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INTRODUCTION

In the mid ‘80s the implantable cardioverter/defibril-
lator (ICD) emerged in clinical practice1. The efficacy 
of the ICD in primary prevention of sudden cardiac 
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Background Randomized controlled trials have proven the effi  cacy of implantable cardioverter/defi brillators (ICDs) to prevent sudden cardiac 
death (SCD) in primary prevention. However, long-term data on the incidence of appropriate and inappropriate interventions in real life and on the predic-
tive value of commonly used clinical variables to guide patient selection are scarce. 

Methods We retrospectively studied 101 patients who received an ICD for primary prophylaxis of SCD: 63.4% with ischaemic heart disease (IHD) 
and 36.6% with idiopathic dilated cardiomyopathy (IDCM). The mean follow-up period was 26.2 (± 14.8; median 27.8; range 5.6-70.5) months. Age, left 
ventricular ejection fraction (LVEF), QRS duration, NYHA class and electrophysiological study (EPS) outcome were evaluated as predictors of ICD 
intervention.

Results At 2 years the cumulative incidence of appropriate (17.5% in IHD; 28% in IDCM; P = 0.63) and inappropriate (12.8% in IHD, 15.4% in IDCM; 
P = 0.62) interventions was similar in both groups. Atrial fi brillation was the most common cause of inappropriate interventions in the IHD group, sinus 
tachycardia in the IDCM group. Advanced age was associated with less inappropriate interventions (HR: 0.96 (95% confi dence interval (CI) 0.94-0.98); 
P < 0.01), and a better LVEF with less appropriate interventions (HR: 0.97 (95% CI 0.94-0.99); P < 0.01). This amounted in a signifi cant absolute diff erence 
in the number of appropriate interventions between the group with a LVEF < 25% and 25-34% after 3 years of follow-up of 42% in IHD (48% vs 6%). 
A prolonged QRS duration was associated with a slightly elevated risk for appropriate interventions only in the IHD group (HR: 1.01 (95% CI 1.00-1.03); 
P = 0.04). On the other hand, increased NYHA class was only associated with increased risk for appropriate interventions in the IDCM group (HR: 5.24 (95% 
CI 1.11-24.74); P = 0.04). No signifi cant statistical association was found between a positive EPS and appropriate or inappropriate interventions. 

Conclusions In primary prevention, during a mean follow-up of 2 years, one in fi ve patients had a possibly live-saving appropriate intervention. 
However, the incidence of inappropriate interventions was substantial. Predictors for appropriate interventions were: (i) LVEF in the total study group, 
(ii) NYHA class in the IDCM group and (iii) QRS duration in the IHD group. 
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death (SCD) has been established in multiple random-
ized controlled trials. The MADIT I, MUSTT, MADIT 
II, COMPANION and SCD-HeFT trials showed a sig-
nificant reduction in total mortality of ICD implantation 
compared to pharmacological therapy2-6. Initially inclu-
sion was limited to patients with a prior myocardial 
infarc -tion (MI), left ventricular ejection fraction (LVEF) 
≤ 35 or 40%, non-sustained VT (NSVT) on monitoring 
and inducibility of sustained VT on electrophysiological 
study (EPS) (MADIT I and MUST). In later trials also 
patients with non-ischaemic heart disease (NIHD) were 
included and inclusion criteria were limited to LVEF 
≤ 30-35% (NYHA class II – IV, QRS > 120 msec) without 

[ Original article ]
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increased in patients with a higher LVEF22. Similar find-
ings were derived from the MADIT II-EPS registry21. 
However, the latter study showed that, when a more 
stringent definition of EPS positivity i.e. induction of 
sustained monomorphic VT was used and when out-
come was defined as risk at VT, EPS positivity had a 
significant prognostic ability21. A recent study, the Alter-
nans Before Cardioverter Defibrillator (ABCD) Trial, 
revealed that a positive EPS has moderate ability to 
predict appropriate ICD therapy or SCD23. In patients 
with NIHD the value of EPS remains controversial24. 

METHODS

Patients

We retrospectively studied the occurrence of appro-
priate and inappropriate ICD interventions in 101 
patients who received an ICD for primary prevention 
in our centre between 1996 and 2008. The mean follow-
up period was 26.2 ± 14.8 months (median 27.8 months, 
range 5.8 to 70.5 months). 63.4% suffered from IHD 
(prior myocardial infarction and EF ≤ 35% (‘MADIT-II 
like indication’) or EF ≤ 40% and NSVT on monitoring 
with inducible VT on EPS (‘MADIT-I or MUST-like 
indication’), 36.6% from IDCM (no evidence of ischae-
mic heart disease, EF < 35% and NYHA class ≥ II).

