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CHAPTER 2

ABSTRACT

Background 
Large randomized trials demonstrated the beneficial effect of implantable cardioverter-defibril-
lator (ICD) and cardiac resynchronization therapy-defibrillator (CRT-D) treatments in selected 
patients. Data on long-term follow-up of patients outside the setting of clinical trials are scarce.

Objective
The aim of this study was to evaluate the long-term outcome of ICD and CRT-D recipients.

Methods
All patients who underwent ICD (N=1729 [57%]) or CRT-D (N=1326 [43%]) implantation at the 
Leiden University Medical Center since 1996 were evaluated. Follow-up visits were performed 
every 3–6 months, and events were registered. Cumulative incidence curves of device therapy 
and device-related complications were adjusted for the competing risk of all-cause mortality.

Results 
After a median follow-up of 5.1 years (25th–75th percentile 3.1–7.8 years), 842 patients (28%) died. 
The cumulative incidence of all-cause mortality was 49% (95% confidence interval [CI] 45%–54%) 
in ICD recipients after 12 years of follow-up and 55% (95% CI 52%–58%) in CRT-D recipients after 
8 years of follow-up. A total of 1081 patients (35%) received appropriate defibrillator therapy. 
The cumulative incidence of appropriate therapy in ICD patients was 58% (95% CI 54%–62%) 
after 12 years of follow-up and 39% (95% CI 35%–43%) in CRT-D patients after 8 years of 
follow-up. Twelve-year cumulative incidences of adverse events were 20% (95% CI 18%–22%) for 
inappropriate shock, 6% (95% CI 5%–8%) for device-related infection, and 17% (95% CI 14%–21%) 
for lead failure.

Conclusion
After long-term follow-up of ICD (12 years) and CRT-D (8 years) recipients, 49% of ICD recipients 
and 55% of CRT-D recipients had died. Appropriate ICD therapy was received by the majority 
(58%) of ICD recipients and by almost 40% of CRT-D recipients.
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INTRODUCTION

Implantable cardioverter-defibrillator (ICD) treatment reduces mortality in patients surviving 
malignant ventricular arrhythmias (secondary prevention) and in selected patients with high risk 
of malignant ventricular arrhythmias due to underlying heart disease (primary prevention).1-6 
Currently, the effectiveness of ICD treatment has been confirmed after an extended follow-up of 
11 years in a part of the secondary prevention population of the Canadian Implantable Defibrillator 
Study (CIDS), which enrolled patients with sustained ventricular arrhythmias combined with 
hemodynamic instability or reduced left ventricular ejection fraction (LVEF).7 Long-term ICD 
treatment (8 years of follow-up) was also deemed effective in the primary prevention population 
of the second Multicenter Automatic Defibrillator Implantation Trial (MADIT-II), which constituted 
of patients with previous myocardial infarction and reduced LVEF.8 These randomized trials are 
performed in a defined patient population and therefore may not be representative of routine 
clinical practice. Little is known about long-term clinical outcome of patients receiving an ICD 
or cardiac resynchronization therapy-defibrillator (CRT-D) according to the current international 
guidelines. 9 Follow-up in observational studies does not exceed 5 years, while many patients live 
more than a decade after device implantation.10-15

Therefore, the aim of the present study was to provide an overview of the long-term clinical 
outcome of ICD and CRT-D recipients in a large cohort outside the setting of a clinical trial. Clinical 
outcome includes all-cause mortality, device therapy, device replacements, and device-related 
complications.

METHODS

Patient population
Since 1996, all patients who underwent ICD or CRT-D implantation at Leiden University Medical 
Center are registered in the departmental cardiology information system (EPD-Vision, Leiden 
University Medical Center, Leiden, The Netherlands). Registration includes patient characteristics 
at implantation and at all subsequent follow-up visits. Patients were characterized by depressed 
LVEF (primary prevention), survival of a cardiac arrest, or occurrence of ventricular arrhythmias 
combined with syncope (secondary prevention).5 Device implantations were based on international 
guidelines.9 Patients with congenital or monogenetic heart disease were excluded from this 
analysis. The study is a descriptive report of routine clinical practice; all patient information was 
de-identified and therefore was exempt from the institutional committee on human research 
approval.

