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Introduction: We evaluated the potential ability of the electrophysiological (EP) inducibility of ventricular arrhythmias to predict the likelihood of appropriate ICD intervention over the long-term in ischemic and nonischemic patients with current primary prevention indications for ICD implantation.
Methods: Between 2006 and 2008, 206 consecutive heart failure patients who were candidates for ICD implantation for the primary prevention of sudden cardiac death according to standard indications underwent
EP testing, usually on ICD implantation.
Results: On EP testing, 15 (7%) patients had inducible monomorphic ventricular tachycardia (VT) and 14
(7%) ventricular fibrillation (VF). Over 24 months, 64 (31%) patients received appropriate ICD therapies: 51
(25%) for VT and 16 (8%) for VF. The time to the first appropriate ICD therapy trended to be shorter in the
group of patients who were inducible on EP testing (p=0.072). Among patients receiving appropriate therapies, the median number of arrhythmic episodes was 2, and the proportion of patients with ≥2 treated arrhythmic episodes was higher in the group of inducible patients (34% versus 14%, p=0.005). On multivariate analysis, inducibility proved to be an independent predictor of frequent (≥2) arrhythmic episodes, as did
a history of coronary artery bypass grafting. Moreover, patients with ≥2 treated arrhythmic episodes showed
higher mortality (log-rank test, p=0.042).
Conclusion: Patients with inducibility of VT or VF are more likely to experience frequent appropriate ICD therapies during follow up.

S

everal studies of the primary prevention of sudden cardiac death
(SCD) have confirmed that implantable cardioverter defibrillators (ICD)
improve the survival of patients with ischemic and non-ischemic dilated cardiomyopathy, showing a 23-59% reduction in
the risk of death in ICD recipients.1-5
Electrophysiological (EP) testing has
been evaluated in ischemic cardiomyopathy and was found to be predictive of arrhythmic events.6,7 However, prior studies
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in patients with non-ischemic cardiomyopathy have suggested that EP inducibility may be of limited value in identifying
patients at increased risk of arrhythmic
events.8,9
In this study, we sought to evaluate the
potential ability of EP inducibility of ventricular arrhythmias to predict the likelihood of appropriate ICD intervention over
the long term in ischemic and non-ischemic patients with current primary prevention indications for ICD implantation.
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Methods
Study population
From 2006 to 2008, this prospective multicenter study
enrolled consecutive adult patients with heart failure
who presented at the participating centers for ICD
implantation for the primary prevention of SCD according to standard indications.10 Informed consent
was obtained from all patients. The principles outlined in the Declaration of Helsinki were followed.
Baseline evaluation included demographics and
medical history, clinical examination, 12-lead electrocardiogram, estimation of New York Heart Association (NYHA) functional class and assessment of left
ventricular ejection fraction (LVEF).
Defibrillator implantation and device programming
Devices and pacing leads (Boston Scientific Inc.,
Natick, MA, USA) were implanted using standard
techniques. All devices were programmed with two
arrhythmia detection zones: ventricular tachycardia
(VT) (160-200 beats/min) and ventricular fibrillation
(VF) (>200 beats/min). An arrhythmic episode was
detected when 8 of the last 10 intervals fell within the
detection zone. An additional period of 5 seconds in
the VT zone and 1 second in the VF zone was programmed for confirmation of the detection before
therapy delivery. Non-sustained VT was defined as
ventricular arrhythmia lasting 3 beats or more and
terminating before the delivery of device therapy. Defibrillators were programmed to deliver anti-tachycardia pacing (3 bursts of 8-9-10 pulses coupling at
81% of the tachycardia cycle, with a decrement of 8
ms) for VT termination,10 possibly followed by a 17
J shock and then 4 shocks at 31 J. In the VF zone, 8
shocks at 31 J were programmed.
EP Testing for Inducibility
On implantation, patients underwent noninvasive EP
testing. The stimulation protocol, delivered at one
right ventricular site through the ICD, entailed pacing cycle trains of 600 ms and 400 ms followed by up
to three extra stimuli at coupling intervals not less
than 200 ms. A sustained arrhythmia was defined a
priori as one treated by the device. The EP study endpoints were induction of one episode of sustained
ventricular arrhythmia or completion of the protocol. On completion of the EP study, a defibrillation
threshold test was performed. VF induced for the