LVEF, QRS duration, ICD-type

LVEF was derived from the last available transtho-
racic echocardiography obtained before implantation. 
Cut-offs (%) to divide subgroups were < 25, 25-34 and 
≥ 35%. QRS duration was derived from the last pre-
implantation ECG. Cut-offs (msec) to divide subgroups 
were < 120, 120-140 and > 140 ms. After an ICD replace-
ment data analysis was continued.

EPS and ICD interventions

The EPS was considered to be positive in any of the 
following results: (i) induction of sustained monomor-
phic VT with 1, 2, or 3 extrastimuli, (ii) induction of 
sustained polymorphic VT or VF with 1 or 2 VES. ICD 
interventions were assessed by the treating physician. 
Any ICD intervention (DC-shock (or antitachypacing) 
triggered by either VT or VF was considered appropriate. 
The classification of episodes as appropriate or inappro-
priate was performed by the treating electrophysiologist.

Statistical analysis

We assessed the association between pre-specified 
patient factors and the occurrence of appropriate and 

the necessity to record NSVT or demonstrated induc-
ibility (MADIT II, SCD-HeFT and COMPANION). A 
meta-analysis of older and smaller trials enrolling 
non-ischaemic heart disease patients (CAT, AMIOVIRT 
and DEFINITE) showed similar results7. An analysis of 
six of the trials mentioned above (except for CAT and 
AMIOVIRT) showed that the cost-effectiveness of ICD 
implantation as compared with control therapy ranged 
from $ 34,000 to $ 70,200 per QALY (quality-adjusted 
life-year) saved8. Conflicting evidence exists about the 
cost-effectiveness of ICDs for primary prevention of 
SCD in the Belgian health care setting. One study has 
confirmed previous results calculating a cost range of 
€ 19,760 to € 61,316 per QALY saved9. However, a sim-
ilar analysis from 2008 concluded that ICD implantation 
in Belgium was not cost effective for the primary preven-
tion of death in patients with a SCD-HeFT profile, unless 
price reductions, increased service life of the device and 
better risk stratification were introduced10. 

Real life data on the effectiveness of ICDs in primary 
prevention and better risk stratification are therefore 
necessary. The parameters currently used in clinical 
practice all suffer from the same limitation of having 
good negative predictive value but limited positive pre-
dictive value11. In secondary prevention of SCD, a neg-
ative, but non-significant, correlation has been found 
between the incidence of interventions (appropriate as 
well as inappropriate) and LVEF12. Moreover, LVEF is 
the most consistent and powerful predictor of cardiac 
mortality, regardless of its aetiology4,13-15. However, it has 
a relatively low specificity as a predictor of death from 
arrhythmia16. QRS duration is another valuable param-
eter to predict future risk at cardiac death, although it 
has not been established as a variable that strongly 
increases the strength of the ICD indication based on 
LVEF15,17,18). In a retrospective analysis of MADIT II 
patients it only predicted sudden cardiac death (SCD), 
ventricular tachycardia (VT) or ventricular fibrillation 
(VF) in medically treated patients, but not in ICD accep-
tors19. Evidence for NYHA class as an entry criterion is 
mainly preserved for class II and III. The MADIT-CRT 
trial however adds more evidence for NYHA class I (and 
II)20. Paradoxically, the degree of NYHA class is not 
linearly correlated with the prevalence of fatal arrhyth-
mias16. Inducibility at EPS could constitute a fourth 
important predictor of cardiovascular risk15,21. The 
MUSTT trial demonstrated a significant, but low differ-
ence in risk at cardiac arrest or death at 2 years of follow-
up among patients with a positive EPS in the absence of 
anti-arrhythmic therapy, compared to non-inducible 
patients (18% and 12%, respectively)3,21. The trial also 
showed that the 5-year mortality through arrhythmic 
death was not significantly different if VT was inducible 
or when the LVEF was ≤ 30%, but that it was significantly 
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inappropriate interventions by calculating the cumula-
tive incidence function of appropriate and inappropriate 
interventions, using death as a competing risk. Groups 
were compared using the Pepe-Mori test. We performed 
Cox regression analyses in order to assess the association 
of pre-specified patient factors as continuous variables 
with ICD interventions. Results of the Cox regression 
analyses are presented by means of hazard ratios and 
associated 95% confidence intervals. Statistical signi-
ficance was assessed by means of a Wald test. For the 
analysis of LVEF categories, the lowest category (< 25%) 
was used as the reference category. To account for the 
multiple pairwise comparisons between the LVEF cat-
egories, a Bonferroni correction was applied to both the 
P-value and the calculation of the confidence intervals. 
In addition, Kaplan-Meier and cumulative incidence 
function estimates were calculated at several time points 
(0.5 year, 1 year, 2 years, 3 years, 4 years, 5 years). Con-
fidence intervals for the estimates were calculated using 
the log-log formula. All tests were two-sided and per-
formed at the 5% significance level. All statistical analy-
ses were done using SAS v9.2.