Device implantation and programming
The devices used were manufactured by Biotronik (Berlin, Germany), Boston Scientific (Natick, 
MA, formerly CPI, Guidant [St Paul, MN]), Medtronic (Minneapolis, MN), or St Jude Medical/
Ventritex (St Paul, MN) and include single-chamber ICDs, dual-chamber ICDs, and CRT-Ds. All 
implantations were performed transvenously. Sensing and pacing thresholds were tested, and a 
defibrillation threshold test was performed.

2
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In the early years (1996–2000), the majority of the devices were programmed with a single zone 
in which shocks were programmed to terminate ventricular arrhythmias exceeding 185 beats/
min. After a transitional period, defibrillators were programmed with 3 zones since 2004: 
ventricular arrhythmias from 150 to 188–190 beats/min were detected in a monitoring zone in 
which no therapy was programmed (30–32 intervals were needed for detection [NID] or 8/10 with 
a 2.5-second initial delay, depending on the manufacturer); ventricular arrhythmias faster than 
188–190 beats/min were detected in the ventricular tachycardia zone, programmed with 2–4 bursts 
of antitachycardia pacing (ATP) to terminate the arrhythmias, followed by shock if the arrhythmia 
persists (22–30 intervals were needed for NID or 8/10 with a 2.5-second initial delay, depending 
on the manufacturer); the final zone was programmed to detect arrhythmias exceeding 220–231 
beats/min, in which case defibrillator shock was the initial therapy (12–30 NID intervals were 
needed for or 8/10 with a 1.0-second initial delay, depending on the manufacturer). In the latter 
zone, ATP during charging was programmed since 2008–2009, depending on the manufacturer. 
ICD programming was adjusted to the needs of the patient, when clinically indicated. In addition, 
supraventricular tachycardia discriminators were enabled and atrial arrhythmia detection was set 
to >170 beats/min.

Follow-up and device interrogation
Patients were clinically assessed, and devices were interrogated under supervision of electro-
physiologists or device cardiologists. During device interrogation, stored episodes were analysed 
and defibrillator interventions were registered. Defibrillator therapy was classified on the basis 
of intracardiac electrograms and was considered appropriate only when occurring in response 
to ventricular tachycardia or ventricular fibrillation; other triggers for defibrillator therapy 
were considered inappropriate. Other device-related complications (not related to the initial 
implantation procedure) were assessed. A device-related infection was defined as an infection 
requiring device explantation. Lead failures included mechanical (micro-)dislodgment and/or 
electrical malfunctioning requiring lead intervention or lead inactivation of any lead, occurring 
>30 days after the initial lead implantation procedure.
Periodical follow-up visits were performed every 3–6 months or more frequently when indicated; 
all visits up to May 2012 were included. According to Dutch health care regulations, the implanting 
centre is responsible for adequate patient follow-up. Therefore, ICD recipients were tracked 
when follow-up visits were missed and referred to other centres only because of geographical 
reasons. Data on patients referred to surrounding centres were tracked. In the case of emigration 
or transmigration resulting in referral to centres far afield, or when follow-up visits were not 
performed for >12 months, follow-up was considered incomplete. However, these patients 
were included in the analysis as far as data were acquired. In the case of heart transplantation or 
premature termination of ICD treatment, follow-up was ended at the time of intervention. Survival 
status was retrieved from regularly updated municipal civil registries. In all deceased, the cause of 
death was retrieved from hospital letters or follow-up reports if present, and otherwise from the 
contacted general practitioner. In the Netherlands each patient has a general practitioner which 
is comparable with a Family doctor.

CHAPTER 2
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End points
All-cause mortality, appropriate defibrillator therapy (ATP and shock), and appropriate defibrillator 
shock were considered primary end points. Secondary end points were device replacements and 
device-related complications (inappropriate shock, device-related infections, and lead failure).

Statistical analysis
All statistical analyses were performed using the statistical software program SPSS 20.0 (IBM 
Corp., Chicago, IL). Continuous data are expressed as mean ± SD or as median with 25th–75th 
percentile, when appropriate. Categorical data are presented as number and percentage. Clinical 
characteristics at baseline were compared using the independent sample Mann-Whitney U test 
for continuous variables and the     2 test with Mantel-Haenszel odds ratio for categorical variables. 
A P value of <.05 was considered statistically significant. Cumulative event rates were calculated 
using cumulative incidence curves with log-rank statistics; event rates of appropriate therapy, 
appropriate shock, and device-related complications were adjusted for the competing risk of 
all-cause mortality.16 In addition, a multivariate Cox regression analysis was used, adjusted for 
predefined clinical characteristics (ICD indication, CRT treatment, creatinine clearance, history of 
atrial fibrillation/flutter, sex, age, aetiology of heart failure, LVEF, and New York Heart Association 
[NYHA] functional class).