purpose of defibrillation threshold testing did not
meet the definition of inducibility.
Follow up
Pharmacological treatments were based on clinical
evaluation by the attending physicians.
We collected and evaluated arrhythmias and device therapies for at least 24 months and recorded
survival status for more than 2 years. The information from the ICD was downloaded at the time of implantation, every 6 months thereafter, and after ICD
shocks were delivered. All electrograms showing nonsustained VT or events that triggered ICD therapies
were assigned to two blinded independent expert
electrophysiologists, who classified the events according to predetermined diagnostic criteria for cardiac
rhythms. To discriminate ventricular from supraventricular rhythms, we analyzed onset characteristics,
electrograms recorded before detection of the arrhythmia and after delivery of the shock, and plots of
RR intervals. Therapies were considered to be appropriate if the triggering rhythm was determined to be
VF or VT. Mortality data were obtained by means of
hospital file review or direct telephone contact.
Statistical analysis
Continuous data are expressed as mean ± standard
deviation. Categorical data are expressed as percentages. Differences between mean data were compared
by means of a t-test for Gaussian variables, and by the
Mann–Whitney non-parametric test for non-Gaussian variables. Differences in proportions were compared by means of chi-square analysis or Fisher’s exact test, as appropriate. Arrhythmia and mortality
rates were summarized by constructing Kaplan–Meier curves, and the distributions of the groups were
compared by means of a log-rank test. Univariate binary logistic regression analysis was used to analyze
possible predictors of arrhythmia recurrence. All variables associated with a p-value <0.20 were considered for multivariate binary logistic regression analysis. A p-value <0.05 was considered significant for
all tests. All statistical analyses were performed using
SPSS software (SPSS Inc., Chicago, IL, USA).
Results
Study population and electrophysiological inducibility. A total of 206 consecutive heart failure patients
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On EP testing, 15 (7%) patients had inducible monomorphic VT, 14 (7%) had inducible VF, and 18 (9%)
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was significantly higher in patients with arrhythmia
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Over 24 months, 64 (31%) patients received appropriate ICD therapies and 27 (13%) inappropriate therapies. Among patients receiving appropriate therapies, 51 (25%) had VT and 16 (8%) VF.
Among patients receiving inappropriate therapies,
22 (11%) received anti-tachycardia pacing and 16
(8%) received a shock. In addition, the ICD detected non-sustained VT in 157 (76%) patients. The Kaplan–Meier analysis showed a trend toward shorter
time to first appropriate ICD therapy (p=0.072) in
the group of patients inducible on EP testing (Figure 1). The numbers of patients who received one or
more device therapies for VT or VF, grouped by in-
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ducibility on EP testing, are presented in Figure 2.
Among patients receiving appropriate therapies, the
median number of arrhythmic episodes was 2 (25th75th percentile: 1-4). The proportion of patients
with 2 or more treated arrhythmic episodes during
follow up was significantly higher in the group of inducible patients (10 out of 29) than among non-inducible patients on EP testing (24 out of 177; 34%
versus 14%, p=0.005).
Baseline parameters were evaluated for their

Inducible
patients
(n=29)

Non-inducible
patients
(n=177)

Male sex, n (%)
158 (77)
24 (83)
134 (76)
Age, years
68 ± 10
66 ± 9
68 ± 10
Ischemic etiology, n (%)
135 (66)
24 (83)
111 (63)
NYHA, n (%):				
Class I
2 (1)
0 (0)
2 (1)
Class II
91 (44)
13 (45)
78 (44)
Class III
110 (53)
16 (55)
94 (53)
Class IV
3 (1)
0 (0)
3 (2)
LV ejection fraction, %
28 ± 5
29 ± 5
28 ± 5
QRS duration, ms
113 ± 30
105 ± 30
115 ± 30
Left bundle branch block, n (%)
79 (38)
7 (24)
72 (41)
Permanent atrial fibrillation, n (%)
46 (22)
5 (17)
41 (23)
Myocardial infarction, n (%)
126 (61)
22 (76)
104 (59)
Previous CABG, n (%)
45 (22)
8 (28)
37 (21)
Previous angioplasty, n (%)
51 (25)
6 (21)
45 (25)
Hypertension, n (%)
119 (58)
16 (56)
103 (58)
Diabetes, n (%)
58 (28)
9 (31)
48 (27)
Type of defibrillator, n (%):				
Single-chamber
82 (40)
11 (40)
71 (40)
Dual-chamber
50 (26)
11 (38)
43 (24)
Biventricular
70 (34)
7 (24)
63 (36)
NYHA – New York Heart Association; LV – left ventricular; CABG – coronary artery bypass grafting.
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Figure 1. Kaplan–Meier estimates of time to first appropriate ICD
therapy.

