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Summary

Background: Implantable cardioverter defibrillators
(ICD’s) are increasingly used for primary and
secondary prevention of sudden cardiac death.
However, data on how many ICD patients indeed
receive appropriate ICD therapy during long-term
follow-up is scarce.

Aim: The aim of our study was to determine the
number of patients without appropriate ICD therapy
5 years after ICD implantation, to identify predicting
factors, to assess the occurrence of late first ICD
therapy and to quantify the financial impact of
ICD therapy in a real-world setting.

Design: Prospective observational study.

Methods: We prospectively enrolled 322 con-
secutive ICD patients. Baseline data were collected
at implantation and patients were followed for a
median of 7.3 years (IQR 5.8-9.2 years). Time to
first appropriate ICD therapy (either antitachycardia
pacing or cardioversion) was documented.

Results: Five years after implantation, 139 patients
(43%) had not received appropriate ICD therapy. In
multivariable analysis, a primary prevention indica-
tion and negative electrophysiological studies prior
to ICD implantation were independent predictors of
freedom from ICD therapy. Of the patients without
ICD therapy, 5 years after implantation, 25% had
experienced inappropriate ICD shocks. Two hun-
dred and seven devices (1.5 devices per patient)
were needed for the 139 patients without ICD inter-
vention within 5 years, accounting for €31 784 per
patient. During an additional follow-up of 3 years,
12% of the patients with unused ICD received a late
first appropriate ICD therapy.

Conclusions: About half of the ICD patients receive
appropriate ICD therapy within 5 vyears after
implantation. Furthermore, there is a significant
proportion of patients receiving late first shocks
after five initially uneventful years.

Introduction

The benefits of implantable cardioverter defibrilla-
tors (ICD’s) in the primary and secondary prevention
of sudden cardiac death (SCD) have been estab-
lished in several studies.'™ Based on these studies,
clinical indications for implantation of an ICD have
been expanded.® In parallel, utilization of ICD has
steadily increased and is expected to do so over the
next years.®”

Given the substantial costs of ICD therapy, serious
concerns have been raised regarding the effective-
ness and financial implications of this strategy.”-®
Of note, a substantial proportion of ICD patients
will never receive appropriate ICD therapy, reach-
ing 70-80% after 2 years in randomized controlled
trials.® These patients nevertheless are at risk for
ICD complications such as inappropriate shocks,
infections and lead malfunction.'®'" Furthermore,
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device replacement is needed periodically due
to battery depletion roughly every 5 years.'>'*
There is a feeling ‘once ICD, always ICD’,
indicating that usually the device is replaced with-
out repeated risk assessment at the time of battery
depletion.

Patients enrolled in randomized controlled trials
often differ significantly from real-world patients and
previous studies are limited because of their
short follow-up.">™"” The aim of our study was to
determine the number of patients without appropri-
ate ICD therapy at the time point of 5 years after
implantation, to identify predicting factors of an
unused ICD, to assess the occurrence of late first
ICD therapy and to quantify the financial impact
of ICD therapy in a real-world setting of consecutive
ICD patients.

Methods

Study population

From March 1994 to October 2004, a total of 359
consecutive patients undergoing ICD implantation
for primary or secondary prevention were pro-
spectively enrolled to the ICD registry of the
Department of Cardiology, University Hospital
Basel, Switzerland. Time of last follow-up data
acquisition was end of November 2009. Thirty-
seven patients were excluded from current analysis
because of censored data earlier than 5 years of
follow-up without appropriate ICD therapy before.
The reasons for premature data censoring in these
patients were death [n=31; specific causes of
death were heart failure (n=11), SCD (n=1),
other cardiovascular death (n=6), noncardiac
death (n=9) and unknown cause of death
(n=4)], heart transplantation (n=2), device ex-
plantation (n=2) or refusal to replace the device
despite reaching end of life replacement indication
criteria (n=2). This left 322 patients with complete
follow-up information of a minimum of 5 years
(empirical time point of first-generator replace-
ment'>'%) for analysis with a median follow-up
duration of 7.3 years [interquartile range (IQR)
5.8-9.2 vyears].

Indications for ICD implantation were based on
current guidelines.'®2° The secondary prevention
group consisted of patients with aborted SCD, sus-
tained or clinically critical ventricular tachycardia
(VT) or syncope with inducible VT. The implantation
policy of ICD primary prevention evolved over time,
similar to that for the patient populations enrolled in
recent trials."™ All devices used were endocardial,

transvenous ICDs implanted according to standard
practice.