RESULTS

Patients
Since 1996, 3352 patients underwent ICD or CRT-D implantation. Of these 3352 patients, 297 (9%) 
were diagnosed with congenital or monogenetic heart disease. The present study population 
included 3055 patients (1729 ICD recipients [57%] and 1326 CRT-D recipients [43%]). Follow-up 
was complete in 2874 patients (94%), and in the remaining 181 patients (6%), follow-up was 
incomplete.
At implantation, patients had a mean age of 63 ± 12 years, the majority was men (79%), and they 
had ischemic heart disease (68%) and reduced LVEF (primary prevention: 29% ± 11%; secondary 
prevention: 38% ± 15%). As indicated by Table 1, ICD recipients were younger (61 years vs 65 
years), more likely to have ischemic heart disease (74% vs 60%), had more preserved LVEF (37% vs 
26%), and shorter QRS duration (112 ms vs 149 ms).

Mortality and defibrillator therapies in ICD recipients
During a median follow-up of 5.8 years (25th–75th percentile 3.3–8.9 years), 438 patients with ICD 
(25%) died. The 12-year cumulative incidence of all-cause mortality was 49% (95% confidence 
interval [CI] 45%–54%; Table 2). As illustrated in Figure 1A, the 12-year cumulative incidence of 
all-cause mortality was lower in primary prevention ICD recipients than in secondary prevention 
ICD recipients (42% [95% CI 30%–55%] vs 53% [95% CI 48%–58%]; log rank, P = .004). 
Table 2 lists the cumulative incidences of appropriate therapy and appropriate shock in ICD 
recipients during follow-up. A total of 13,682 appropriate ICD therapies (ATP or shock) were 
received by 711 patients (41%), and 512 (30%) patients received >1 ICD intervention (Figure 2). 

CLINICAL COURSE OF DEFIBRILLATOR RECIPIENTS
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The 12-year cumulative incidence of appropriate therapy was 46% (95% CI 40%–52%) in primary 
prevention patients as compared with 63% (95% CI 59%–67%) in secondary prevention patients 
(log rank, P < .001; Figure 1B).
Appropriate defibrillator shocks were received by 461 patients with ICD (27%), and 274 patients 
received >1 ICD shock; overall, 1.621 ICD shocks were experienced. After 12 years of follow-up, 
the cumulative incidence of appropriate shock was 27% (95% CI 21%–33%) in primary prevention 
patients as compared with 48% (95% CI 44%–52%) in secondary prevention patients (log rank, P 
< .001; Figure 1C). 

CHAPTER 2

ICD=implantable cardioverter-defibrillator; CRT-D=cardiac resynchronization therapy-defibrillator; NYHA=New York Heart 
Association; LVEF=left ventricular ejection fraction; ACE=angiotensin-converting enzyme; AT=angiotensin; SD=standard 
deviation. Categorical variables are expressed by N (%), and continuous variables presented as mean±SD.

Table 1. Baseline characteristics of ICD and CRT-D recipients

Clinical parameters
Age, years

Male gender

Primary prevention 

Ischemic heart disease

NYHA functional class III/IV

LVEF, %

QRS duration, ms

History of atrial fibrillation/flutter 

Creatinine clearance, ml/min 

Hypertension

Diabetes 

History of smoking 

Medication
ACE inhibitors /AT II antagonists

Aldactone

Amiodarone

Beta-blockers

     Sotalol

Calcium antagonists

Diuretics

Statins

ICD recipients 

N=1729 

61±13

1409 (82%)

814 (47%)

1279 (74%)

242 (14%)

37±15 

112±27

503 (22%)

84±38

692 (40%)

341 (20%)

935 (54%)

1279 (75%)

363 (21%)

298 (17%)

923 (53%)

275 (16%)

162 (9%)

774 (45%)

1071 (62%)

CRT-D recipients 

N=1326 

p-value

65±10

1016 (77%)

1153 (87%)

798 (60%)

862 (65%)

26±9

149±33

419 (32%)

74±34

585 (44%)

318 (24%)

634 (48%)