Table 1. Demographics and baseline clinical parameters of the study population.
Parameter

30

p-value

0.405
0.202
0.035
0.841

0.664
0.126
0.090
0.456
0.087
0.418
0.663
0.844
0.649
0.251
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Figure 2. Numbers of patients who received one or more device
therapies for VT or VF. Proportions of inducible patients on electrophysiological testing compared with “No episodes” group.

ability to predict frequent (i.e. ≥2) arrhythmic episodes during follow up (Table 2). On multivariate
analysis, inducibility on EP testing proved to be an
independent predictor of frequent arrhythmic episodes, as did a history of coronary artery bypass
grafting.
During a follow up of 37 ± 15 months, 30 patients
died. Inducibility on EP testing was not associated
with higher mortality (log-rank test, p=0.311). However, patients with 2 or more treated arrhythmic episodes during follow up showed substantially higher
mortality. Figure 3 shows the survival curves for allcause mortality obtained by means of Kaplan–Meier
analysis (log-rank test, p=0.042).

Our study showed a weak association between arrhythmia inducibility by programmed stimulation and
appropriate ICD intervention during follow up in patients with either ischemic or non-ischemic cardiomyopathy who received an ICD for the primary prevention of SCD. Only a trend towards a shorter time to
the first tachyarrhythmia recurrence requiring ICD
intervention was observed in patients with ventricular arrhythmia inducibility during the EP study. However, the proportion of patients with frequent (≥2 episodes) arrhythmias was higher among inducible patients, and inducibility turned out to be an independent predictor of multiple ICD interventions during
follow up.
Inducibility of ventricular arrhythmias in heart failure
patients
The predictive value of EP testing for stratifying patients in terms of the risk of life-threatening arrhythmias has been evaluated in ischemic6 and non-ischemic8,9 cardiomyopathy, and conflicting results have
been reported. Large randomized studies have recently
demonstrated the beneficial role of ICD in the primary
prevention of SCD, regardless of the underlying heart
disease and without inducibility as a requirement for
implantation.5,12 Nonetheless, the role of programmed
stimulation in the risk stratification of ICD recipients
has continued to be investigated.13-15

Table 2. Univariate and multivariate analyses of factors predicting frequent (≥2) arrhythmic episodes during follow up.
		
OR
Male sex
Age (>70 years)
Ischemic etiology
Myocardial infarction
Previous CABG
Previous angioplasty
QRS duration
NYHA class I/II
LV ejection fraction (<25%)
Hypertension
Diabetes
Inducibility on EP testing
Permanent atrial fibrillation
Biventricular defibrillator

2.01
1.37
1.08
1.03
2.34
0.39
1.01
1.57
1.94
0.95
0.67
3.47
1.63
0.86

		
Multivariate analysis

Univariate analysis
95% CI

p

OR

95% CI

p

0.6–7.1
0.6–3.4
0.4–2.8
0.4–2.7
0.8–6.6
0.1–1.8
0.98–1.02
0.6–4.1
0.8–4.8
0.4–2.5
0.2–2.1
1.2–10.5
0.6–4.3
0.3–2.2

0.278
0.499
0.870
0.936
0.108
0.229
0.928
0.353
0.153
0.922
0.499
0.027
0.329
0.749