Baseline examinations were carried out at the
time of ICD implantation and consisted of patient
demographics, comorbidities, New York Heart
Association (NYHA) classification, medication use,
type of underlying heart disease, index arrhythmia
or clinical event leading to device implantation and
results of electrophysiological studies (EPS). Left
ventricular ejection fraction (LVEF) was deter-
mined by echocardiography (biplane, Simpson'’s
method).?'

Follow-up assessment and event
ascertainment

Follow-up visits were performed 1 and 3 months
after ICD implantation and every 6 months there-
after. At each patient visit, a standard device inter-
rogation was performed by a cardiologist assisted by
a trained nurse.

A trained electrophysiologist (B.S.) classified all
stored intracardiac electrograms of ventricular
tachyarrhythmias responsible for ICD therapy,
together with the event date, and distinguished
appropriate  from inappropriate  ICD  shocks.
Ambiguous cases were adjudicated in conjunction
with at least one further electrophysiologist (M.K.,
C.S. and S.0.. ICD shocks were considered
inappropriate when triggered by supraventricular
arrhythmias, sinus tachycardia, noise or T-wave
sensing. All visits were registered prospectively
and checked regularly for data consistency.
Appropriate ICD therapies were classified as fol-
lows: VT was terminated by antitachycardia pacing
or cardioversion with a detection rate determined at
the discretion of the managing cardiologist. In
primary prevention, detection rate was usually set
to 180bpm. In secondary prevention, it was
programmed 20 beats slower than the documented
VT rate. Fast VT (FVT) was defined as a VT with
a heart rate >210bpm and terminated by
shocks. Ventricular fibrillation (VF) was character-
ized by fibrillatory R waves and terminated by
defibrillation. Of note, this definition of appro-
priate ICD therapy involved an electrophysiologist’s
judgment of every event and hence does not
correspond to the clinical device setting, for which
the ‘VF zone’ is usually programmed at detection
rates >200-220/min. This modified definition was
used in order to be able to take ‘VF’ as a surrogate
marker for SCD.

We recorded date and reason for device
exchange if applicable. Patients with device
replacements were not removed from the analysis.
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Cost calculations

Assumptions for cost calculations were derived from
Belgian 2006 Health Care data as a model of a typ-
ical Western European country**?3. Initial implant-
ation was assumed to cause costs of €23 000,
generator replacement of €18 000, lead failure of
€6500 and lead infection of €28 000.

Statistical methods

Continuous variables are presented as means (SD) or
medians (IQR) and categorical variables as numbers
and percentages. Continuous variables were com-
pared with the use of the Mann-Whitney U-test
and categorical variables with the use of the
Pearson’s chi-square test. We used univariate and
multivariate binary logistic regression models to
compute hazard ratios (HRs) and 95% confidence
intervals (95% Cls) of predictors of no ICD therapy
after 5 years. All hypothesis testing was two-tailed
and P<0.05 were considered to indicate statistical
significance. All statistical analyses were performed
with the use of SPSS for Windows 15.0 (SPSS Inc,
Chicago, IL, USA).

Results

Characteristics of the patients

Baseline characteristics of the 322 patients are
shown in Table 1. At ICD implantation, patients
were 60 (IQR 51-68) years old and predominantly
male (90%). The underlying heart disease was
coronary artery disease in 66% of patients, dilated
cardiomyopathy in 17% and other forms of cardio-
myopathy such as hypertrophic cardiomyopathy,
arrhythmogenic right ventricular cardiomyopathy
or valvular heart disease in the remaining patients
(17%). Indication for ICD therapy was secondary
prevention in 73% of patients.

Time course of first appropriate ICD
therapy within the first 5 years

Five year follow-up information was by study defin-
ition available in 100% of patients. Overall, 183
patients (57%) had received appropriate ICD
therapy at least once within 5 years whereas 139
patients (43%) were free of appropriate ICD therapy
5 years after implantation (Figure 1). This resulted in
a number needed to treat of 1.8 patients to achieve
an appropriate ICD therapy within 5 years. The
observed rates of appropriate ICD therapy varied
in important patient subgroups: there were more
appropriate ICD therapies within 5 years in patients
with a secondary prevention indication than in those

with a primary prevention indication (61 vs. 45%,
p=0.01), and more in patients with ischemic
cardiomyopathy compared to those with nonis-
chemic cardiomyopathy (61 vs. 49%, P=0.03). No
significant differences in appropriate ICD therapies
were observed between different ICD types (single
chamber 55%, dual chamber 61%, CRT 62%,
P=0.57).

Regarding the time course of events, the cumula-
tive percentage of patients with at least one appro-
priate ICD therapy increased from 26% of patients
after 6 months to 44% after 2 years and to 57% after
5 years (Figure 2). The rate of patients receiving first
appropriate ICD therapy in a given time period
dropped from 26% within the first 6 months down
to 2% between months 55 and 60.