 

1165 (88%)

603 (46%)

218 (16%)

930 (70%)

115 (9%)

82 (6%)

1074 (81%)

802 (61%)

<0.001

0.001

<0.001

<0.001

<0.001

<0.001

<0.001

<0.001

<0.001

0.03

0.005

0.001

<0.001

<0.001

<0.001

<0.001

0.001

<0.001



35

CLINICAL COURSE OF DEFIBRILLATOR RECIPIENTS

2



36

Mortality and defibrillator therapies in CRT-D recipients
A total of 404 CRT-D recipients (30%) died during a median follow-up of 4.5 years (25th–75th 
percentile 2.7–6.6 years). The 8-year cumulative incidence of all-cause mortality was 55% (95% 
CI 52%–58%; Table 2). After 8 years, the cumulative incidence of all-cause mortality was lower 
in primary vs secondary prevention CRT-D recipients (52% [95% CI 46%–57%] vs 71% [95% CI 
60%–80%]; log rank, P = .001; Figure 1D).
A total of 4,367 appropriate ICD therapies were received, in which 705 appropriate shocks were 
experienced by 370 CRT-D recipients (28%) and 239 received >1 ICD intervention (Figure 2). As 
illustrated in Figures 1E and 1F, the 8-year cumulative incidence of appropriate therapy was 36% 
(95% CI 32%–40%) in primary prevention and 56% (95% CI 46%–66%) in secondary prevention 

CHAPTER 2

Figure 1. Cumulative incidence curves of all-cause mortality and ICD interventions. 

All-cause mortality and ICD interventions in ICD and CRT-D recipients. Panel A: All-cause mortality in ICD recipients. Panel 
B: Appropriate therapy in ICD recipients. Panel C: Appropriate shock in ICD recipients. Panel D: All-cause mortality in CRT-D 
recipients. Panel E: Appropriate therapy in CRT-D recipients. Panel F: Appropriate shock in CRT-D recipients.
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CRT-D recipients (log rank, P < .001). In addition, the 8-year cumulative incidence of appropriate 
shock was 21% (95% CI 17%–28%) and 39% (95% CI 29%–49%) in primary and secondary prevention 
CRT-D recipients, respectively (log rank, P < .001).

Clinical outcome of ICD in subpopulations
Table 3 summarizes the results of a subgroup analysis in specific ICD populations; a multivariate 
model shows that the risk of all-cause mortality is 24% lower in female defibrillator recipients (P 
= .006) and increases with age (age 65–74 years: hazard ratio [HR] 1.31; P = .003] and age ≥75 
years: HR 1.62; P < .001). Patients with non–ischemic heart disease are 23% less likely to die (P = 
.003). The risk of all-cause mortality is also higher in patients with lower LVEF (HR 0.65; P < .001) 
or higher NYHA functional class (HR 1.36; P < .001).
In addition, the occurrence of appropriate therapy was analysed in specific ICD subpopulations 
(Table 3). The 10-year cumulative incidence of appropriate ICD therapy was comparable in 
patients with ischemic (58%; 95% CI 54%–63%) and non–ischemic (55%; 95% CI 49%–61%) heart 
disease (P = .07). In a multivariate analysis, only female sex (HR 0.80; P = .01) and LVEF ≥25% (HR 
0.76; P < .001) were associated with a reduced risk of appropriate ICD therapies.

CLINICAL COURSE OF DEFIBRILLATOR RECIPIENTS
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Figure 2. The number and distribution of effective ICD interventions

Number of effective ICD therapies (ATP and Shock) and ICD shock received by patients. Five % of the patients received > 
62 ICD interventions and are not included in the figure.

