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Introduction

Sudden cardiac death is the leading cause of mortality
in the United States. It is estimated that 200,000 –
400,000 sudden deaths occur annually. The vast major-
ity of these deaths is encountered among patients with
symptomatic heart failure associated with reduced left
ventricular function. In the Framingham study, the sud-
den death rate for patients with heart failure was nine
times the general age-adjusted population rate [1]. 
The annual incidence of sudden death is expected to
increase with the increasing incidence of heart failure.
There are 4 – 5 million people living with chronic heart
failure, and an additional 400,000 new cases are diag-
nosed each year. The increasing incidence of heart fail-
ure is primarily due to the advancing age of the popu-
lation with coronary artery disease, which is now the
principal cause of heart failure associated with reduced
ventricular function [2]. 
Mortality due to progressive heart failure associated
with reduced left ventricular function has declined. In
the Framingham study, total mortality was 24 % and 55
% within 4 years of developing symptomatic heart fail-
ure for women and men, respectively. These statistics
approximate well the natural history of heart failure as
the subject population was untreated by contemporary
standards [3]. 

Recognition of the beneficial effects of angiotensin-
converting enzyme (ACE) inhibitors, diuretics, digox-
in, and beta-blockers have yielded substantial reduc-
tions in mortality due to progressive pump failure.
However, despite these improvements in medical ther-
apy, symptomatic heart failure still poses a 20 – 25 %
risk of premature death in the first 2 years after diag-
nosis. Approximately 50 % of these premature deaths
are sudden and attributable to ventricular tachycardia
(VT) or ventricular fibrillation (VF) [4]. 
Though appropriate shocks probably saved the lives of
those patients who received them, the mortality rate
remained high (25 – 30 % at 2 years). In our study, five
patients suffering from symptomatic ventricular tachy-
cardia were implanted with implantable cardioverter-
defibrillators (ICDs). This small study does not prove
that ICDs prolong survival compared to alternate thera-
py (amiodarone and pacemakers) in similar populations.
However, the high incidence of appropriate treatment
with ICD shocks and the association of recurrent syn-
cope with ventricular arrhythmias support the treatment
of patients with nonischemic dilated cardiomyopathy,
unexplained syncope, and a negative EP study [5]. 
This proportionate contribution of sudden death to
total mortality in heart failure associated with reduced
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VT. There was evidence of infra and lateral wall necro-
sis on the ECG, as well as of the right bundle branch
block. A contractile dysfunction of the right ventricu-
lar segment resulted in a severe systolic ventricular
dysfunction and an EF of 44 %. During the EP study,
it was possible to induce the same arrhythmia with
cycles of 280 ms; this degenerated to a ventricular flut-
ter, even with the administration of amiodarone. On
April 2, 2001, the patient was implanted with a Phylax
AV ICD, RX 53J BP atrial lead, and a Kainox SL 75/13
ventricular lead (Biotronik). The implant measure-
ments indicated a P-wave of 3.0 mV, atrial pacing
threshold of 0.4 V, R-wave of 10.0 mV, ventricular
slew-rate of 1.0 V/s, ventricular pacing impedance of
810 Ω, ventricular pacing threshold of 0.6 V, shock
impedance of 64 Ω. The defibrillation test was suc-
cessful at a minimum energy of 14 J.

Case 4
This was a 61 year-old male with idiopathic dilated
cardiomyopathy and frequent episodes of symptomatic
VT, refractory to pharmacologic treatment. An EP
study revealed a reduced Wenckebach point with a nor-
mal refractory period. Programmed ventricular pacing
with 600 ms cycles and three extra-stimuli induced a
sustained monomorphic VT with resultant cycles of 
380 ms, left bundle branch block morphology and a
downward deviated axis. The patient was able to
hemodynamically tolerate the condition, and the heart
was reverted with ventricular pacing. On April 20,
2001, the patient was implanted with a MycroPhylax
Plus ICD and a Kainox SL 75/16 ventricular lead
(Biotronik). The R-wave measured during implanta-
tion was 8.0 mV, ventricular slew-rate 1.0 V/s, pacing
impedance 512 Ω, pacing threshold 0.6 V, shock
impedance 38 Ω. The defibrillation test was successful
at a minimum energy of 14 J.