Events in patients receiving appropriate
ICD therapy within 5 years

Patients receiving appropriate ICD therapy at least
once experienced a median of 10 episodes (IQR
2-30 episodes) of appropriate ICD therapy within
the first 5 vyears after implantation. Forty-eight
patients (15% of all patients) were treated for VF,
57 (18% of all patients) for FVT (but never for VF)
and 78 (24% of all patients) for VT (and thus never
for VF or FVT). In addition to receiving appropriate
ICD therapy, 31% of patients furthermore had
experienced inappropriate shocks as well. Five
years after implantation, 35 patients (19%) had
died having received appropriate ICD therapy
before at least once.

Predictors for no ICD therapy after 5 years

Patients without ICD therapy were younger, more
often had a primary prevention indication, had
higher baseline LVEF, were more often in NYHA
classes | and Il, more often had negative EPS prior
to implantation and were less often on antiarrhyth-
mic drug therapy (Table 1). There were no differ-
ences for other medical therapies including
B-blockers, angiotensin converting enzyme (ACE)
inhibitors and angiotensin receptor blockers (ARBs).

In multivariate binary logistic regression analysis,
primary prevention indication, NYHA class I/l and
freedom from antiarrhythmic drug use were inde-
pendent predictors of an unused ICD (Table 2,
Model 1). If results from EPS prior to implantation,
which were available in 228 patients were added,
only primary prevention indication (HR 1.98, 95%
Cl 1.06-3.73, P=0.03) and negative EPS (HR 2.78,
95% Cl 1.37-5.65, P=0.005) remained independ-
ent predictors of an unused ICD 5 years after
implantation (Table 2, Model 2).
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Table 1 Baseline characteristics of the patients
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Appropriate ICD therapy 5 years

All patients after Implantation P-value
(n=322) No (n=139) Yes (n=183)
Age, median (quartiles) (years) 60 (51-68) 57 (45-64) 63 (56-70) <0.001
Gender: male, n (%) 289 (90) 120 (86) 169 (92) 0.08
Cardiomyopathy, n (%) 0.06
Coronary artery disease 213 (66) 83 (60) 130 (71)
Dilated cardiomyopathy 56 (17) 26 (19) 30 (16)
Other cardiomyopathy 53 (17) 30 (22) 23 (13)
Indication, n (%) 0.01
Primary prevention 86 (27) 47 (34) 39 (21)
Secondary prevention 236 (73) 92 (66) 144 (79)
LVEF, median (quartiles) (%) 35 (25-45) 35 (25-53) 32 (25-40) 0.006
NYHA Classification 0.01
NYHA Class I/l 250 (78) 117 (84) 133 (73)
NYHA Class 1I/IV 72 (22) 22 (16) 50 (27)
EPS (available in 228 points) 0.004
Positive 184/228 (81) 74/103 (72) 110/125 (88)
Negative 44/228 (19) 29/103 (28) 15/125 (12)
ICD type, n (%) 0.57
Single chamber (VVI) 224 (70) 101 (73) 123 (67)
Dual chamber (DDD or VDD) 69 (21) 27 (19) 42 (23)
Cardiac resynchronization therapy (CRT) 29 (9) 11 (8) 18 (10)
History, n (%)
Arterial hypertension 177 (55) 73 (53) 104 (57) 0.44
Diabetes mellitus 50 (16) 19 (14) 31 (17) 0.42
Previous myocardial infarction 211 (66) 83 (60) 128 (70) 0.06
Previous coronary artery bypass surgery 103 (32) 37 (27) 66 (36) 0.07
Previous percutaneous coronary intervention 114 (35) 51 (37) 63 (34) 0.07
Chronic renal failure 44 (14) 14 (10) 30 (16) 0.10
Medical therapy at implantation, n (%)
B-blocker 267 (83) 121 (87) 146 (80) 0.09
ACE inhibitor or ARB 267 (83) 111 (80) 156 (85) 0.20
Diuretic treatment 168 (53) 65 (57) 103 (56) 0.09
Amiodarone 90 (28) 27 (19) 63 (34) 0.003
Digoxin 33 (10) 10 (7) 23 (13) 0.11
Statins 174 (54) 121 (87) 146 (80) 0.09

Inappropriate shocks in patients without
appropriate ICD-therapy

Of the patients without appropriate ICD therapy
after 5 years, 35 (25%) experienced at least one
episode of inappropriate ICD shocks. Among
these episodes, 14 (40%) were triggered by sinus
tachycardia, 10 (29%) by supraventricular arrhyth-
mias, 6 (17%) by noise and 5 (14%) by T-wave
sensing. No significant differences were observed
between different ICD types in terms of inappropri-
ate ICD shocks (single-chamber devices 25%,
dual-chamber devices 26%, CRT devices 27%,
P=0.98).

