VT
Ventricular fibrillation

Symptoms during arrhythmia:
Dizziness
Syncope
Cardiac arrest

Number of previous antiarrhythmic drugs
1
2
>3

Myocardial infarction location:
Anterior
Inferior
Multiple

Number of involved coronary arteries
> 50% in diameter:

1
2
3

< 50% in diameter

Left ventricular ejection fraction (mean %)

Left ventricular ejection fraction (%)
<40%

>40%

Left ventricular aneurysm

6O±9(38-84)
92/14

77
29

43
28
35

39
45

8

54
34
18

34
35
34
3

33 ±10 (15-61)

79
27

55

Abbreviations: VT = ventricular tachycardia.
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Definitions
/tecwrrenf venfricw/ar fac/rycaniia: was defined as a sustained monomorphic
ventricular tachycardia occurring spontaneously out-of hospital.
Susfam^i ve«rr/c«/ar tac/iycard/a.- was defined as a ventricular tachycardia
lasting at least 30 seconds or requiring cardioversion because of hemodynamic
intolerance.
Sudden dea//i: sudden unexpected death occurring within 1 hour of onset of
symptoms.
Ve/ifncH/a/* /ïô/ïV/af/o/i: was defined as a rapid ventricular rhythm without
identifiable beginning or end of the QRS complex and the T wave and leading
to hemodynamic collapse.

Statistical Analysis
Statistical analysis was performed using the SAS statistical software package
('*). Clinical, hemodynamic and electrophysiologic variables considered
relevant to the long-term outcome (as described in table 1) were studied by
univariate and multivariate analysis using the Cox hazard model ("). Age was
analyzed as a continuous variable. To compare outcome based on the findings
at electrophysiologic study, life tables were constructed for sudden death and
non-sudden cardiac death and compared between groups using the Wilcoxon
and log-rank statistic. Quantitative variables were tested by f test and nominal
findings by the chi-square test. Continuous variables are expressed as the mean
± standard deviation. P values of < 0.05 were considered as significant.

Results

Electrophysiologic study on amiodarone
Sustained ventricular arrhythmias were induced in 80 out of 106 patients (75%).
Sustained monomorphic ventricular tachycardia was induced in 65 patients and
ventricular fibrillation in 15 patients. The remaining 26 patients had no sustained
ventricular arrhythmia induced.

Type o/arr/ryfAwi/a: The clinical ventricular arrhythmia (ventricular tachycardia
or ventricular fibrillation) was reproduced during the electrophysiologic study
in 41 patients. A single type of a not clinically documented sustained monomor-
phic ventricular tachycardia was induced in 19 patients. More than one type of
clinically not documented sustained monomorphic ventricular tachycardia was
induced in the remaining 20 patients.
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Table 2. Relation between the clinical presentation during the index arrhythmia and out-
come.

Index arrhythmia

SMVT

VF

Clinical presentation

Dizziness

N = 43
SD CD
3 5

1

1

NCD
3

NS

Syncope

N = 28
SD CD
3 1

II

= 0.0007

NCD
1

= 0.0001

Cardiac arrest

N = 6
SD CD NCD
1 4 0

1

1

Cardiac arrest
N = 29
6 2 2

No statistic significance for sudden death between groups.
Abbreviations: CD = cardiac death, NCD = non-cardiac death, N = number, SD = sudden
death, SMVT = sustained monomorphic ventricular tachycardia, VF = ventricular fibrilla-
tion.

o/ i/ufoc/ion: Sustained monomorphic ventricular tachycardia and
ventricular fibrillation was induced by one ventricular premature beat in 9 and
2 patients respectively. Forty eight patients had monomorphic ventricular
tachycardia and 8 patients ventricular fibrillation induced by 2 ventricular
premature beats. Eight patients with sustained monomorphic ventricular
tachycardia and 5 patients with ventricular fibrillation required 3 ventricular
premature beats for initiation of the arrhythmia.

Follow-up

Arrhythmic events
During a mean follow-up of 50 ± 40 (range 1-144) months, 29 patients died
(27%). The minimal follow-up period for the living patients was 1 month.
Eleven of the deaths were sudden (10%). Two patients in whom a defibrillator
was implanted and who received appropriate shocks for hemodynamically badly
tolerated ventricular arrhythmias as documented by ventricular interval meas-
urements (ventricular rates of 200 to 230/min) were added to the sudden death
group. Therefore, the total group of sudden death patients was considered to
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consist of 13 patients (11 patients with sudden death + 2 patients needing a
defibrillator shock). Sudden death occurred in 9 patients of the induced ventri-
cular fibrillation group, in 3 patients of the induced sustained monomorphic
ventricular tachycardia group and in 1 patient of the no sustained arrhythmia
group (after 108 months). Twelve patients had non-sudden cardiac death (12%)
due to pump failure (9 patients) or a new myocardial infarction (3 patients). Six
patients had non-cardiac death (6%).

Comparison between the clinical presentation (dizziness, syncope or cardiac
arrest) during the index arrhythmia (sustained monomorphic ventricular tachy-
cardia/ventricular fibrillation) with the outcome of the patients is shown in
Table 2.

The occurrence of stwfcfen death in patients with sustained monomorphic
ventricular tachycardia was not related to the clinical presentation.

To/a/ cardiac death occurred more often in those patients who presented
cardiac arrest due to a sustained monomorphic ventricular tachycardia than in
those presenting only dizziness or syncope and sudden death occurred more
often in patients with ventricular fibrillation than in patients suffering from
sustained monomorphic ventricular tachycardia (20% vs 9%)

The parameters shown in Table 3 were first screened by univariate analysis
for differences between patients with and without sudden death. Thereafter, the
same variables were studied in a multivariate model. Inducibility of ventricular
fibrillation while on amiodarone treatment for at least one month was the only
parameter in the univariate model with statistical significance. Patients with

Table 3. Results of univariate and multivariate analysis: Correlation with sudden death.

Univariate Multivariate

Age
Index arrhythmia SMVT/VF
Time interval myocardial infarction- first
arrhythmic event < 2 months
Cardiac arrest during the index arrhythmia
Myocardial infarction location (anterior vs inferior)
Multiple myocardial infarctions
Left ventricular ejection fraction < 40%
Left ventricular aneurysm
Inducibility of VF versus SMVT on amiodarone
treatment

0.70
0.20

0.77
0.44
0.76
0.80
0.21
0.48

0.75
0.09

0.33
0.07
0.70
0.75
0.05
0.80

< 0.001 < 0.0001

Abbreviations: See Table 2
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sustained monomorphic ventricular tachycardia as presenting arrhythmia had
less ventricular fibrillation induced and a lower incidence of sudden death (p <
0.001 ). Six out of 11 patients (54%) in whom ventricular fibrillation was induced
on amiodarone treatment and in whom the same ventricular arrhythmia was the
index arrhythmia died suddenly.

Stepwise logistic regression analysis of the clinical, hemodynamic and electro-
physiologic data (Table 3) showed that inducibility of ventricular fibrillation (p
< 0.001) and a low left ventricular ejection fraction (< 40%) (p < 0.05) were
independent predictors for sudden death. Syncope or cardiac arrest during the
index arrhythmia and ventricular fibrillation) as the clinical arrhythmia were
found to be of borderline statistical significance (p = 0.07 and 0.09 respective-
ly). Of importance was the finding that inducibility of sustained monomorphic
ventricular tachycardia while on amiodarone was not a predictor for sudden
death.

Actuarial curves for sudden death for patients with induced ventricular fibril-
lation, sustained monomorphic ventricular tachycardia, and no sustained ar-
rhythmias were constructed. The survival rate at 1, 2, 3 and 5 years was: 70%,
62%, 62% and 40% in the induced ventricular fibrillation patients group; 98%,
96%, 94%, 94% in the induced sustained monomorphic ventricular tachycardia
patients groups respectively. Five year survival was 100% in the no sustained
arrhythmia group (Wilcoxon < 0.0001, Log-rank < 0.0001). (Fig 1)

The positive predictive value, specificity and sensitivity for inducibility of
ventricular fibrillation on amiodarone treatment for at least one month was 60%,
94%, 69% respectively.

Interestingly, both ventricular fibrillation as index arrhythmia and the left
ventricular ejection fraction < 40% had a low positive predictive value (6 out of
29 [21%] and 12 out of 79 [15%] respectively).

When non-sudden cardiac death was used as end point, no significant dif-
ferences were found between the three groups (induced ventricular fibrillation
[3 out of 15 patients, induced sustained monomorphic ventricular tachycardia [7
out of 65 patients] and no sustained ventricular arrhythmias [2 out of 26
patients]). The survival rate from non-sudden cardiac death at 1, 3 and 5 years
was: 85%, 71%, 71% in the induced ventricular fibrillation group, 95%, 93%,
83% in the sustained monomorphic ventricular tachycardia group and 96%,
96%, 96% in the no sustained ventricular arrhythmias group respectively. (Fig
2)

Non-fatal recurrent ventricular tachycardia was observed in 49 patients
(46%). Forty two patients had sustained monomorphic ventricular tachycardia
and 7 ventricular fibrillation as their index arrhythmia.
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Figure 1: Survival curves showing the percent of patients free from sudden death in relation
to the arrhythmia induced during amiodarone treatment. NSVA = no sustained ventricular
arrhythmias, SMVT = sustained monomorphic ventricular tachycardia, VF = ventricular
fibrillation. The numbers at the bottom of the graph indicate the number of patients who
remained available for analysis at each year follow-up period.