RESULTS

Study population

Demographic characteristics are shown in table 1. 
IHD patients were significantly older than IDCM 
patients (64.6 y and 54.5 y; P < 0.01). There was a uni-
form distribution among the LVEF, QRS duration, and 
NYHA class subgroups within the IHD group, in con-
trast to the IDCM group, which included more patients 
with more depressed LVEF and high NYHA class. Com-
pared to the IDCM group, the IHD group contained a 
significantly larger proportion of patients with a QRS 
duration > 140 ms and a positive EPS. The mean LVEF, 
ICD-type and the use of beta-blockers were comparable 
in both study groups. 

ICD interventions

Figure 1 describes ICD interventions in both study 
groups. After 2 years, the cumulative incidence of 
appropriate interventions was 20.4%: 17.5% in IHD 
and 28.0% in IDCM patients. Appropriate interventions 
were ICD shocks in 77.3% and antitachypacing in 
22.7%. The cumulative incidence of inappropriate 
interventions at 2 years was 13.8%: 12.8% in IHD and 
15.4% in IDCM patients. Differences were not statisti-
cally significant. The causes of inappropriate therapies 
are shown in table 1. Atrial fibrillation was the most 
common cause of inappropriate interventions in the 
IHD group, sinus tachycardia in the IDCM group. 

Table 1 Demographic characteristics

IHD 
(n = 64)

IDCM 
(n = 37)

P

Age at implantation (y) 64.6 ± 9 54.5 ± 13.9 < 0.01

Male sex (%) 93.8 81.1 < 0.01

Average follow-up (m) 31.0 ± 15.5 21.4 ± 13.6 < 0.01

Median follow-up (m) 31.5 18.4

LVEF 26.6 ± 1.4 28 ± 6.7 0.10

< 25 % 45.3% 51.4%

25-34 % 32.8% 45.9%

> 35 % 21.9% 2.7%

QRS duration (msec) 136.8 ± 2.8 98.0 ± 17.0 < 0,01

< 120 36.0% 62.2%

120-140 21.9% 13.5%

> 140 42.1% 24.3%

NYHA class (%) 0.31

I 29.7 0.0

II 31.2 75.7

III 39.1 24.3

EPS (%) 79.7 48.6

EPS positivity (%) 92.2 50.0

Indication ICD (%)

EPS positivity 1.5 8.1

NSVT 71.9 59.5

Profylaxis 26.6 32.4

ICD-type (%)

Single-chamber 40.6 37.8

Dual-chamber 7.8 8.1

CRT-D 51.6 54.1

Cause of Ii (%)

Sinus tachycardia 0.0 86.5

Atrial fi brillation 78.2 10.8

T wave missensing 0.0 2.7

EMI 21.8 0.0

Medication (%)

Beta blocker 93.8 86.5

Amiodarone 28.1 29.7

Sotalol 4.7 10.8

ACE-I/ARB 98.4 89.2

Aspirin 73.4 37.8

Diuretic 71.9 86.5

Digitalis 15.6 27.0

CCB 4.7 5.4

Statin 92.2 29.7

Age and follow-up data are depicted as mean ± standard deviation. n: number, 
m: months, y: years, P: p-value, Ii: inappropriate intervention, EMI: electromag-
netic interference, CCB: calcium channel blocker. For the other abbreviations 
used: see list of abbreviations.
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Fig. 1 Cumulative 
incidence of 
appropriate and 
inappropriate 
interventions.