Device replacements and costs within the
first 5 years

Within 5 years after implantation, a total of 478
devices were needed for the 322 patients (1.5
devices per patient) with equal distribution between
patients receiving and not receiving appropriate ICD
therapy. Of the 156 device replacements, the reason
for change was end of life replacement indications
in 125 cases (80%), device recall in 15 cases (10%),
device upgrade in 5 cases (3%), lead dysfunction in
6 cases (4%) and infections in 5 cases (3%). Using
cost calculations based on Belgian Health Care
data,???3 this resulted in ICD-related total costs of
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Figure 1. Timing of first appropriate ICD therapies.
Kaplan—-Meier curve showing the timing of first appropri-
ate ICD therapies in all 322 patients.

100%

€10195000 for the 322 patients, corresponding to
€31 568 per patient with appropriate ICD therapy
within 5 years and to €31 784 per patient without
ICD intervention.

Time course and type of late first
appropriate ICD therapy beyond the
first 5 years

To analyze the likelihood of late first arrhythmia
occurrence, the 139 patients free of appropriate
ICD therapy after 5 years were followed for an
additional median of 1.3 years (IQR 1.0-4.0 years)
beyond the 5-year time point. The probability of
appropriate ICD therapy was 5% after 1, 9% after
2 and 12% after 3 additional years in these patients
(Figure 3). The additional 14 appropriate ICD thera-
pies were delivered for VF in 3, FVT in 4 and VT in
7 patients.

80%

60%

40%

20% -

0% -

0 Cumulative proportion of patients
with appropriate ICD therapy

u First appropriate ICD therapy
in a given time period

0-6 7-12 13-18 19-24 25-30 31-36 37-42 43-48 49-54 55-60

Months since ICD implantation

Figure 2. Time course of first appropriate ICD therapy over time. Proportion of patients free of ICD therapy so far with first
appropriate ICD therapy in a given time period since ICD Implantation (black). Cumulative proportion of patients in whom
at least one appropriate episode of ICD therapy has occurred since ICD implantation (white).

Table 2 Predictors for no ICD therapy 5 years after ICD implantation: binary logistic regression analysis

Variable Univariate Model Multivariate Model 17 Multivariate Model 2°
HR (95% ClI) P-value HR (95% CI) P-value HR (95% CI) P-value

Age <60 years 2.10 (1.34-3.30) 0.001 n.s. n.s.
Cardiomyopathy other than CAD 1.66 (1.04-2.64) 0.03 n.s. n.s.
Primary prevention 1.89 (1.15-3.11) 0.01 1.79 (1.04-3.09) 0.04 1.98 (1.06-3.73) 0.03
LVEF >35% 1.57 (1.00-2.45) 0.05 n.s. n.s.
NYHA Class I/l 2.00 (1.14-3.50) 0.01 2.02 (1.11-3.70) 0.02 n.s.
Freedom of amiodarone therapy  2.18 (1.30-3.66) 0.003 1.83 (1.06-3.15) 0.03 n.s.
Negative results in EPS 2.87 (1.44-5.73) 0.003 2.78 (1.37-5.65) 0.005

“The model was adjusted for age, type of cardiomyopathy, type of prevention, LVEF, NYHA class and amiodarone therapy.
bThe model was adjusted as for Model 1, with additional adjustment for results of EPS. CAD: coronary artery disease.

n.s.: not significant.
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Figure 3. Late first appropriate ICD therapies in patients
free of appropriate ICD therapy 5 years after implantation.
Kaplan-Meier curve showing the incidence of late first
appropriate ICD therapies in the 139 patients that had
not received appropriate ICD therapy within the first
5 years after implantation.

Discussion

This prospective observational study involving con-
secutive patients undergoing ICD implantation for
primary and secondary prevention with a median
follow-up of 7.3 years examined amount, predictors
and financial impact of patients without appropriate
ICD therapy at the time point of 5 years after
implantation. In contrast to other studies published
in the past, complete follow-up information is
available for at least 5 years in all patients.

We report four major findings: first, 57% of ICD
patients seen in daily practice received appropriate
ICD therapy within 5 years after implantation, while
43% of patients were free of appropriate ICD ther-
apy. The majority of ICD therapy was delivered for
potentially not life-threatening VTs. A primary
prevention indication and negative EPS prior to
ICD implantation were independent predictors of
freedom from appropriate ICD therapy after 5
years. Second, in patients free of appropriate ICD
therapy after 5 years, there is still a small, yet quan-
tifiable risk for late first arrhythmia occurrence
requiring appropriate ICD therapy reaching 12%
after three additional years. Third, 25% of the
patients without appropriate ICD therapy had experi-
enced at least one episode of inappropriate ICD
shock. Fourth, 1.5 devices per patient were needed
in patients without appropriate ICD therapy within
5 years accounting for cost of €31 784 per patient.