Surgery
During follow-up, 18 patients underwent coronary artery bypass surgery be-
cause of new ischemia. Twelve patients had arrhythmia surgery because of
ventricular tachycardia recurrences. Three underwent aneurysmectomy alone (1
patient died during surgery), 5 patients had endocardial resection and aneurys-
mectomy, 4 patients underwent cryoablation and aneurysmectomy (2 patients
died, 1 from chronic lung disease and the other one from pump failure after
surgery). One patient who underwent arrhythmia surgery is still on amiodarone.

Side effects
Side effects were observed in 7 out of 106 patients (7%). Severe peripheral
neuropathy requiring drug discontinuation occurred in 1 patient. Moderate
toxicity was observed in 6 patients and included visual disturbances in 1 patient
and hypothyroidism in 1 patient. Both patients were continued on amiodarone
on a dose of 100 mg daily. Symptomatic AV block either in the AV node (2
patients) or distal to the AV node (2 patients) necessitated permanent cardiac
pacing in 4 patients.
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Figure 2: Survival curves showing the percent of patients free from non-sudden cardiac death
in relation to the arrhythmia induced during amiodarone treatment. NSVA = no sustained
ventricular arrhythmias, SMVT = sustained monomorphic ventricular tachycardia, VF =
ventricular fibrillation. The numbers at the bottom of the graph indicate the number of patients
who remained available for analysis at each year follow-up period.

Current treatment (Fig 3)
Fifty six out of the 75 patients who are still alive are receiving antiarrhythmic
drugs. Forty five patients are on amiodarone alone. Six patients are taking
amiodarone in combination with another antiarrhythmic drug (amiodarone and
flecainide: 1 patient, amiodarone and propafenone: 4 patients, amiodarone and
mexitil: 1 patient). Antiarrhythmic drugs other than amiodarone are used by 5
patients such as d-sotalol (1 patient), sotalol (1 patient), beta blockers (3
patients). Two patients are without antiarrhythmic drug treatment.

A programmable cardioverter defibrillator was implanted in 9 patients be-
cause of spontaneously occurring hemodynamically badly tolerated ventricular
tachyarrhythmias in spite of amiodarone treatment. One of these patients died
postoperatively from sepsis. Two patients have used their defibrillator because
of ventricular fibrillation in one and fast hemodynamically badly tolerated
ventricular tachycardia in the other one. One patient had documentation of slow
ventricular tachycardias not requiring device therapy. In the remaining 5 patients
no spontaneous ventricular tachyarrhythmias necessitating electrical therapy
have occurred. Two of these patients are receiving antiarrhythmic drugs, 1 is on
amiodarone and the other on D-sotalol.
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Figure 3: Flow chart showing the follow-up of the patients and their current treatment. AAD
= antiarrhythmic drug, Amio = amiodarone, CD = non-sudden cardiac death, DEF = defibril-
lator, NCD = non-cardiac death, SCD = sudden cardiac death.

Discussion

Our study suggests that programmed electrical stimulation of the heart in
patients treated with amiodarone because of sustained monomorphic ventricular
tachycardia or ventricular fibrillation after a myocardial infarction allows iden-
tification of those patients at high risk for dying suddenly.

Inducibility of ventricular fibrillation under amiodarone treatment for at least
one month was the strongest predictor for sudden death by uni and multivariate
analysis. A low left ventricular ejection fraction (< 40%) was also an inde-
pendent predictor for sudden death. Syncope or cardiac arrest during the index
arrhythmia and the index arrhythmia (sustained monomorphic ventricular tachy-
cardia/ventricular fibrillation) showed a trend in the multivariate analysis.

Sudden death occurred in 60% of patients in whom ventricular fibrillation was
induced on amiodarone treatment and in 21% of patients in whom ventricular
fibrillation was the index arrhythmia.

Of interest was that patients having sustained monomorphic ventricular
tachycardia as their index arrhythmia had less frequently ventricular fibrillation
induced (5%) and a lower incidence of sudden death (9%).
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It is important to note that induction of a sustained monomorphic ventricular
tachycardia or failure to induce a sustained ventricular arrhythmia did not
identify patients prone to develop sudden death.

Survival rates in patients with induced ventricular fibrillation at 1 year and 5
years were 70% and 40% respectively. A much better survival rate during a
follow-up period of up to eleven years was observed in patients in whom only
sustained monomorphic ventricular tachycardia or no sustained ventricular
arrhythmias were induced.

Of interest was that the positive predictive value of induced ventricular
fibrillation was better (60%) than the positive predictive value of either clinical
ventricular fibrillation (21%) or a left ventricular ejection fraction 40%.

Non-sudden cardiac death between the three groups did not show statistical
differences.

Review of the literature

The value of programmed electrical stimulation in assessing efficacy of amio-
darone therapy in patients with life-threatening arrhythmias is still controversial.

Some investigators ('"*) have reported a poor predictive value of programmed
electrical stimulation in patients taking amiodarone, whereas others ( " ) have
indicated that programmed electrical stimulation can be predictive.

Different findings during the stimulation study have been proposed for
stratification of risk for recurrent ventricular tachycardia such as persistent
inducibility, changes in the mode of induction, or changes in rate and hemo-
dynamic tolerance and other modifications of the index arrhythmia('''^).

McGovem et al(^) found two significant independent predictors for recurrent
arrhythmias: persistence of inducibility of ventricular tachycardia during
electrophysiologic testing and a lowered left ventricular ejection fraction. In
their study the type of induced ventricular tachycardia (non-sustained or sus-
tained) was not mentioned. Also, in the same study fatal (sudden death) and
non-fatal events (recurrent ventricular tachycardia) were analyzed together.

Klein et al(^) found that easier induction of ventricular tachycardia during
amiodarone therapy versus control was highly predictive of arrhythmia recur-
rence. Also, in their article sudden death and recurrent ventricular tachycardia
were not differentiated.

Kadish et al(') looked for predictors for recurrent ventricular tachycardia and
sudden death. No predictor for recurrent ventricular tachycardia was found.
They did find predictors however for cardiac arrest or sudden death. These
included hemodynamic instability of the arrhythmia induced on electrophysio-
logic testing during amiodarone therapy, younger age, low left ventricular
ejection fraction, presence of left ventricular aneurysm and a poorly tolerated
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rhythm at clinical presentation. Survival in their study of patients with poorly
tolerated arrhythmias induced at electrophysiologic study during amiodarone
therapy, at 1 and 3 years are similar to our results (75% versus 70% and 70%
versus 62% respectively).

Limitations of our study

The optimal time to assess the role of the electrophysiologic study in patients
treated with amiodarone because of life-threatening arrhythmias in coronary
artery disease patients is still controversial. The pharmacokinetic profile of
amiodarone is unusual and not fully understood, making it difficult to determine
when steady state is achieved with this agent ('^'").

The value of early electrophysiologic studies in patients taking amiodarone
for 10 to 14 days in predicting outcome in patients with ventricular tachyarrhyth-
mias with coronary artery disease have been reported by Manolis et al (").

Since clinical practice suggests that it may take several weeks of amiodarone
loading before full clinical efficacy can be established ("*'"), we selected a
period of 1 month of amiodarone treatment to evaluate the role of the electro-
physiologic study for predicting outcome.

Our study is a retrospective one, from a tertiary referral center with a limited
number of patients. To be admitted to the study the patient had to be on
amiodarone for at least 1 month, thereby excluding patients dying early after the
onset of their arrhythmia. This may explain why we did not find in contrast to
previous studies ('*•") that clinical parameters like 1) a time interval of < 2
months between myocardial infarction and first episode of sustained ventricular
arrhythmia, 2) syncope during the presenting arrhythmia, 3) presence of multi-
ple myocardial infarctions and 4) location of myocardial infarction (anterior vs
inferior) were of value in predicting risk of sudden death during follow-up.

Another limitation of our study was that only 14 patients underwent baseline
electrophysiologic examination. This feature is explained by the fact that the
majority of our patients were referred to our hospital already on amiodarone
treatment.
CO/IC/MS/OH." Our retrospective study suggests that in patients receiving amio-
darone because of life-threatening ventricular arrhythmias after myocardial
infarction, inducibility of ventricular fibrillation, but not of a sustained mono-
morphic ventricular tachycardia indicates a high risk for dying suddenly. We
believe that this finding should be evaluated prospectively. It might be of help
in selecting patients in whom, because of a high incidence of sudden death non
pharmacological treatment should be considered.
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Summary

The first part of the study (Chapters 2 to 5) reports on new observations in
patients suffering from supraventricular arrhythmias while the second part
(Chapters 6 to 10 ) describe new findings in ventricular arrhythmias.