Device replacements
During follow-up, 1339 devices were replaced in 3055 ICD recipients. A total of 1050 patients 
(34%) received at least 1 device replacement (Figure 3). After 12 years of follow-up, patients had 
undergone a mean of 1.8 ± 0.7 device replacements. ICD recipients required their first device 
replacements after a mean follow-up of 5.6 years (95% CI 5.4–5.7 years), whereas CRT-D recipients 
required their device replacements after a mean follow-up of 4.9 years (95% CI 4.8–5.0 years) (log 
rank, P < .001).
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Device-related complications
Inappropriate shock was experienced by 397 patients (13%) during follow-up. As indicated 
by Table 2, the 12-year cumulative incidence of inappropriate device shock was 20% (95% CI 
18%–22%). After 8 years of follow-up, CRT-D recipients received an inappropriate shock less 
frequently than did ICD recipients (ICD: 20% [95% CI 18%–22%] vs CRT-D: 12% [95% CI 10%–14%]; 
log rank, P = .001).
One hundred six patients (3%) suffered from a device-related infection requiring device extraction. 
The 12-year cumulative incidence of device-related infection was 6% (95% CI 5%–8%; Table 
2). Device-related infection occurred more frequently in CRT-D than in ICD recipients (8-year 
cumulative incidence, ICD: 6% [95% CI 4%–7%] vs CRT-D: 8% [95% CI 5%–10%]; log rank, P = .01)
Furthermore, during follow-up, 210 patients (7%) experienced lead failure, necessitating lead 
intervention (repositioning, replacement, or extraction; N = 180 [85%]) or lead inactivation (N = 31 
[15%]). The 8-year cumulative incidence of lead failure was 10% (95% CI 7%–12%) in ICD recipients 
and 19% (95% CI 14%–23%) in CRT-D recipients (log rank, P < .001). The shock lead failed in 106 
patients (50%); of these failing right ventricular (RV) leads, 47 (44%) were leads with a known high 
failure rate (38 Sprint Fidelis leads [Medtronic Inc., Minneapolis, MN, USA] and 9 Riata leads [St. 
Jude Medical Inc., St. Paul, MN, USA]). The failure rates of RV leads with known high failure rates 
were significantly higher than those of RV leads without known high failure rates (log rank, P < 
.001). The 10-year cumulative incidence of RV lead failure was 7% (95% CI 5%–9%) for the RV lead 
without known high failure rates as compared to 34% (95% CI 11%–56%) for the RV lead with 
known high failure rates.

CLINICAL COURSE OF DEFIBRILLATOR RECIPIENTS
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Figure 3. Required device replacements during follow-up.

Proportion of patients requiring device replacements, in percentage of all device recipients alive at the specified time point.
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DISCUSSION

The main findings of the present study on 8–12-year outcome of ICD and CRT-D recipients can be 
summarized as follows: (1) of all ICD recipients, 49% had died and 58% had received appropriate 
ICD therapy after 12 years of follow-up; (2) of all CRT-D recipients, 55% had died and 39% had 
received appropriate defibrillator therapy after 8 years of follow-up; (3) after 12 years, patients 
required an average of 1.8 device replacements; (4) inappropriate shocks had been experienced 
by 20% of the patients; (5) 6% had suffered from device-related infection and 17% from lead 
failure.

The present study was performed in a large cohort of ICD and CRT-D recipients outside the 
setting of a clinical trial. The aim was not to highlight or explain differences in clinical outcome 
subgroups receiving an implantable defibrillator, but rather to provide insight into long-term 
clinical course of defibrillator recipients in general practice.

Mortality in ICD and CRT-D recipients
Large randomized trials have demonstrated that ICD implantation improves survival by primary 
and secondary prevention of sudden cardiac death. Only 2 of the pivotal trials on ICD treatment 
published results of extended follow-up of study patients.7 8 These studies are performed in a 
selected patient population that may not be representative of the patients receiving their ICD 
in routine clinical practice nowadays. Hence, comparisons between these studies must be 
interpreted with caution. In the MADIT-II, 44% of the primary prevention ICD recipients died after 
8 years, which seems comparable with the 8-year cumulative incidence of 40% observed in this 
study.8 Of the secondary prevention patients, 27% had died after 8 years of follow-up in the CIDS, 
while a 12-year cumulative incidence of all-cause mortality of 56% in secondary prevention ICD 
patients was observed in the present study. 7 This may be due to differences in severity of heart 
failure (NYHA functional class ≥3: present study: 18% vs CIDS: 5%). Other observational studies 
reported similar mortality rates, although most follow-up periods did not exceed 5 years in these 
studies.10-15 

The incidence of all-cause mortality of ICD recipients was higher in the secondary prevention 
population; this has not been described before and was only apparent after stratifying for ICD 
and CRT-D treatments. However, closely reviewing the 3-year mortality rates observed in primary 
and secondary prevention trials demonstrates a comparable trend.17 After 8 years, we observed a 
mortality of 52% in primary prevention CRT-D recipients. Yet, only 12% of the REVERSE population 
had died after 5 years; however, this trial included only patients with mild heart failure.18 Also, the 
mortality rate in the MADIT-CRT study population was markedly lower (18%–36% after 7 years).19 
Again, the patients enrolled in this trial suffered from less severe symptoms of heart failure (NYHA 
functional class ≥3: 10%).
In the present study, male sex, increasing age, ischemic heart disease, reduced LVEF (<25%), and 
NYHA functional class >3 were independently associated with an increased mortality.