These findings derived from a large cohort of
consecutive ICD patients with detailed follow-up
and ICD therapy information for a minimum of
5 years in all patients are of great clinical import-
ance for three reasons: knowledge of and decisions
related to ICDs are based mainly on randomized
controlled trials."™* However, patients seen in the
community often differ substantially from patients
enrolled in randomized trials (Table 3). Second,
most studies examining predictors of occurrence of
VT and VF in ICD patients so far were limited by
a relatively short follow-up duration. And third,
since numbers of ICD implantations have steadily
increased in past years and are expected to increase
even more, medical and especially economic issues
associated with ICDs will become critical in the
future. A recent study by Cowie et al®® using a
detailed meta-analysis of recent randomized con-
trolled ICD primary prevention trials demonstrated
that prophylactic ICD implantation in patients with
reduced LVEF is cost-effective in a European
health-care setting. Cost data on ICD therapy from
a European real-world setting, however, is rare.

The rate of 57% of patients receiving appropriate
ICD therapy equates to a number needed to treat of
1.8 patients to achieve an appropriate ICD therapy
within 5 years and reflects careful patient selection.
Furthermore, our study confirmed that there is still a
quantifiable, although small, risk for late appropriate
first ICD therapy even in patients without arrhythmic
events within the first 5 years after implantation.
However, it needs to be emphasized that 43% of
the appropriate ICD therapies that occurred in our
study were only for VT but never for VF or FVT.
It might be speculated that many of these VT
episodes would have terminated spontaneously or
might have been hemodynamically stable.?* If so,
ICD therapy cannot be considered life saving in
these patients,” reducing the overall mortality
benefit provided by ICD therapy. Furthermore, the
proportion of ICD’s implanted for primary preven-
tion indications is rising continually with a lower
survival benefit demonstrated in these patients.?*

Effective segregation of patients at high risk for
SCD from low risk patients is an unmet clinical
need. Earlier observational studies examining
mixed ICD populations have reported on unused
ICD rates of 82% after a mean follow-up of
13 months,'” 82% after 18 months'> and 51%
after 30 months.'® In the only other large cohort
with a longer follow-up reported so far, Tandri
et al.*® found a proportion of 47% of patients with
unused ICD at a mean of 5.8 years after ICD
implantation. Selection of ICD patients as recom-
mended by current guidelines in  primary
prevention is based almost exclusively on a
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Table 3 Comparison of the study population to the populations in the primary and secondary prevention randomized

controlled ICD trials

BASEL 2° Prevention trials 1° Prevention trials
MADIT I AVIDP< MADIT 1% SCD-HeFT
Patients in ICD group (n) 322 95 449 720 829
Age (years) 60 62 65 64 60
Gender: male (%) 90 92 79 84 77
Coronary artery disease (%) 66 100 81 100 52
Ejection fraction (%) 35 27 32 23 24
1° Prevention indication (%) 27 - - 100 100
2° Prevention indication (%) 73 100 100 - -

Appropriate ICD therapy in
1° prevention patients
Appropriate ICD therapy in
2° prevention patients
Appropriate ICD therapy overall 57% in 5 years -

45% in 5 years -

- 35% in 3 years 21% in 5 years

61% in 5 years 90% in 5 years 69% in 3 years - -

“Moss AJ. N Engl ] Med 1996; 335:1933.

bThe AVID Investigators. N Engl ] Med 1997; 337:1576.
“Raitt MH. Am J Cardiol 2003; 91:812.

9Moss AJ. N Engl J Med 2002; 346:877.

“Moss AJ. Circulation 2004; 110:3760.

"Bardy GH. N Engl | Med 2005; 352:225.

low EF.> As shown by our study, other variables
such as a primary prevention indication and nega-
tive EPS testing prior to implantation significantly
and independently predicted use or nonuse of the
device, but the clinical value of these factors for
patient selection is limited due to rather small HRs.
Promising strategies to further improve the selection
of ICD patients include dynamic risk profiling using
repeated measures before implantation and risk
reassessment before device replacement on one
hand side as well as the use of additional risk
markers on the other hand side. The occurrence of
nonsustained VT, T-wave alternans, magnetic reson-
ance imaging, heart rate turbulence, QT variability
or genetic risk profiling are promising novel risk
markers currently under investigation.?” > None of
these testing modalities has proven its value for
patient selection in prospective clinical trials yet,
but some may complement the ejection fraction
for the selection of ICD patients in the future.