In CTuzp/er 2 the age at onset of the first arrhythmic event and gender in
relation to the type of tachycardia is reported in 623 consecutive patients
suffering from supraventricular tachycardias. The accurate arrhythmia diagnosis
was based on an electrophysiologic study. Arrhythmias occurring in patients
with accessory pathways were more often seen in male than in female patients
(273 male (67%) / 136 female (33%)). In contrast, AV nodal tachycardias were
more often observed in female than male patients (52 males (32%) /113 females
(68%)). Incidence of atrial tachycardia showed no difference between sexes (23
males (47%) / 26 females (53%)). The onset of the first arrhythmic event in
patients having an accessory pathway occurred most frequently at ages between
10 to 29 years. AV nodal and atrial tachycardias did not show preference for a
certain age group.

C/zapter i describes the characteristic 12-lead electrocardiographic patterns
of mid-septal, anteroseptal, posteroseptal, and right free wall accessory path-
ways in 50 patients with a single anterogradely conducting accessory pathway
in one of these 4 locations. The accessory pathway location was confirmed by
surgery or radiofrequency catheter ablation. The electrocardiographic data
analyzed were: 1) The QRS and 2) delta wave axis in the frontal plane, 3) the
angle between QRS and delta wave axis, 4) the R/S ratio in lead III, 5) Presence
of negativity of the delta wave in inferior leads and 6) the R/S ratio in precordial
leads. Mid-septal and anteroseptal accessory pathways can be differentiated
from right free wall and true posteroseptal accessory pathways by the QRS axis
and delta wave polarity in inferior leads. Mid-septal can be distinguished from
anteroseptal pathways by the difference in QRS and delta wave axis and the R/S
ratio in lead III. An angle between the QRS and delta wave axis of > 20° and an
R/S ratio equal to 1 in lead III favor a mid-septal accessory pathway.

CVwpfer 4 gives an example of the treatment of a patient with multiple
accessory pathways suffering from symptomatic supraventricular tachycardias
by radiofrequency current catheter ablation.

CTwpter 5 shows that patients with long-standing (paroxysmal or chronic)
atrial fibrillation may show deterioration of their cardiac function. This seems
to be related to the duration of the arrhythmia. In those patients, left ventricular
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ejection fraction may improve significantly after ventricular rate control by
ablation of the atrio-ventricular conduction system and implantation of a
physiologic pacing device. Left heart function was studied in 30 patients with
lone atrial fibrillation before and after ablation of atrio-ventricular conduction.
Left ventricular ejection fraction, left ventricular end-systolic and end-diastolic
and left atrial dimensions were measured by echocardiography before and after
ablation. Before ablation left ventricular ejection fraction was < 50% in 12
patients (group I) and > 50% in 18 patients (group II). The duration of atrial
fibrillation was the only difference found between group I and group II patients
(group I: 8-28, mean 11 years, group II: 2-14, mean 5.4 years, p < 0.05). In group
I left ventricular ejection fraction increased after ablation from 43 ± 8% to
54 ± 7% (p < 0.0001). There were also significant decreases in the left ventri-
cular end systolic, left ventricular end diastolic and left atrial dimensions. No
such changes were observed in group II patients. Although the exact incidence
is unknown our findings illustrate that some patients with longstanding lone
atrial fibrillation may develop severe deterioration of left heart function. In those
patients, left heart function improves significantly after ventricular rate control
by ablation of A V conduction and implantation of a physiologic pacing device.

C/iapter 6 analyzes the prognostic significance of serial signal averaged
electrocardiograms in 190 patients after a first myocardial infarction, performed
during the first 3 days (period 1), in the second week (period 2) and after 6
months (period 3). Multivariate regression analysis using continuous variables
showed that the strongest predictor of sustained ventricular tachycardia and
ventricular fibrillation was the left ventricular ejection fraction (p < 0.0001)
followed by the duration of the QRS complex on the signal averaged electrocar-
diogram recorded during the first 3 days of infarction (p < 0.0005). Sudden death
was only predicted by the left ventricular ejection fraction (p < 0.02). These data
suggest that the degree of myocardial damage as assessed by left ventricular
ejection fraction is a better predictor of sustained ventricular arrhythmias during
follow-up than the signal averaged electrocardiogram and the only predictor of
sudden cardiac death after myocardial infarction. Serial recordings of the signal
averaged electrocardiogram did not improve information as to occurrence of
ventricular tachyarrhythmias or sudden death.

C/wp/er 7 examines the twelve lead ECG characteristics during ventricular
tachycardia (VT) in 73 patients with a postinfarction (group A) and in 73 patients
with a non-ischemic etiology of their arrhythmia (group B). Seventy five
tracings were available from group B patients (8 right ventricular dysplasia, 24
idiopathic VT and 43 preexcited tachycardia). Presence of a qR or QR pattern
(with a QR ratio of 25% or more) in any lead except aVR was found to be the
most helpful parameter in differentiating postinfarction from non-ischemic VT
(specificity 100%, sensitivity 90%). In right bundle branch block VT morphol-
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ogy, (44/73 group A, 44/75 group B) a total R wave amplitude in all precordial
leads of more than 80 mm was of help in differentiating non-ischemic VT from
postinfarction VT; (4/44 group A vs 40/44 group B; specificity 90, sensitivity
90%). Also, In right bundle branch block VT morphology, the distance between
the onset to the summit of the R wave in lead VI (100 ± 50 msec vs 87 ± 38
msec (p < 0.01)), and the distance between the onset to the nadir of S wave in
lead V6 (89 ± 27 msec vs 71 ± 18 msec (p < 0.001 )) were longer in group A than
in group B patients. In left bundle branch block VT morphology, the total R
wave amplitude in the extremity leads was higher in non-ischemic (41 ± 23 mm)
than postinfarction VT (29 ± 12 mm) (p < 0.001). Therefore, the electrocar-
diogram during ventricular tachycardia may show features that suggest a postin-
farction or a non-ischemic etiology.

C/wzpter 5 demonstrates that by using clinical information a prognostic index
for non-fatal VT recurrences can be constructed. This is of help to identify
patients at highest or lowest risk of recurrences of ventricular tachycardia after
a myocardial infarction. Two hundred and six patients from Maastricht with
sustained monomorphic VT or ventricular fibrillation (VF) after healing of an
acute myocardial infarction were studied. 74/206 (36%) (64 VT patients and 10
VF patients) had recurrences of sustained monomorphic VT during 3.4 ± 9 years
of follow-up. Three clinical variables were selected and weighted by stepwise
logistic discriminant analysis of the study group. They were coded as follows:
interval myocardial infarction-arrhythmia (< 2 months = 1, 2 to 6 months = 2,
> 6 months = 3), drug therapy: sotalol, or no sotalol (sotalol = 1, no sotalol = 2),
and VT or VF as the presenting arrhythmia (VT = 1, VF = 2). The prognostic
index was: 3.41 - (0.56 x interval) - (1.94 x therapy) + (0.86 x arrhythmia). When
prospectively evaluated in a test group of 158 patients from Heidelberg with
sustained monomorphic VT or VF after healing of an acute myocardial infarc-
tion, 2 risk classes of patients were identified: a high risk group (61% VT
recurrences) corresponding to those with a negative index, and a low-risk group
(4% VT recurrences) consisting of those with a positive index. This prognostic
index may be used for selecting treatment in patients having VT or VF late after
myocardial infarction.

C/wpter 9 analyzes the incidence and timing of recurrences of sustained VT
or sudden death in 206 patients having survived their first episode of VF (52
patients) or sustained VT (154 patients) after a myocardial infarction. All
patients were treated with (empirically selected) antiarrhythmic drugs, with 49
% receiving amiodarone. Incidence of sudden death showed 2 peaks at around
3 and 12 months. Non-fatal VT recurrences were more frequent (most common-
ly occurring in the first 6 months) in the VT group as compared to the VF group.
In only 10% of patients having survived 1 year, sudden death occurred during
the next 3 years. Comparison between patients having a left ventricular ejection
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fraction < 40% to > 40% revealed a much higher incidence of sudden death in
patients with left ventricular ejection fraction < 40% (28/65 vs 3/141;
p < 0.0001). No relation was found between the value for left ventricular
ejection fraction and the occurrence of non-fatal VT recurrences.

C/wpfer 70 examines the value of programmed electrical stimulation of the
heart in predicting sudden death in patients receiving amiodarone because of
serious ventricular tachyarrhythmias after myocardial infarction. One hundred
and six patients with clinically documented sustained monomorphic ventricular
tachycardia (77 patients) or ventricular fibrillation (29 patients) were studied.
All patients had been on amiodarone for at least 1 month. Eighty out of the 106
patients had either ventricular fibrillation (15 patients) or sustained monomor-
phic ventricular tachycardia (65 patients) induced. After a mean follow-up of
50 ± 40 months (1-144), 13 patients either died suddenly (11 patients) or used
their defibrillator (2 patients).