Case 5
The patient, a 45 year-old male, had idiopathic dilated
cardiomyopathy and frequent episodes of symptomatic
VT, with a poor response to pharmacologic treatment.
The ECG revealed a moderate increase of the left atri-
um and ventricle, while the EF was 44 %. The EP
study revealed a slight nodal depression (probably due
to drugs such as amiodarone and carvedilol). Using
two extra-stimuli, it was possible to induce a sustained
VT (on the right ventricular outflow tract), which
degenerated into VF, and consequently required elec-

left ventricular function has not changed substantially
between the Framingham data and the present time [6].

Presentation of Five Cases from Our Hospital

Case 1
The patient, a 28 year-old male, was first examined in
March 2000. Several syncopal episodes, from left-
sided VT, were confirmed during EP study; these prob-
ably originated from arrhythmogenic dysplasia. These
events presented with three distinct morphology and
frequency patterns. Radiofrequency ablation was first
used to treat the problem, but no success was achieved.
The clinical response to amiodarone was inadequate in
controlling the symptomatic episodes of tachyarrhyth-
mia. On May 31, 2000, the patient was implanted with
a Phylax XM ICD and a Kainox SL 75/13 lead
(Biotronik, Germany). The R-wave measured during
implantation was 8.1 mV, slew-rate 0.8 V/s, pacing
impedance 578 Ω, and pacing threshold 1.2 V. The
defibrillation test was successful at a minimum energy
of 14 J. The ejection fraction (EF) measured by
Doppler echocardiography was 64.7 %.

Case 2
The patient, a 33 year-old male, was followed for 
6 months before an ICD implantation. He presented
with episodes of symptomatic VT that were unable to
control with standard medications. Routine visits
revealed a normal ECG. The EF was 64 %, indicating
normal functioning of cardiac chambers. During tachy-
carda, QRS complexes became widened. VF was
inducible during the EP examination by a rapid pacing
(220 ms) of the right ventricular outflow tract, which
was reverted by electrical cardioversion with 300 J. On
June 6, 2000, the patient was implanted with a Phylax
AV ICD, an RX 53J BP atrial lead, and a Kainox SL
75/13 ventricular lead (Biotronik). Atrial measure-
ments during implantation revealed a P-wave of 
6.0 mV, slew-rate of 1.3 V/s, pacing impedance of 469
Ω, and pacing threshold of 0.6 V. In the ventricle, R-
wave was 29.1 mV, slew-rate 2.9 V/s, pacing imped-
ance 957 Ω, pacing threshold 0.4 V, and shock imped-
ance 47 Ω. The defibrillation test was successful at a
minimum energy of 10 J.

Case 3
The patient, a 60 year-old male, presented ischemic
cardiomyopathy and frequent episodes of symptomatic
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trical cardioversion. On June 8, 2001, the patient was
implanted with a MycroPhylax Plus ICD and a Kainox
SL 75/16 ventricular lead (Biotronik). The R-wave
measured during implantation was 18.0 mV, slew-rate
1.0 V/s, pacing impedance = 830 Ω, pacing threshold
= 0.8 V, shock impedance = 47 Ω. The defibrillation
test was successful at a minimum energy of 15 J.

Discussion

In 1997, approximately 1,425 physicians implanted a
total of 35,630 ICDs in 817 hospitals in the US.
Primary ICD implantations increased from 56 per mil-
lion people in 1994 to 107 in 1997, which constitutes
about 19 % of the implantation rate for primary pace-
makers. The proportion of ICD pulse generator
replacements rose slightly during the same period,