Among the patients not receiving appropriate ICD
therapy within the first 5 years, 25% received
inappropriate shocks in our study. Inappropriate
shocks are known to result in multiple adverse
effects including  psychiatric  disturbances,*?
impaired quality of life** and provocation of subse-
quent ventricular arrhythmias.>> The use of longer
detection intervals has recently been shown to lower
the number of inappropriate ICD shocks and should
be helpful here.?*

Potential limitations of the current study merit
consideration. First, even though this is a single-
center study, patient demographics are comparable
to several other studies including consecutive ICD
patients.'®23® Second, our population received
ICD implantation per definition from 1994 to
2004. ICD indications have expanded meanwhile’
and the majority of ICDs nowadays are implanted
for primary prevention indications. We therefore
assume that the proportion of patients with unused
ICDs will be higher in patients currently undergoing
ICD implantation. Third, we did not reassess the
patients at time of device replacement. Hence, it is
possible that the patients who received late first
appropriate ICD therapy >5 years after ICD implant-
ation developed new risk factors. Careful reassess-
ment of the arrhythmic risk profile should be carried
out at the time of replacement. And fourth, different
types of devices from different manufacturers
were used throughout the study period. Although
unlikely, we cannot exclude that this has to some
minor extent influenced our data.

Conclusion

About half of ICD patients seen in daily practice
receive appropriate ICD therapy within 5 years
after implantation, and there is a small, yet signifi-
cant proportion of patients receiving late first shocks
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after five uneventful years. Knowledge of these num-
bers from a real-world cohort are important both for
careful patient selection before ICD implantation
and for reassessment of patients before generator
replacement.

Acknowledgements

We are indebted to Christine Huldi and Andrea
Mussler for their most valuable efforts in collecting
the data. This article reports on a clinical research
study. The article and its contents have not been
published previously and are not being considered
for publications elsewhere in whole or in part in any
language, including publicly accessible web sites or
e-print servers. All authors had full access to all
study data, take full responsibility for the accuracy
of the data analysis and had authority over article
preparation and decisions to submit the article for
publication.

Conflict of interest: Dr Kithne has received research
grants from Sanofi Aventis, Bayer and Boehringer
Ingelheim, has served as a consultant to MSD and
has served on the speakers’ bureau for Boston
Scientific and St Jude Medcial. Dr Sticherling has
received research grants from Boston Scientific and
Biotronik and has served on the speakers’ bureau
for Medtronic, Biotronik, Boston Scientific, Sorin
and Sanofi Aventis. Dr Osswald has received re-
search grants from Medtronic, Boston Scientific,
Biotronik, St Jude Medical, Sanofi Aventis and
Astra Zeneca and has served on the speakers’
bureau for Medtronic, Biotronik, Boston Scientific,
St Jude Medical, Sanofi Aventis and Astra Zeneca.
Dr Schaer has received research grants from
Medtronic, Boston Scientific, Biotronik, St Jude
Medical and Sorin and has served on the speakers’
bureau for Medtronic and Boston Scientific.
Dr Reichlin reports no conflicts.

References

1. The Antiarrhythmics versus Implantable Defibrillators (AVID)
Investigators. A comparison of antiarrhythmic-drug therapy
with implantable defibrillators in patients resuscitated from
near-fatal ventricular arrhythmias. N Engl | Med 1997;
337:1576-83.

2. Kadish A, Dyer A, Daubert JP, Quigg R, Estes NA,
Anderson KP, et al. Prophylactic defibrillator implantation
in patients with nonischemic dilated cardiomyopathy.
N Engl ] Med 2004; 350:2151-8.

3. Moss AJ, Hall WJ, Cannom DS, Daubert JP, Higgins SL,
Klein H, et al. Improved survival with an implanted
defibrillator in patients with coronary disease at high risk
for  ventricular  arrhythmia.  Multicenter ~ Automatic

10.

11.

12.

13.

14.

15.

16.

17.

Defibrillator Implantation Trial Investigators. N Engl | Med
1996; 335:1933-40.

. Moss AJ, Zareba W, Hall WJ, Klein H, Wilber D),

Cannom DS, et al. Prophylactic implantation of a defibrillator
in patients with myocardial infarction and reduced ejection
fraction. N Engl ] Med 2002; 346:877-83.

. Epstein AE, DiMarco JP, Ellenbogen KA, Estes NA I,

Freedman RA, GCettes LS, et al. ACC/AHA/HRS 2008
Guidelines for Device-Based Therapy of Cardiac Rhythm
Abnormalities: a report of the American College of
Cardiology/American Heart Association Task Force on
Practice Guidelines (Writing Committee to Revise the
ACC/AHA/NASPE 2002 Guideline Update for Implantation
of Cardiac Pacemakers and Antiarrhythmia Devices):
developed in collaboration with the American Association
for Thoracic Surgery and Society of Thoracic Surgeons.
Circulation 2008; 117:e350-408.