By multivariate analysis two predictors for sudden death were found: in-
ducibility of ventricular fibrillation (p <.0001) and a left ventricular ejection
fraction < 40% (p < 0.05). Actuarial curves for sudden death were constructed
for induced ventricular fibrillation, sustained monomorphic ventricular tachy-
cardia and absence of induced sustained arrhythmias. The survival rate at 1,2,
3 and 5 years was 70%, 62%, 62% and 40% respectively for induced ventricular
fibrillation patients and 98%, 96%, 94%, 94% for the induced sustained mono-
morphic ventricular tachycardia patients. In the no sustained arrhythmia group
the 5 year survival was 100%. Therefore, in patients on amiodarone because of
life-threatening ventricular arrhythmias after a myocardial infarction, induci-
bility of ventricular fibrillation, but not of sustained monomorphic ventricular
tachycardia suggests a high risk of dying suddenly.

136



Samenvatting

In dit proefschrift worden nieuwe observaties beschreven bij patiënten met
supraventriculaire ritmestoornissen (hoofdstuk 2 t/m hoofdstuk 5) en met
kamerritmestoornissen (hoofdstuk 6 t/m hoofdstuk 10).
In hoofdstuk 2 wordt de relatie bestudeerd tussen type ritme-stoomis, de leeftijd
waarop de klachten begonnen en het geslacht. In een groep van 623 patiënten
werd het type supraventriculaire ritmestoornis vastgesteld door middel van een
invasief onderzoek (geprogrammeerde elektrische stimulatie van het hart). Rit-
mestoornissen bij patiënten met een extraverbinding tussen boezem en kamer
van het hart kwamen vaker voor bij mannen dan bij vrouwen (273 mannen
(67%) vs. 136 vrouwen (33%)), terwijl in tegenstelling hiermee AV-nodale
tachycardieën vaker bij vrouwen dan bij mannen voorkwamen (52 mannen
(32%) vs. 113 vrouwen (68%)). Bij de groep met een boezemtachycardie kon
geen verschil tussen beide geslachten worden aangetoond (23 mannen (47%) vs.
26 vrouwen (53%)). Meestal begonnen de klachten van ritmestoornissen op een
leeftijd tussen 10 en 29 jaar bij patiënten met een extraverbinding tussen boezem
en kamer. AV-nodale ritmestoornissen en boezemtachycardieën bleken op elke
leeftijd te kunnen beginnen.
In hoofdstuk 3 worden de electrocardiografische kenmerken beschreven van
extraverbindingen welke ofwel in het voorste, middelste of achterste deel van
het septum gelegen zijn dan wel in de vrije wand van de rechter kamer. Bij deze
groep van in totaal 50 patiënten werd de ligging van de extraverbinding bepaald
tijdens de operatieve onderbreking of catheterablatie ervan. De volgende
electrocardiografische gegevens werden geanalyseerd: 1) de frontale as van
zowel het QRS-complex aïs de delta-golf, 2) de hoek tussen QRS en de delta-as,
3) de R/S-ratio in afleiding 3, 4) de aanwezigheid van een negatieve delta-golf
in de onderwandsafleidingen, en 5) de R/S-ratio in de precordiale afleidingen.
Extraverbindingen in het voorste of middelste gedeelte van het septum konden
onderscheiden worden van de achter in het septum en in de vrije wand van de
rechter kamer gelegen extraverbindingen op grond van verschillen in de as van
het QRS-complex en de polariteit van de delta-golf in de onderwandsafleidin-
gen. De midseptale kon onderscheiden worden van de anteroseptaal gelegen
extraverbinding door verschillen in de as van het QRS-complex en de delta-golf
en de R/S-ratio in afleiding 3. Een hoek van meer dan 20° tussen het QRS-com-
plex en de delta-golf as en een R/S-ratio gelijk aan 1 in afleiding 3 bleek te
pleiten voor een midseptaal gelegen extraverbinding.
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Succesvolle onderbreking van de geleiding over drie verschillende extraver-
bindingen tussen boezem en kamer met behulp van catheterablatie wordt be-
schreven in hoofdstuk 4.

Patiënten met boezemfibrilleren (hoofdstuk 5) kunnen op den duur een
verslechtering van de pompfunctie ontwikkelen, zonder dat er een organisch
hartlijden aanwezig is. In een groep van 30 patiënten met boezemfibrilleren (die
zowel in aanvallen konden optreden of continu aanwezig konden zijn) werd
gekeken of onderbreking van de geleiding van boezem naar kamer door middel
van His-bundelablatie en gevolgd door pacemakerimplantatie leidde tot een
verandering van de linker kamerfunctie. Hiertoe werden de linker kamerejec-
tiefractie, de eindsystolische en einddiastolische diameters van de linker kamer
en de linker boezemgrootte gemeten met behulp van echocardiografie voor en
na ablatie. Bij 12 patiënten was voor ablatie een verminderde ejectiefractie
(minder dan of gelijk aan 50%) (groep 1) en bij 18 patiënten een normale linker
kamerejectiefractie (boven de 50%) aanwezig. Patiënten met een verminderde
linker kamerfunctie bleken gemiddeld 11 jaar klachten te hebben, terwijl
patiënten met een normale linker kamerfunctie gemiddeld 5'/2 jaar klachten
hadden. Na onderbreking van de geleiding over de His-bundel nam de linker
kamerejectiefractie toe van 43% tot 54% (P < 0.0001) bij de patiënten met een
verminderde linker kamerfunctie. Dit ging gepaard met een significante afname
in de diameter van de linker kamer, zowel eindsystolisch als einddiastolisch, en
bovendien met een vermindering van de linker boezemgrootte. Deze verschillen
werden niet gevonden bij patiënten die voor ablatie een normale linker kamer-
functie hadden (groep 2). De incidentie van linker kamerfunctievermindering bij
patiënten met "alleen" boezemfibrilleren is onbekend. Wanneer er een ver-
minderde linker kamerfunctie aanwezig is als gevolg van de hoge kamerfre-
quenties bij boezemfibrilleren, bleek dus onderbreking van de atrioventriculaire
geleiding en implantatie van een fysiologische pacemaker de linker kamer-
functie aanzienlijk te verbeteren.

In hoofdstuk 6 wordt bij een groep van 190 patiënten met een eerste myocar-
dinfarct de prognostische waarde bestudeerd van een signal averaged elektrocar-
diogram gemaakt binnen de eerste drie dagen (période 1), in de tweede week
(période 2) en zes maanden (période 3) na het infarct. Bij multivariabele
regressie-analyse met continue variabelen bleek het optreden van kamertachy-
cardieën of kamerfibrilleren het best voorspeld te kunnen worden door de linker
kamerejectiefractie (P < 0.0001), en de duur van het QRS-complex op het signal
averaged elektrocardiogram wanneer dit gedurende de eerste drie dagen na het
infarct geregistreerd werd (P < 0.0005). Plotse dood kon alleen voorspeld
worden aan de hand van de linker kamerejectiefractie (P < 0.02). Deze gegevens
suggereren dat de mate van beschadiging van de hartspier uitgedrukt in de linker
kamerejectiefractie de beste voorspeller is voor het optreden van plotse dood na
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het hartinfarct. Bovendien Week deze parameter ook beter dan het signal
averaged ECG om het optreden van langdurige kamerritmestoornissen te voor-
spellen tijdens de follow up. Het herhaald registreren van het signal averaged
ECG leverde geen additionele informatie op ten aanzien van het optreden van
kamerritmestoornissen of plotse dood na het myocardinfarct.

In hoofdstuk 7 wordt het twaalfkanaals-ECG tijdens de ritmestoomis ver-
geleken bij 73 patiënten met een kamertachycardie na een hartinfarct (groep A)
en 75 patiënten met een kamerritmestoomis van niet-ischemische oorsprong
(groep B). De ECG's van groep B waren afkomstig van patiënten met kamer-
tachycardie bij rechter kamerdysplasie (8), idiopathische kamertachycardie (24)
en patiënten met pre-excitatie (43). Afwezigheid van een qR- of QR-patroon
(met een QR-ratio van 25% of meer) in elke afleiding behalve AVR bleek de
beste parameter om kamertachycardieën die niet-infarctgerelateerd waren te
identificeren (specificiteit 100%, sensitiviteit 90%). Bij kamerritmestoornissen
met rechter bundeltakvorm (44/73 van groep A, 74/75 van groep B) kon met
behulp van de som van de amplitudes van de R-golven in de precordiale
afleidingen (meer dan 80 mm) een onderscheid gemaakt worden tussen kamer-
tachycardieën gerelateerd aan een infarct vs. kamerritmestoornissen zonder een
hartinfarct in de voorgeschiedenis (in 4 van de 44 groep A vs. 40 van de 44 groep
B; specificiteit 90%, sensitiviteit 90%). Bovendien bleek bij kamertachycar-
dieën met een rechter bundeltakblok-morfologie dat de afstand tussen het begin
en het hoogste punt van de R-golf in afleiding V1 ( 100 ± 50 mm vs. 87 ± 38 mm
(P < 0.01)), en de afstand tussen het begin en het diepste deel van de S-golf in
afleiding V6 (89 ± 27 mm vs. 71 ± 18 mm (P < 0.01)) langer was in groep A- in
vergelijking met groep B-patiënten. Bij kamertachycardieën met een linker
bundeltakblok-achtige morfologie bleek de totale R-top-amplitude in de ex-
tremiteitsafleidingen hoger te zijn bij de niet-infarctgerelateerde vs. de post-in-
farct kamertachycardieën (41 ± 2 3 mm vs. 29 ± 12 mm (P < 0.01)). Deze
kenmerken op het elektrocardiogram gedurende de kamertachycardie kunnen
helpen om een onderscheid te maken tussen een hartinfarct of een niet-ischemis-
che oorzaak van een kamer tachycardie.