Fig. 2 Panel A: 
cumulative 
incidence of 
appropriate 
interventions 
according to LVEF. 
Panel B: cumulative 
incidence of 
inappropriate 
interventions 
according to LVEF.
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(table 4). We noticed a clear increased risk of appropri-
ate interventions with increased NYHA class in the 
IDCM subgroup (HR: 5.24; P = 0.04) (table 4). For the 
other analyses confidence intervals and P-values did not 
indicate any statistically significant associations. 

EPS

In both IHD and IDCM groups no significant rela-
tionship was found between inducibility at EPS and the 
incidence of appropriate or inappropriate interventions. 

Table 2 shows a negative association between advanced 
age and the number of inappropriate interventions for 
the total study group without a subgroup effect (HR: 
0.96; P < 0.01). In contrast, a positive, but non-significant 
relation was found between age and the number of 
appropriate interventions.

LVEF

As expected Cox regression analysis shows a negative 
relation between LVEF (as a continuous variable) and 
the risk of receiving an appropriate intervention (HR 
0.97; P < 0.01) (table 3). This effect seems to be most 
prominent in the IHD subgroup (HR: 0.95; P = 0.15). 
On the other hand, a positive relation was found between 
LVEF (as a continuous variable) and the risk of receiving 
an inappropriate intervention (HR 1.02; P = 0.04). IHD 
patients with the poorest LVEF (LVEF < 25%) had sig-
nificantly more appropriate interventions after 3 years 
of follow-up than patients with a LVEF between 25-34%: 
48% versus 6% (P = 0.01; figure 2).  

QRS duration and NYHA class 

We found a uniform and small, but significant posi-
tive relationship between QRS duration and appropriate 
interventions in the IHD subgroup (HR: 1.01; P = 0.04) 

Table 2 Association between age and appropriate or 
inappropriate interventions

PE 95% CI P

Appropriate intervention

Overall group 1.03 (1.00;1,05) 0.07

IHD group 1.01 (0.95;1.07) 0.78

IDCM group 1.04 (0.98;1.10) 0.19

Inappropriate intervention

Overall group 0.96 (0.94;0.98) < 0.01

IHD group 0.93 (0.86;1.02) 0.11

IDCM group 0.94 (0.88;1.01) 0.08

Cox regression analysis. PE: point estimate: hazard ratio for age, CI: confidence 
interval, P: p-value.

Table 3 Association between LVEF and appropriate or inappropriate interventions

PE 95% CI P PE 95% CI P

Ai Ii

Overall group 0.97 (0.94;0.99) < 0.01 1.02 (1.00;1.04) 0.04

IHD group 0.95 (0.89;1.02) 0.15 0.99 (0.92;1.07) 0.88

IDCM group 0.99 (0.88;1.12) 0.89 1.00 (0.87;1.14) 0.98

Cox regression analysis. Ai: appropriate intervention, Ii: inappropriate intervention, PE: point estimate: hazard ratio for LVEF, CI: confidence interval, P: p-value.

Table 4 Association between QRS duration/NYHA class and appropriate or inappropriate interventions

QRS NYHA

PE 95% CI P PE 95% CI P

Appropriate interventions

Overall group 1.02 (1.00;1.03) < 0.01 1.24 (0.76;2.04) 0.39

IHD group 1.01 (1.00;1.03) 0.04 0.74 (0.38;1.41) 0.36

IDCM group 1.00 (0.98;1.03) 0.79 5.24 (1.11;24.74) 0.04

Inappropriate interventions

Overall group 0.99 (0.98;1.01) 0.32 0.64 (0.37;1.09) 0.10

IHD group 0.98 (0.96;1.01) 0.13 1.29 (0.51;3.23) 0.59

IDCM group 0.99 (0.96;1.03) 0.68 1.19 (0.13;10.94) 0.88

Cox regression analysis. PE: point estimate: hazard ratio QRS duration/NYHA class, CI: confidence interval, P: p-value, QRS: QRS duration, NYHA: NYHA class.
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context of Belgian health care. Until 2006 inducibility at 
EPS was mandatory for the implantation of an ICD in 
the primary prevention setting. This explains why 92% 
had a positive EPS in the IHD in this registry. The pro-
portion of EPS negative patients was too low in IHD 
patients to allow a valid conclusion. In IDCM the value 
of EPS is not established.