. Hauser RG. The growing mismatch between patient

longevity and the service life of implantable cardioverter-
defibrillators. | Am Coll Cardiol 2005; 45:2022-5.

. McClellan MB, Tunis SR. Medicare coverage of ICDs. N Eng/

J Med 2005; 352:222-4.

. Reynolds MR, Josephson ME. MADIT Il (second Multicenter

Automated Defibrillator Implantation Trial) debate: risk
stratification, costs, and public policy. Circulation 2003;
108:1779-83.

. Germano JJ, Reynolds M, Essebag V, Josephson ME.

Frequency and causes of implantable cardioverter-
defibrillator therapies: is device therapy proarrhythmic?
Am ] Cardiol 2006; 97:1255-61.

Eckstein J, Koller MT, Zabel M, Kalusche D, Schaer BA,
Osswald S, et al. Necessity for surgical revision of defibrilla-
tor leads implanted long-term: causes and management.
Circulation 2008; 117:2727-33.

Myerburg R, Reddy V, Castellanos A. Indications for implan-
table cardioverter-defibrillators based on evidence and
judgment. | Am Coll Cardiol 2009; 54:747-63.

Schaer BA, Koller MT, Sticherling C, Altmann D, Joerg L,
Osswald S.  Longevity of implantable cardioverter-
defibrillators, influencing factors, and comparison to
industry-projected longevity. Heart Rhythm 2009; 6:
1737-43.

Hauser RG, Hayes DL, Epstein AE, Cannom DS, Vlay SC,
Song SL, et al. Multicenter experience with failed and
recalled implantable cardioverter-defibrillator pulse gener-
ators. Heart Rhythm 2006; 3:640—4.

Biffi M, Ziacchi M, Bertini M, Sangiorgi D, Corsini D,
Martignani C, et al. Longevity of implantable cardioverter-
defibrillators: implications for clinical practice and health
care systems. Europace 2008; 10:1288-95.

Klein G, Lissel C, Fuchs AC, Gardiwal A, Oswald H,
Desousa M, et al. Predictors of VT/VF-occurrence in ICD
patients: results from the PROFIT-Study. Europace 2006;
8:618-24.

Lampert R, McPherson CA, Clancy JF, Caulin-Glaser TL,
Rosenfeld LE, Batsford WP. Gender differences in ventricular
arrhythmia recurrence in patients with coronary artery
disease and implantable cardioverter-defibrillators. | Am
Coll Cardiol 2004; 43:2293-9.

Verma A, Kilicaslan F, Martin DO, Minor S, Starling R,
Marrouche NF, et al. Preimplantation B-type natriuretic



18.

19.

20.

21.

22.
23.

24.

25.

Unused ICD’s 5 years after implantation

peptide concentration is an independent predictor of future
appropriate implantable defibrillator therapies. Heart 2006;
92:190-5.

Dreifus LS, Fisch C, Griffin JC, Gillette PC, Mason JW,
Parsonnet V. Guidelines for implantation of cardiac
pacemakers and antiarrhythmia devices. A report of the
American  College  of  Cardiology/American  Heart
Association Task Force on Assessment of Diagnostic and
Therapeutic Cardiovascular Procedures. (Committee on
Pacemaker Implantation). Circulation 1991; 84:455-67.

Gregoratos G, Cheitlin MD, Conill A, Epstein AE, Fellows C,
Ferguson TB , Jr et al. ACC/AHA Guidelines for Implantation
of Cardiac Pacemakers and Antiarrhythmia Devices:
Executive Summary—a report of the American College of
Cardiology/American  Heart  Association Task Force
on Practice Guidelines (Committee on Pacemaker
Implantation). Circulation 1998; 97:1325-35.

Gregoratos G, Abrams |, Epstein AE, Freedman RA,
Hayes DL, Hlatky MA, et al. ACC/AHA/NASPE 2002 guide-
line update for implantation of cardiac pacemakers and
antiarrhythmia devices: summary article: a report of the
American  College  of  Cardiology/American  Heart
Association Task Force on Practice Guidelines (ACC/AHA/
NASPE Committee to Update the 1998 Pacemaker
Guidelines). Circulation 2002; 106:2145-61.

Lang RM, Bierig M, Devereux RB, Flachskampf FA, Foster E,
Pellikka PA, et al. Recommendations for chamber quan-
tification: a report from the American Society of
Echocardiography’s Guidelines and Standards Committee
and the Chamber Quantification Writing Group, developed
in  conjunction with the European Association of
Echocardiography, a branch of the European Society of
Cardiology. | Am Soc Echocardiogr 2005; 18:1440-63.