In hoofdstuk 8 wordt duidelijk gemaakt dat met behulp van klinische informa-
tie een prognostische index gemaakt kan worden voor het hemieuwd optreden
van een kamerritmestoomis bij patiënten met levensbedreigende kamerritme-
stoornissen. Hiermee is het mogelijk patiënten te herkennen met een hoog of
laag risico op hernieuwde episodes van kamerritmestoomissen na het hartin-
farct. In totaal werden 206 patiënten bestudeerd met een kamertachycardie of
kamerfibrilleren die in het verleden een hartinfarct hadden doorgemaakt.
Gedurende een follow-up période van 3,4 ± 9 jaar bleken 74 van de 206
patiënten (36%) een hemieuwde episode te hebben van een kamertachycardie
(64 patiënten) of kamerfibrilleren (10 patiënten). Er werden 3 klinische varia-
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belen geselecteerd en met behulp van stapsgewijze logistieke discriminantana-
lyse gewogen: 1) het interval tussen het hartinfarct en het eerste optreden van de
ritmestoomis (kleiner dan 2 maanden is 1, 2 tot 6 maanden is 2, groter dan 6
maanden is 3), 2) antiarrhythmische medicatie: Sotalol of geen Sotalol (Sotalol
is 1, geen Sotalol is 2) en 3) het type van de oorspronkelijke ritmestoomis
(kamertachycardie is 1, kamerfibrilleren is 2). Met deze gegevens kon de
volgende prognostische index worden opgesteld: 3.41 - (0.56 x interval) - (0.94
x thérapie) + (0.86 x type ritmestoomis). Daarna werd deze prognostische index
gebruikt in een prospectieve studie met 158 patiënten van de afdeling Car-
diologie te Heidelberg. Het bleek dat twee risicogroeppatiënten konden worden
herkend: een hoge risicogroep (61% recidieven kamerritmestoornis), welke
overeenkwam met de patiëntengroep met een negatieve waarde van de prognos-
tische index, en een groep met een laag risico (4% recidief kamertachycardieën)
met een positieve waarde van de index. Deze prognostische index kan dan ook
gebruikt worden voor de juiste keuze van de behandeling bij patiënten met
kamertachycardie of kamerfibrilleren na een doorgemaakt hartinfarct.

In hoofdstuk 9 wordt in een groep van 206 patiënten met kamerritmestoornis-
sen na een hartinfarct (52 patiënten met kamerfibrilleren, 154 met kamer-
tachycardieën) bestudeerd hoeveel patiënten een recidief ritmestoomis krijgen,
en gekeken naar het tijdstip waarop dit optreedt. Aile patiënten werden op
empirische basis behandeld met antiaritmica, waarbij 49% van de patiënten met
Amiodarone behandeld werden. De incidentie van plotse hartdood bleek twee
pieken te vertonen in de follow-up, namelijk rond drie en twaalf maanden.
Recidieven van kamerritmestoornissen, waar de patient niet aan overleed, wer-
den frequenter gezien in de groep die kamertachycardie als oorspronkelijke
ritmestoomis had dan in de groep met als eerste aritmie kamerfibrilleren (deze
hadden de meeste recidieven binnen de eerste 6 maanden na follow-up). Wan-
neer de patient de eerste ritmestoomis één jaar overleefde, bleek slechts 10% van
deze groep patiënten in de daaropvolgende drie jaar plotseling te overlijden.
Wanneer de groep patiënten verdeeld werd aan de hand van de linker kamerejec-
tiefractie (kleiner dan 40% of groter dan 40%), bleek dat de incidentie van plotse
hartdood groter was in de groep met de lage ejectiefractie (28/65 vs. 3/141 (P <
0.0001)), maar dat die relatie niet bestond voor het hernieuwd optreden van
kamerritmestoornissen waaraan de patient niet overleed.

In hoofdstuk 10 wordt de waarde beschreven van het geprogrammeerde
elektrische stimulatie-onderzoek van het hart om te voorspellen of patiënten die
wegens een kamerritmestoornis amiodarone gebruiken tijdens follow-up zullen
overlijden. De groep bestond uit 106 patiënten met klinisch gedocumenteerde
kamertachycardieën (77 patiënten) of kamerfibrilleren (29 patiënten). Na meer
dan één maand amiodaronegebruik, bleek dat bij 15 patiënten kamerfibrilleren
en bij 65 patiënten kamertachycardieën konden worden opgewekt. Na een
follow-up van 50 ± 40 maanden (1 tot 144 maanden) bleek dat 13 patiënten
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hetzij plotseling overleden waren (11 patiënten) of wegens kamerfibrilleren een
schok van een inwendige defibrillator hadden gekregen (2 patiënten). Bij multi-
variaatanalyse bleken twee factoren de plotse dood te kunnen voorspellen: 1) de
induceerbaarheid van kamerfibrilleren (P < 0.001) en 2) een ejectiefractie lager
dan 40% (P < 0.05). Overlevingscurves kdnden worden gemaakt voor patiënten
met inductie van kamerfibrilleren, kamertachycardieën of afwezigheid van het
induceren van kamerritmestoornissen. Bij patiënten bij wie kamerfibrilleren
werd geïnduceerd bleek de overleving na 1, 2, 3 à 5 jaar 70, 62, 62 en 40% te
bedragen en bij patiënten met kamertachycardieën bleek deze overleving 98,96,
94 en 94%. Patiënten waarbij geen ritmestoornissen konden worden opgewekt
tijdens geprogrammeerde stimulatie, bleken na vijf jaar alien nog in leven. Bij
patiënten die behandeld worden met amiodarone voor levensbedreigende
kamerritmestoornissen na het hartinfarct lijkt inductie van kamerfibrilleren,
maar niet van kamertachycardieën, samen te gaan met een hoog risico om te
overlijden tijdens de follow-up.
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Résumé

La premier partie de l'étude (C/iap/>e.s 2-5) rend compte de nouvelles observa-
tions relatives a des patients souffrant d'arythmie supraventriculaire, tandis que
la seconde partie (C/iapi/res 6-70) décrit des résultats nouveaux concernant les
arythmies ventriculaires.

Au CTiapjïre 2, l'âge d'apparition d'un premier épisode d'arythmie ainsi que
le sexe du sujet sont étudiés en fonction du type de tachycardie chez 623 patients
différents souffrant de tachycardie supraventriculaire. Le diagnostic précis de
l'arythmie est apporté par une étude électrophysiologique. Les arythmies liées a
la présence de faisceaux accessoires ont été plus souvent observées chez des
patients masculins (273 hommes (67%)/136 femmes (33%)). Inversement, les
tachycardies intranodales ont plus souvent été observées chez des patientes que
chez des patients [52 hommes (32%)/133 femmes (68%)]. L'incidence de la
tachycardie auriculaire n' est pas influencée par le sexe [23 hommes (47%)/26
femmes (53%)]. Parmi les patients qui présent un faisceau accessoire le premier
épisode arythmique apparaît plus fréquemment entre 10 et 29 ans. Les tachycar-
dies intranodales et auriculaires n'ont pas une distribution préférentielle en
fonction de l'âge. Le C/japzïre i décrit les caractéristiques électrocardio-
graphiques des faisceaux accessoires selon leur localisation medio-septale,
anteroseptale, postéroseptale ou au niveau de la paroi libre du ventricule droit
chez 50 patients ne présentant qu'un seul faisceau accessoire dans une de ces 4
localisations. La localisation du faisceau accessoire a été confirmée par son
ablation, par chirurgie ou au moyen d'un cathéter à radiofréquence. Les para-
mètres électrocardiographiques analysés sont les suivants: 1) l'axe du QRS, 2)
l'axe de l'onde delta 3) la différence entre l'axe du QRS et l'axe de l'onde delta
4) le rapport R/S en dérivation III, 5) la présence d'une négativité de l'onde delta
dans les dérivations inférieures et 6) rapport R/S dans les dérivations precor-
diales. Les faisceaux accessoires medio-septaux et anteroseptaux peuvent être
différenciés de ceux de la paroi libre du ventricule droit et des faisceaux
accessoires posteroseptaux par l'axe du QRS et la polarité de l'onde delta dans
les dérivations inférieures. Les faisceaux accessoires medio-septaux peuvent
être distingués des faisceaux accessoires anteroseptaux par la différence des
axes du QRS et de l'onde delta ainsi que par le rapport R/S en la dérivation III.
Une différence de > 20° entre les axes du QRS et de l'onde delta ainsi qu'un
rapport R/S égal a 1 en dérivation III sont en faveur d'un faisceau accessoire de
localisation medio-septale.
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Le CTiop/fre 4 donne l'exemple du traitement ablatif par courant de radio-
fréquence d'un patient qui présentait plusieurs faisceaux accessoires auriculo-
ventriculaires et souffrait de tachycardies supraventriculaires symptomatiques.