5.15
1.90
6.59
-

1.5–18.3
0.4–6.0
1.8–24.4
-

0.011
0.459
0.005
-

For QRS duration, 10 ms increments were considered. OR – odds ratio; CI – confidence interval; CABG – coronary artery bypass grafting; NYHA – New
York Heart Association; LV – left ventricular; EP – electrophysiological.
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In our series, a history of coronary artery bypass
grafting turned out to be an independent predictor
of frequent arrhythmic episodes during follow up.
Moreover, as expected,13,14 the prevalence of ischemic heart disease was higher among inducible patients.
The inducibility of VT in ischemic patients has
been found to be associated with a higher incidence
of subsequent ventricular arrhythmias and SCD, 6
whereas the predictive value of programmed stimulation in patients with dilated cardiomyopathy remains
less clear.8,9 These differences have been attributed to
the different electrophysiological substrates of these
two disease entities.16
The induction of polymorphic VT or VF has been
regarded as a non-specific response in most studies,
both in patients with ischemic and in those with nonischemic heart disease.17,18 However, we did not attempt to investigate the predictivity of induced VT
or VF separately. Indeed, the classification of events
relies on ICD detection criteria and programming, or
on subjective electrogram data interpretation. Moreover, such an analysis would have required a larger
study sample size. The same approach was adopted
in a substudy of DEFINITE,14 in which investigators
found that the inducibility of VT or VF in patients
with non-ischemic cardiomyopathy predicted a greater than twofold risk of the subsequent occurrence of
appropriate ICD intervention.

therapies are at higher risk of death. Indeed, several authors19-22 have noted an association between
shocks for ventricular tachyarrhythmias and worsened outcome, in particular death from pump failure. Whether shock therapy in itself worsens clinical
outcome is still debated, and conflicting results have
recently been published regarding the impact of inappropriate ICD shocks on total mortality.23,24 Nonetheless, regardless of the role of shocks, it is clear that
the severity of the underlying myocardial disease process provides the electrophysiological substrate for
tachyarrhythmias and influences both the rate of ICD
interventions and the subsequent outcome. Indeed,
in the present study we found an association between
increased mortality and frequent appropriate ICD
therapies, including both shocks and anti-tachycardia
pacing.
Defibrillator therapies should not be considered
a surrogate for SCD. Indeed, it has been demonstrated that appropriate shocks occur more frequently
than SCD, and many episodes of VT that are treated
by the ICD could terminate spontaneously.25 Nonetheless, it has been shown that, in patients with heart
failure who receive an ICD for primary prevention,
the occurrence of appropriate ICD therapy is an independent predictor of a poor outcome.20 Therefore,
this patient group would require more thoughtful
consideration, in order to reassess the therapeutic options that might modify the prognosis.
In our population, 31% of patients received appropriate defibrillation therapy during the 24-month
follow up, in agreement with previous results by
Daubert et al.14 However, the rate of spontaneous arrhythmic events depends largely on the characteristics
of the population, which, in the “real world” setting,
may differ from those of patients enrolled in trials.
The same applies to the inducibility rate observed, which may depend on the characteristics of
the population undergoing analysis and on the induction protocol adopted. Indeed, in the MADIT
II study, an aggressive protocol was adopted for arrhythmia induction in ischemic patients, resulting
in an inducibility rate of 36%.13 By contrast, we observed a 14% inducibility rate, in agreement with the
results obtained in non-ischemic patients of the DEFINITE substudy,14 in which a similar protocol of programmed stimulation through the ICD was applied.

ICD population survival

Limitations

Our findings confirm that patients receiving ICD

As the study sample size was small, the numbers of
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Figure 3. Kaplan–Meier estimates of time to death for patients
with <2 or ≥2 treated arrhythmic episodes during follow up.
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patients inducible on EP testing or receiving appropriate therapies during follow up were also small.
However, previous studies investigating the predictive
role of programmed ventricular stimulation have involved samples of comparable size.14 EP testing was
conducted through the ICD, with stimulation at only
one ventricular site. However, this method has been
shown to produce results comparable to the standard
invasive approach.26 Moreover, this method is easy
and straightforward and can be applied in clinical
practice during implantation at the time of defibrillation threshold testing. In our EP study, a sustained arrhythmia was defined as one satisfying the detection
criteria of the ICD. Presumably, some of these episodes could spontaneously terminate before becoming clinically relevant. However, the aim of the analysis was to predict ICD intervention during follow up,
when the device is programmed to deliver therapies
under the same conditions.
Conclusions
In summary, we found that patients with inducibility
of VT or VF were more likely to experience frequent
appropriate ICD therapies during follow up. These
patients have higher mortality during a 24-month
follow-up period and might constitute a subgroup of
patients, among the large cohort of patients who undergo ICD implantation,27 who require more careful
treatment and follow up.
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