INAMIL. http://tct.fgov.be/etct/ Accessed 23 May 2011.

Cowie MR, Marshall D, Drummond M, Ferko N, Maschio M,
Ekman M, et al. Lifetime cost-effectiveness of prophylactic
implantation of a cardioverter defibrillator in patients with
reduced left ventricular systolic function: results of Markov
modelling in a European population. Europace 2009;
11:716-26.

Gasparini M, Menozzi C, Proclemer A, Landolina M,
lacopino S, Carboni A, et al. A simplified biventricular defib-
rillator with fixed long detection intervals reduces implanta-
ble cardioverter defibrillator (ICD) interventions and heart
failure hospitalizations in patients with non-ischaemic
cardiomyopathy implanted for primary prevention: the
RELEVANT [Role of long dEtection window programming
in patients with LEft VentriculAr dysfunction, Non-ischemic
eTiology in primary prevention treated with a biventricular
ICD] study. Eur Heart | 2009; 30:2758-67.

Moss AJ, Greenberg H, Case RB, Zareba W, Hall Wj,
Brown MW, et al. Long-term clinical course of patients
after termination of ventricular tachyarrhythmia by an
implanted defibrillator. Circulation 2004; 110:3760-5.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

857

Tandri H, Griffith LS, Tang T, Nasir K, Zardkoohi O,
Reddy CV, et al. Clinical course and long-term follow-up
of patients receiving implantable cardioverter-defibrillators.
Heart Rhythm 2006; 3:762-8.

Scirica BM, Braunwald E, Belardinelli L, Hedgepeth CM,
Spinar J, Wang W, et al. Relationship between nonsustained
ventricular tachycardia after non-ST-elevation acute coron-
ary syndrome and sudden cardiac death: observations from
the metabolic efficiency with ranolazine for less ischemia in
non-ST-elevation acute coronary syndrome-thrombolysis in
myocardial infarction 36 (MERLIN-TIMI 36) randomized
controlled trial. Circulation 2010; 122:455-62.

Bloomfield DM, Steinman RC, Namerow PB, Parides M,
Davidenko J, Kaufman ES, et al. Microvolt T-wave alternans
distinguishes between patients likely and patients not likely
to benefit from implanted cardiac defibrillator therapy: a
solution to the Multicenter Automatic Defibrillator
Implantation Trial (MADIT) 1l conundrum. Circulation
2004; 110:1885-9.

Yan AT, Shayne AJ, Brown KA, Gupta SN, Chan CW,
Luu TM, et al. Characterization of the peri-infarct zone by
contrast-enhanced cardiac magnetic resonance imaging is a
powerful predictor of post-myocardial infarction mortality.
Circulation 2006; 114:32-9.

Barthel P, Schneider R, Bauer A, Ulm K, Schmitt C,
Schomig A, et al. Risk stratification after acute myocardial
infarction by heart rate turbulence. Circulation 2003;
108:1221-6.

Bauer A, Kantelhardt JW, Barthel P, Schneider R,
Makikallio T, Ulm K, et al. Deceleration capacity of heart
rate as a predictor of mortality after myocardial infarction:
cohort study. Lancet 2006; 367:1674-81.

Haigney MC, Zareba W, Gentlesk PJ, Goldstein RE,
Illovsky M, McNitt S, et al. QT interval variability and
spontaneous ventricular tachycardia or fibrillation in the
Multicenter Automatic  Defibrillator Implantation  Trial
(MADIT) Il patients. | Am Coll Cardiol 2004; 44:1481-7.

Prudente LA. Phantom shock in a patient with an implantable
cardioverter defibrillator: case report. Am J Crit Care 2003;
12:144-6.

Schron EB, Exner DV, Yao Q, Jenkins LS, Steinberg JS,
Cook JR, et al. Quality of life in the antiarrhythmics versus
implantable defibrillators trial: impact of therapy and influ-
ence of adverse symptoms and defibrillator shocks.
Circulation 2002; 105:589-94.

Vollmann D, Luthje L, Vonhof S, Unterberg C. Inappropriate
therapy and fatal proarrhythmia by an implantable
cardioverter-defibrillator. Heart Rhythm 2005; 2:307-9.

Gradaus R, Block M, Brachmann J, Breithardt G, Huber HG,
Jung W, et al. Mortality, morbidity, and complications in
3344 patients with implantable cardioverter defibrillators:
results fron the German ICD Registry EURID. Pacing Clin
Electrophysiol 2003; 26(7 Pt 1):1511-8.