Le C/zap/fre 5 montre que les patients souffrant d'une fibrillation auriculaire
de longue date (paroxysmale ou chronique) peuvent présenter une détérioration
de la fonction cardiaque. Celle-ci semble être proportionnelle à la durée de
l'arythmie. Chez ces patients, la fraction d'éjection du ventricule gauche peut
s'accroître considérablement après contrôle de la réponse ventriculaire, par
ablation du système de conduction auriculo-ventriculaire et implantation d'un
pacemaker. La fonction ventriculaire gauche été étudiée avant et après ablation
chez 30 patients présentant une fibrillation auriculaire isolée. La fraction
d'éjection ventriculaire gauche, les dimensions du ventricule gauche en fin de
systole et de diastole ainsi que celles de l'oreillette gauche ont été mesurées par
échocardiographie avant et après ablation. Avant ablation, la fraction d'éjection
ventriculaire gauche était < 50% chez 12 patients (group I) et > 50% chez 18
patients (group II). La durée de la fibrillation auriculaire était la seule différence
observée entre les patients du group I et ceux du group II (group I: 8-28 ans,
moyenne, 11 ans, group H: 2-14 ans moyenne 5.4 ans, p < 0.05). Après ablation,
la fraction d'éjection du ventricule gauche a augmenté de 43 ± 8% à 54% ± 7 %
(p < 0.0001) dans le group I. Les dimensions ventriculaires gauches en fin de
systole et en fin de diastole étaient diminuée significativement, de même que
celles de l'oreillette gauche. De tels changements n'ont pas été observés chez
les patients du groupe IL Bien que l'incidence exacte en soit inconnue nos
résultats montrent que certains patients présentant une fibrillation auriculaire
isolée de longue durée peuvent développer une nette deterioration de la fonction
ventriculaire gauche. Cette fonction du ventriculaire gauche s'améliore nette-
ment après contrôle de la réponse ventriculaire par ablation du système de
conduction auriculo-ventriculaire et implantation d'un pacemaker.

Le C/w/7/rre 6 analyse de façon prospective la valeur prédictive de l'électro-
cardiogramme (ECG) moyenne du QRS chez 190 patients ayant présenté un
primo-infarctus du myocarde. Les ECG moyennes ont été enregistrés dans les
trois premier jours (période 1), au cours de la deuxième semaine (période 2) et
après 6 mois (période 3). L'analyse multivariée de nombreux paramètres a
montré que la fraction d'éjection du ventricule gauche apportait la meilleure
valeur prédictive vis à vis des récidives de tachycardie ventriculaire soutenue et
de fibrillation ventriculaire (p < 0.0001), suivie par la durée du complexe QRS
sur l'ECG moyenne enregistré pendant les 3 premiers jours de l'infarctus
(p < 0.0005). La mort subite était uniquement prédite par la fraction d'éjection
du ventricule gauche (p < 0.02). Ces données suggèrent que la détérioration
myocardique mesurée par la fraction d'éjection du ventricule gauche a une
meilleure valeur prédictive au cours du suivi que l'ECG moyenne vis à vis de la
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survenue d'une arythmie ventriculaire soutenue. Des enregistrements répétés de
l'ECG moyenne n'ont pas augmenté les renseignements quant a la fréquence des
récidives de tachycardies ventriculaires ni de la survenue d'une mort subite.

Le C/wpifre 7 se penche sur les caractéristiques recueillies dans les 12
dérivations de l'ECG de surface au cours d'une tachycardie ventriculaire (TV)
chez 73 patients avec une TV survenant après un infarctus du myocarde (TV
postinfarctus; groupe A) et chez 73 patients avec une étiologie non-ischémique
de leur arythmie (TV non-ischémique; group B). Septante-cinq tracés de
patients du groupe B étaient disponibles (8 cas de dysplasie ventriculaire droite,
24 cas de TV idiopathique et 43 cas de tachycardie utilisant préférentiellement
un faisceau accessoire de façon antérograde). La présence d'un complexe de
morphologie qR ou QR (avec un rapport QR de 0.25 ou plus) dans toutes les
dérivations sauf dans la dérivation aVR, a été retrouvée comme le paramètre le
plus important pour différencier les TV postinfarctus de l'étiologie non-ischemi-
ques. (spécificité 100%, sensibilité 90%). Pour les TV avec une morphologie de
bloc de branche droit (44/73 groupe A, 44/75 groupe B), une amplitude totale
de l'onde R dans toutes les dérivations précordiales de plus de 80 mm était un
critère de différenciation entre les TV d'étiologie non-ischemique d'une TV
survenant après l'infarctus, (4/44 groupe A contre 40/44 dans le groupe B;
spécificité 100 %, sensibilité 90%). De même, toujours pour les TV avec une
morphologie de bloc de branche droit, le délai entre le début et le sommet de
l'onde R en la dérivation V1 (groupe A = 100 ± 50 msec vs groupe B = 87 ± 38
msec ( p < 0.01), ainsi que le délai entre le début et le nadir de l'onde S en V6
(groupe A = 89 ± 27 msec vs groupe B = 71 ± 18 msec permettent de reconnaître
les TV post-infarctus des TV non-ischémiques. Dans les TV avec morphologie
de bloc de branche gauche, l'amplitude totale de l'onde R dans les dérivations
standard était plus élevée dans les etiologies non-ischémiques (41 ± 2 3 mm)
dans le post-infarctus (29 ± 12 mm) (p < 0.001). L'ECG 12-derivations en-
registré durant la tachycardie ventriculaire peut présenter des caractéristiques
qui suggèrent une étiologie postinfarctus ou non-ischémique.

Le CViap/rre 8 montre qu'un index pronostique pour des récidives non-fatales
de TV peut être établi en utilisant des renseignements cliniques. Ceci aide à
identifier les patients à plus haut ou à plus bas risque de récidive de tachycardie
ventriculaire après un infarctus du myocarde. Deux cent six patients hospitalisés
dans le Service de Cardiologie de l'hôpital de Maastricht et présentant une TV
monomorphe soutenue ou une fibrillation ventriculaire (FV) après un infarctus
du myocarde ont été régulièrement suivis avec un recul de 3.4 ± 9 ans. Septante
et quatre patients (36% de la population pour 64 avec TV et 10 avec FV) ont
présenté des récidives de TV monomorphe soutenue. Trois variables cliniques
ont été identifiées au cours d'une analyse logistique et discriminante du groupe
d'étude. Elles ont été codées comme suit: intervalle infarctus du myocarde-
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arythmie (< 2 mois = 1,2 a 6 mois = 2, > 6 mois = 3), traitement antiarythmique:
sotalol, ou pas de sotalol (sotalol = 1, pas de sotalol = 2), et TV ou FV comme
arythmie clinique initiale (TV = 1, FV = 2). L'index pronostic était: 3.41 - (0.56
x intervalle) - (1.94 x thérapie) + (0.86 x arythmie). Cet index pronostic a fait
l'objet d'une évaluation prospective dans un autre groupe de 158 patients
hospitalisés a Heidelberg pour une TV monomorphe soutenue ou une FV après
un infarctus du myocarde. Lorsque la valeur numérique de l'index pronostic
calculé correspond à un nombre négatif, le patient est dans un groupe à haut
risque de récidive de TV (61% de récidives). En revanche, lorsque la valeur
calculée correspond à un nombre positif, le taux de récidive de TV est faible
(4%). L'index pronostic que nous proposons peut être utilisé pour choisir le
traitement de patients souffrant de TV ou de FV, longtemps après un infarctus
du myocarde.