Our study has certain limitations. The first and most 
important aspect is its retrospective nature. As a con-
sequence, ICD technology and programming were not 
totally uniform, so this part could not be dealt with in 
our description of methods. Secondly, the main part of 
our study population consisted of men. A subgroup 
analysis for women in terms of ICD interventions would 
have been interesting, certainly because a meta-analy-
sis from 2006 has shown that women did not signifi-
cantly benefit from ICD therapy28. We also did not 
analyse the influence of evolution of LVEF over time 
on risk at ICD intervention18. Finally, we did not include 
additional, potentially valuable parameters for risk 
stratification, like signal-averaged electrocardiogram, 
QT variability, QT dispersion, QT dynamicity, micro-
volt T-wave alternans, serum markers like BNP and 
CRP, cardiac magnetic resonance imaging and genetic 
profiling17,29-31.

CONCLUSION

We demonstrate that in real life one in five patients 
had a possibly life saving appropriate ICD intervention 
during a mean follow-up of about 2 years in the primary 
prevention of sudden death. There is, however, also a 
high incidence of inappropriate interventions. LVEF was 
found to be predictive for appropriate interventions in 
the total study group and NYHA class and QRS duration 
for appropriate interventions in the IDCM and the IHD 
subgroups, respectively. 

LIST OF ABBREVIATIONS

HR: hazard ratio, ICD: implantable cardioverter/
defibrillator, IHD: ischaemic heart disease, NIHD: non-
ischaemic heart disease, IDCM: idiopathic dilated car-
diomyopathy, CRT-D: cardiac resynchronization ther-
apy-defibrillator, SCD: sudden cardiac death, EPS: 
electrophysiological study, LVEF: left ventricular ejec-
tion fraction, MI: myocardial infarction, CAD: coronary 
artery disease, msec: milliseconds, VT: ventricular 
tachycardia, NSVT: non-sustained VT, VF: ventricular 
fibrillation, ACE-I: angiotensin-converting enzyme 
inhibitor, ARB: angiotensin receptor blocker.

COMMENTS AND DISCUSSION

We described the incidence of appropriate and inap-
propriate ICD interventions in the primary prevention 
of SCD. We analysed the predictive value of commonly 
used clinical variables in terms of appropriate and inap-
propriate interventions as a marker of ICD efficacy and 
risk of SCD25. 

The number of appropriate ICD interventions after 
2 years of follow-up (20.4%) in primary prevention is 
comparable to the number in secondary prevention 
after 4 years of follow-up (44.6%) 12. This emphasizes 
the usefulness of present implantation criteria. The 
number of inappropriate interventions after 2 years 
was also comparable to the number in a secondary 
prevention setting after 4 years of follow-up: 13.8% 
versus 21.4%, respectively12. Comparable to findings 
in secondary prevention, atrial fibrillation counted for 
the main number of inappropriate interventions in the 
IHD group, whereas sinus tachycardia was the main 
cause of inappropriate interventions in the IDCM 
group. Our results are in accordance with a recent 
systematic review of RCTs and observational studies 
in primary and secondary prevention26. Age at the 
moment of ICD implantation is strongly and indepen-
dently associated with mortality27. We also observed a 
trend between increased age and the risk of appropri-
ate ICD interventions. On the contrary, younger 
patients have an increased risk for inappropriate inter-
ventions. 

We demonstrated that a poor LVEF increased the 
risk for appropriate ICD interventions in the total study 
group, like it has been proven for IHD patients in sec-
ondary prevention12. This is not surprising as LVEF is 
globally accepted as a strong risk marker for sudden 
death4,13-15. On the other hand, a more preserved LVEF 
is associated with an increased risk for inappropriate 
intervention. 

Longer QRS duration was related to an increased risk 
for appropriate interventions in our study, with statisti-
cal significance in the IHD group. 

Also the relation between an increased NYHA class 
(especially class II and III) and an increased risk for 
appropriate interventions, was confirmed in our study 
in the IDCM group18,20. 

EPS is generally believed to have a good positive 
predictive value for appropriate interventions, VT and 
SCD, especially if EPS positivity is defined as sustained 
monomorphic VT 3,21,23. However, in this study no sig-
nificant relationship was found between a positive EPS 
and the incidence of appropriate or inappropriate inter-
ventions. This can be explained by the selection bias 
introduced by the reimbursement rules of ICDs in the 
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different manufactures of ICDs (Medtronic, Boston 
Scientific, Biotronik, St Jude Medical, Sorin). The Uni-
versity of Leuven receives unconditional research fund-
ing from the same manufacturers.
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