from 17.7 % to 19.4 % of the total ICD implantation
number (Figure 1). 69 % of surgical respondents indi-
cated that they implanted ICDs, in contrast with 28 %
in 1993 [7]. The introducer method was used in most
transvenous lead placements (mean 63.4 %, median 
90 %), while cephalic vein cutdown was used less fre-
quently (mean 36.6 %, median 10 %). Primary ICD
implantation was indicated for spontaneous VF or VT
in 35.2 % of cases, aborted sudden death in 34.5 % of
cases, and syncope with inducible VT or VF in 24.7 %
of cases. Prophylactic ICD implantation accounted for
5.7 % of the population.
The typical choices for pulse generator placement were
the left infraclavicular space (79.1 %), the right infra-
clavicular space (7.8 %), the anterior abdominal wall
(13.1 %) and < 0.1 % for other locations. Endocardial
electrodes and an electrically active pulse generator
housing ("hot can") accounted for 82.2 % of the pri-
mary ICD implantations; endocardial electrodes alone
accounted for 14.8 %, and other configurations com-
prised the remaining 3.0 %. During the first 6 months
of 1997 only 0.4 % of the implanted ICD leads
required replacement. In 1997 almost half (49.2 %) of
the ICDs implanted did not deliver shocks during the
first year. Most (80.7 %) shocks were deemed appro-
priate, as determined by stored electrograms in 81.1 %
of cases, RR interval data in 13.3 %, and the patient's
symptoms in 5.6 % of cases. 
Prior to the advent of large clinical trials comparing
randomized therapies for heart failure or sudden death
associated with reduced ventricular function, the
importance of classification and mechanism of death
received more attention. By systematically analyzing
142 deaths, Hinkle and Thaler [8] described a classifi-
cation scheme based on the circulatory condition
immediately prior to death. Arrhythmic deaths were
those in which the subject abruptly collapsed and the
pulse ceased prior to circulatory collapse. Circulatory
failure deaths were those in which the pulse ceased
only after the peripheral circulation had collapsed.
Using this scheme, 58 % of deaths were arrhythmic
and 42 % were due to circulatory collapse. Nearly
equal amounts of arrhythmic deaths occurred out of the
hospital, whereas deaths due to circulatory collapse
occurred in the hospital. Similarly, nearly equal
amounts of deaths caused by an acute cardiac event
were arrhythmic, whereas deaths caused by non-car-
diac events (acute respiratory failure, hemorrhage,
infection, stroke) were due to circulatory collapse.

Figure 1. Trends in implantable cardioverter defibrillators
(ICDs) per million population over a 7-year period as esti-
mated by device manufacturers: primary implants (II),
replacements (III), total (I). In 1997, more than 35,600 ICDs
were implanted.
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only predictor of arrhythmia recurrence [12]. Andrews
et al., using a retrospective case-controlled design,
reported a high incidence (57 % at 1 year) of sponta-
neous VT logged by ICDs among patients with unex-
plained syncope, predominantly ischemic heart disease
and inducible sustained ventricular arrhythmias. The
incidence of shocks due to documented VT was not
significantly different than similar patients who pre-
sented with spontaneous VT rather than syncope. The
patients did not receive antiarrhythmic drugs, suggest-
ing that the incidence of spontaneous VT approximat-
ed the natural history in the study population. The
mean EF in the study population was 0.30, and 45 % of
the patients had New York Heart Association (NYHA)
class III or IV heart failure symptoms. 40 % of syncope
patients had a recurrence due to spontaneous VT as
logged by ICDs [13]. Knight et al. used a similar ret-
rospective case-controlled study to report a high inci-
dence (50 %) of appropriate ICD shocks among
patients with non-ischemic dilated cardiomyopathy,
unexplained syncope, and a negative EP study. The
mean left ventricular EF was approximately 0.25 and
most patients had symptomatic heart failure [14].

Conclusion

The evolution of our patients was similar to that
observed in the previously cited literature. All patients
were evaluated by an EP study, which confirmed the
presence of severe ventricular arrhythmia. The patients
were refractory to standard pharmacological therapy.
Two younger patients with good ventricular function,
two patients with dilated cardiomyopathy, and one
patient suffering from coronariopathy all had a satis-
factory response to ICD therapy.
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