Le C/japùre 9 analyse l'incidence et le délai des récidives de TV soutenue ou
de mort subite chez 206 patients ayant survécu à un premier épisode de FV (52
patients) ou de TV soutenue (154 patients) après un infarctus du myocarde. Tous
les patients étaient traités par antiarythmiques (choisis empiriquement), et 49 %
d'être eux recevaient de l'amiodarone. Le diagramme des récidives de mort
subite montrait 2 pics de fréquence à environ 3 et 12 mois. Les récidives
non-fatales de TV étaient plus fréquentes (apparaissant le plus souvent au cours
des 6 premiers mois) au sein de groupe du TV comparé au groupe de FV. Au
cours des 3 années suivantes, il n'y a eu que 10% de mort subite chez les patients
ayant survécu 1 an. Lorsque les patients avec une fraction d'éjection ventri-
culaire gauche < 40% ont été comparés aux patients ayant une fraction d'éjection
ventriculaire gauche > 40%, une incidence plus élevée de mort subite a été
décelée chez les patients ayant une fraction d'éjection < 40% (28/65 (43%) vs
3/141 (2%); p < 0.0001). Aucune relation n'a été trouvée entre la valeur de la
fraction d'éjection ventriculaire gauche et l'apparition de récidives non-fatales
de TV.

Le C/ia/?j7rg 70 examine la valeur de la stimulation ventriculaire programmée
pour prédire la mort subite de patients traités par amiodarone pour des arythmies
ventriculaires graves après un infarctus du myocarde. Cent-six patients, dont 77
présentant une TV monomorphe soutenue et cliniquement documentée et 29
patients souffrant de FV ont été observés. Tous les patients ont été traités par
amiodarone pendant au moins un mois. Chez 80 patients, une FV (15 patients)
ou une TV monomorphe soutenue (65 patients) a été induite au cours de l'étude
électrophysiologique. Après un suivi moyen de 50 ± 40 mois, 13 patients sont
morts subitement (11 cas) et deux autres qui avaient bénéficié de l'implantation
d'un défibrillateur ont reçu des chocs électriques internes appropriés. Deux
facteurs prédictifs de mort subite ont été trouvés lors de l'analyse multivariée:
l'induction d'une FV au cours de l'étude électrophysiologique (p < 0.0001) et
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une fraction d'éjection ventriculaire gauche < 40 % (p 0.05). Des courbes
actuarielles pour la mort subite ont été construites selon le résultat de la
stimulation ventriculaire programmée: induction d'une FV, d'une TV et 1'
absence d'arythmie induite. Le taux de survie à 1, 2, 3 et 5 ans était respective-
ment de 70%, 62%, 62% et 40% pour les patients avec une FV inductible et 98%,
96%, 94%, et 94% pour les patients présentant une TV monomorphe soutenue
et inductible. La survie après 5 ans était de 100% chez les patients pour lesquels
seule une arythmie avait pu être induite. Ainsi, chez les patients traités par
amiodarone dans troubles du rythme ventriculaire graves après infarctus myo-
cardique l'induction d'une FV par stimulation ventriculaire programmée con-
stitue un facteur pronostic particulièrement péjoratif vis à vis de la survenue
d'une mort subite, à l'inverse de l'induction d'une TV.
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Resumen

En la primer parte de este estudio (Capitulos 2 al 5) se presentan nuevas
observaciones en los pacientes que padecen de taquicardias supraventriculares,
mientras que en la segunda parte (Capitulos 6 al 10) se describen nuevos
hallazgos en el campo de las arritmias ventriculares.

En el Copi'lu/o 2, se analiza la relaciôn entre la edad de presentaciôn del
primer episodio arritmico, el sexo y el tipo de taquicardia en 623 pacientes
consecutivos con taquicardias supraventriculares. El diagnôstico exacto se
estableciô mediante un estudio electrofisiolôgico. Las arritmias en los pacientes
con vias accesorias auriculoventriculares fueron mâs frecuentes en los pacientes
del sexo masculino en comparaciôn con los del sexo femenino (273 hombres
(67%)/ 136 mujeres (33%)). Por el contrario, las taquicardias intranodales se
detectaron mâs frecuentemente en los pacientes del sexo femenino que en los
del masculino (52 hombres (32%)/113 mujeres (68%)). En los pacientes con
taquicardias auriculares se observé una incidencia similar en ambos sexos (23
hombres (47%)/26 mujeres (53%)). El primer episodio arritmico en los pa-
cientes con vias accesorias auriculoventriculares se manifesto con mayor
frecuencia entre los 10 y los 29 anos. En el grupo de pacientes con taquicardias
intranodales o taquicardias auriculares no se observé preferencia por ninguna
edad de presentaciôn de la arritmia.

En el Cap/fw/o 5 se describen las caracteristicas electrocardiogrâficas, ob-
tenidas a partir de las 12 derivaciones del electrocardiograma de superficie, de
los pacientes con una via accesoria auriculoventricular con conduccion anterô-
grada de localizaciôn medio-septal, ântero-septal, pôstero-septal y la pared libre
derecha. Se estudiaron cincuenta pacientes con una via accesoria y con
conduccion anterôgrada en una de estas 4 localizaciones. La localizaciôn de las
vias accesorias se confirmô durante la cirugia o mediante la ablaciôn transcatéter
con radiofrecuencia. Se analizaron los siguientes datos electrocardiogrâfic: 1) El
eje eléctrico del complejo QRS, 2) el eje eléctrico de la onda delta, ambos
calculados en el piano frontal, 3) el ângulo correspondiente a la diferencia entre
el eje eléctrico del complejo QRS y el eje de la onda delta, 4) la cociente R/S en
la derivaciôn DIII, 5) la presencia de una polaridad negativa de la onda delta en
las derivaciones inferiores y 6) el cociente R/S en las derivaciones precordiales.
Las vias accesorias con una localizaciôn en el septum medio y septum anterior
(ântero-septal) pueden diferenciarse de las vias accesorias con localizaciôn en la
region pôstero-septal o en la pared libre derecha mediante el eje eléctrico del
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complejo QRS y la polaridad de la onda delta en las derivaciones inferiores. Las
vias accesorias localizadas en el septum medio se pueden distinguir de las
localizadas en la region ântero-septal mediante la diferencia entre el eje eléctrico
del complejo QRS y el eje de la onda delta, asi' como por el cociente R/S en la
derivation DHL Un ângulo entre los ejes eléctricos del complejo QRS y la onda
delta de > 20° y un cociente R/S igual a 1 en la derivation Dili hablan a favor
de una via accesoria auriculoventricular localizada en el septum medio.

En el Cap/ta/o 4 se muestra un ejemplo de un paciente con 3 vîas accesorias
y taquicardias supraventriculares sintomâticas tratado mediante la ablaciôn
transcatéter por radiofrecuencia.

El Copi'fu/o 5 demuestra que los patientes con fibrilaciôn auricular prolon-
gada (paroxfstica o crônica) pueden presentar un deterioro en su funciôn
cardiaca. Este deterioro de la funciôn cardiaca parece estar relacionado con la
duration de la arritmia. En esos pacientes la fraction de eyecciôn ventricular
izquierda puede mejorar significativamente una vez que la frecuencia ventri-
cular ha sido controlada mediante la ablaciôn del sistema de conducciôn
auriculo-ventricular y la implantation de un marcapaso fisiolôgico. En treinta
pacientes con fibrilaciôn auricular sin cardiopatia orgânica demostrable se
estudiô la funciôn ventricular izquierda antes y después de la ablaciôn de la
conducciôn auriculo-ventricular. Se determinaron mediante echocardiograffa la
fraction de eyecciôn ventricular izquierda, las dimensiones del ventriculo iz-
quierdo en telesistole y telediàstole, asi como las dimensiones de la auricula
izquierda antes y después de la ablaciôn. Antes de la ablaciôn la fraction de
eyecciôn ventricular izquierda fue < 50% en 12 pacientes (grupo I) y > 50% en
18 pacientes (grupo II). La duration de la fibrilaciôn auricular fue la ûnica
diferencia observada entre los dos grupos de pacientes ( grupo I: 8-28, media 11
anos, grupo II: 2-14, media 5.4 anos, p < 0.05). En el grupo I la fraction de
eyecciôn ventricular izquierda aumentô después de la ablaciôn de 43 ± 8 % a 54
± 7 % (p < 0001). Se observé también una disminuciôn significativa de las
dimensiones del ventriculo izquierdo en telesistole y telediàstole, asi como de
las dimensiones de la auricula izquierda. Estas diferencias no se observaron en
los pacientes del grupo II. Aunque la incidencia exacta de la fibrilaciôn auricular
sin cardiopatia orgânica demostrable no se conoce, nuestros hallazgos
demuestran que en algunos pacientes con fibrilaciôn auricular de este tipo y con
una duration prolongada se puede desarrollar un deterioro severo de la funciôn
ventricular izquierda. En estos pacientes, la funciôn ventricular izquierda mejora
significativamente una vez que la frecuencia ventricular se ha controlado
mediante la ablaciôn del sistema de conducciôn y la implantation de un mar-
capaso fisiolôgico.
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En el Capi'm/o 6 se analiza el valor pronôstico del electrocardiograma (ECG)
de alta resoluciôn (método de promediaciôn de senates) realizado de una manera
seriada en 190 pacientes tras su primer infarto de miocardio. Los ECG de alta
resoluciôn se realizaron durante los primeras 3 dias después del infarto de
miocardio (estadfo 1), en la segunda semana (estadfo 2) y después de 6 meses
(estadio 3). Mediante un anâlisis de regresiôn multiple utilizando variables
continuas las dos variables con mayor valor predictivo para identificar los
pacientes propensos a desarrollar taquicardia ventricular o fibrilaciôn
ventricular nan sido: la fracciôn de eyecciôn ventricular izquierda (p < 0.0001),
seguida de la duraciôn del complejo QRS en el ECG de alta resoluciôn
registrado durante los primeras 3 dias después del infarto (p < 0.0005). La
fracciôn de eyecciôn ventricular izquierda (p < 0.02) fue el ûnico valor predic-
tivo para identificar a los pacientes con alto riesgo de muerte sûbita. Estos
hallazgos sugieren que el grado del dano miocardico evaluado mediante la
fracciôn de eyecciôn ventricular izquierda es el mejor parâmetro para identificar
a los pacientes con riesgo a desarrollar arritmias ventriculares sostenidas durante
el seguimiento, comparado con el electrocardiograma de alta resoluciôn y que
la fracciôn de eyecciôn ventricular izquierda ha sido el ùnico valor predictivo en
la identificaciôn de pacientes con alto riesgo de muerte sûbita tras un infarto de
miocardio. Asi pues, los electrocardiogramas de alta resoluciôn realizados de
manera seriada no aumentaron la capacidad de detectar los pacientes con alto
riesgo de taquiarritmias ventriculares o muerte sûbita.

En el Cap/fw/o 7 se examina las caracteristicas de las 12 derivaciones del ECG
de superficie durante una taquicardia ventricular (TV) en 73 pacientes con
antécédentes de infarto de miocardio (TV postinfarto; grupo A) y en otros 73
pacientes con un TV de etiologia no isquémica (grupo B). Se dispuso de setenta
y cinco electrocardiogramas de pacientes del grupo B (8 con displasia
ventricular derecha, 24 con TV idiopâtica y 43 taquicardias mostrando una
conducciôn anterôgrada preferencial a través de una via accesoria). La presencia
de un complejo qR o QR (con una cociente Q/R igual o mayor del 25%) en
cualquiera de las derivaciones excepto en la derivaciôn aVR fue el mejor
parâmetro para diferenciar una TV postinfarto de una etilogia no isquémica
(especificidad 100%, sensibilidad 90%). En TV con morfologia de bloqueo de
rama derecha, (44/73 grupo A, 44/75 grupo B) el parâmetro mâs util en la
diferenciaciôn entre una TV postinfarto y una TV de etiologia no isquémica ha
sido la suma de la amplitud de la onda R en todas las derivaciones precordiales
> 80 mm.; (4/44 grupo A, 44/75 grupo B); especificidad 90%, sensibilidad
90%). También en este mismo tipo de TV con imagen de bloqueo de rama
derecha la distancia desde el inicio hasta la cima de la onda R en la derivaciôn
VI (100 ± 50 mseg vs 87 ± 38 mseg (p < 0.01)), asi como la distancia desde el
inicio hasta el nadir de la onda S en la derivaciôn V6 (89 ± 27 mseg vs 71 ± 18
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mseg) p < 0.001) nan sido mayores en los pacientes del grupo A que en los del
grupo B). En las TV con una morfologîa de bloqueo de rama izquierda la suma
de la amplitud de la onda R en las derivaciones esta ha sido mayor en los
pacientes del grupo B (origen no isquémico) (41 ± 2 3 mm) que en las TV
postinfarto (29 ± 12 mm) (p < 0.001). Por consiguiente, el ECG durante ta-
quicardia ventricular puede mostrar caracterîsticas que sugieren un origen pos-
tinfarto o una etiologîa no isquémica.
En el Cap/'fM/o S se demuestra que mediante la utilization de information clînica
se puede obtener un îndice pronôstico util en la identification de pacientes con
alto o bajo riesgo de récidivas de taquicardias ventriculares tras un infarto de
miocardio. Se estudiaron doscientos seis pacientes de Maastricht con TV
monomôrfica sostenida o con fibrilaciôn ventricular (FV) tras el episodio agudo
de un infarto de miocardio. 74/206 (36%) (64 pacientes con TV y 10 pacientes
con FV) presentaron récidivas de TV monomôrfica sostenida durante un
seguimiento de 3.4 ± 9 anos. Mediante un anâlisis logîstico descriminante
escalonado se seleccionaron 3 variables clînicas en el grupo de pacientes
estudiado, que se codificaron del modo siguiente: intervalo de tiempo compren-
dido entre el infarto de miocardio y la presentaciôn de la arritmia (< 2 meses =
1,2 a 6 meses = 2, > 6 meses = 3), tratamiento antiarritmico: sotalol, o no sotalol
(sotalol = 1, no sotalol = 2), tipo de arritmia clînica TV o FV ( TV = 1, FV = 2).
El îndice pronôstico determinado de este modo fue: 3.41- (0.56 x intervalo) -
(1.94 x tratamiento) + (0.86 x arritmia). Cuando se evaluô prospectivamente este
indice pronôstico en un grupo testigo de 158 pacientes de Heidelberg con TV
monomôrfica sostenida o FV, detectadas después de la fase aguda del infarto, se
identificaron dos clases de pacientes: aquellos con un alto riesgo de récidivas de
TV (61%) que corresponden a los pacientes con un îndice negativo, y los
pacientes con un bajo riesgo (4%) que corresponden a los pacientes con un
îndice positive Este îndice pronôstico podria ser utilizado en la selection del
tratamiento en los pacientes que presentan taquicardia ventricular o fibrilaciôn
ventricular después del infarto de miocardio.

En el Capi'fM/o 9 se analiza la incidencia y el tiempo de presentaciôn de
récidivas de TV sostenidas o de la muerte sûbita en 206 pacientes que han
sobrevivido a su primer episodio de FV (52 pacientes) o de TV sostenida (154
pacientes) tras un infarto de miocardio. Todos los pacientes fueron tratados con
fârmacos antiarritmicos (seleccionados empîricamente), 49% de entre ellos
fueron tratados con amiodarona. La incidencia de muerte sûbita mostrô dos
picos, el primera alrededor de los 3 meses y el segundo alrededor de los 12
meses. Las récidivas no fatales de TV fueron mas frecuentes (ocurriendo
preferentemente en los primeras 6 meses) en el grupo de pacientes con TV que
en el grupo con FV. En los pacientes que sobrevivieron 1 ano la muerte sûbita
ocurriô ûnicamente en un 10% durante los 3 aiios siguientes. Comparando los
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pacientes con una fraction de eyecciôn ventricular izquierda < 40% o > 40% se
observé una mayor incidencia de muerte sûbita en los pacientes con fraction de
eyecciôn < 40% (28/65 vs 3/141; p < 0.0001). No se encontre ninguna relation
entre el valor de la fraction de eyecciôn ventricular izquierda y la presencia de
récidivas de TV.

En el Capjto/o 70 se examina el valor de la estimulaciôn eléctrica programada
del corazôn en la prediction de la muerte sûbita en pacientes con taquiarritmias
ventriculares tras de un infarto de miocardio tratados con amiodarona. Se
estudiaron ciento seis pacientes con documentation clinica de TV monomôrfica
sostenida (77 pacientes) o FV (29 pacientes). Todos los pacientes habfan
recibido amiodarone al menos 1 mes antes del estudio electrofisiolôgico. En
80/106 pacientes se pudo inducir una FV (15 pacientes) o una TV monomôrfica
sostenida (65 pacientes). Después de un seguimiento de 50 ± 40 meses (1-144),
13 pacientes fallecieron de muerte sûbita (11 pacientes) o utilizaron su des-
fibrilador (2 pacientes). Mediante un anâlisis multivariado se detectaron 2
predictores para la muerte sûbita: la inducciôn de una FV (p < 0.0001)) y una
fraction de eyecciôn ventricular izquierda de < 40% ( p < 0.05)). Se deter-
minaron las curvas actuariales para la muerte sûbita en los grupos de pacientes
en los que se indujo una FV o TV monomôrfica sostenida asi como para el grupo
de pacientes en los cuales no se puso inducir ninguna arritmia sostenida. La
probabilidad de supervivencia estimada a los 1, 2, 3 y 5 anos fue de 70%, 62%,
62% y 40% respectivamente en el grupo de pacientes con FV inducida y fue de
98%, 96%, 94%, 94% en el grupo de pacientes con TV monomôrfica sostenida
inducida. En el grupo de pacientes en los cuales no se pudo inducir ninguna
arritmia sostenida la probabilidad de supervivencia estimada a los 5 anos fue del
100%. Por consiguiente, en los pacientes que padecen de arritmias ventriculares
malignas tras un infarto de miocardio y son tratados con amiodarona, la induc-
ciôn de una FV pero no de una TV monomôrfica sostenida sugiere un alto riesgo
de muerte sûbita.
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