Appropriate device therapy
The present study showed that 42% of primary prevention and 63% of secondary prevention ICD 
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recipients received appropriate ICD therapy during 12 years of follow-up. This seems comparable 
with the results of extended follow-up of the CIDS, which reported ICD therapy in 70% of the 
secondary prevention patients after 11 years.7 Also, previous primary prevention observational 
studies showed similar incidences of appropriate therapy after 5–7 years of follow-up.11-13 19 
Appropriate shocks were observed in 24% of the primary prevention patients and 47% of the 
secondary prevention patients over 12 years, which seems comparable with the 28% appropriate 
shocks reported by Ronn et al after 6 years in secondary prevention patients.10 Furthermore, 
the large ALTITUDE registry reported 33%–38% appropriate shocks after 5 years. However, 
comparisons with this registry should be interpreted with caution since the distribution of primary 
and secondary prevention patients is unknown.15

Appropriate device therapies occurred more frequently in patients with a lower LVEF, but also 
in female patients. To date, studies of sex differences in ICD treatment have shown conflicting 
results.20 

Device-related complications
Inappropriate device therapies are the most common adverse event of defibrillator treatment, 
which may result in proarrhythmic risk, heart failure progression, reduction of battery life, and 
psychological distress. Initial clinical trials have reported an incidence of inappropriate shocks 
of 13%–22% after a follow-up of 2–2.5 years.2 21 Through implementation of ATP, adjustments 
in zone cut-offs, and supraventricular tachycardia discrimination algorithms, the occurrence of 
inappropriate defibrillator shocks can be reduced.22 23 These strategies may have contributed to 
the lower occurrence of inappropriate shocks observed in the present study. Recently, Moss et 
al (MADIT-RIT) reported a method to further reduce inappropriate shock in primary prevention 
patients by delayed therapy (first ICD shock delayed by 60 seconds) or high rate therapy (ICD 
shock is initial therapy in ventricular arrhythmias >200 beats/min), which resulted in a 50% 
reduction of inappropriate shocks (without increased occurrence of syncope) and an additive 
reduction of all-cause mortality of 55%.24 Implementation of these algorithms will hopefully lead 
to further reduction of inappropriate shocks in future ICD or CRT-D recipients.
Large registries have described an annual rate of device-related infections of 1.5%–2.4%.25 
The present study observed 6% device-related infections after 12 years of follow-up, which 
corresponds to an annual infection rate of 0.8%.
After 12 years of follow-up, the incidence of lead failure was 17%; during the initial years of follow-up, 
results were in line with other cohort studies.26 27 Although 29% of the failing leads included leads 
with known high failure rate, the long-term durability of leads requires improvement.

Clinical perspectives
The present patient population illustrates that appropriate defibrillator interventions frequently 
occur in patients receiving an ICD and CRT-D according to contemporary international guidelines. 
Even after long-term follow-up without defibrillator interventions, patients remain at high risk for 
potentially life-threatening ventricular arrhythmias. The high event rates of defibrillator therapy 
observed in this study emphasizes the efficacy of ICD and CRT-D implantation in the long term. 
However, the device-related complication rate in the long term is worrisome. Awareness of the 
burden of inappropriate defibrillator shocks already exists. According to the recently published 
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and ongoing studies, the incidence of inappropriate shocks might be reduced in the near future 
by changes in device settings.24 Furthermore, the lead failure rates in the long term are alarming 
and warrant efforts from both the industry and medical professionals to improve lead durability.

Study limitations
This was an observational study to assess the prolonged clinical outcome of ICD recipients 
in routine clinical practice. Since the study is performed outside the setting of a clinical trial, 
results are not limited by inclusion of a selected patient population and therefore might be more 
representative of contemporary general practice. Results are based on a large patient cohort that 
is prospectively and accurately followed; however, the results are of a single-centre origin and 
therefore the generalizability may be limited. Evolving guidelines and the prolonged period of 
data collection could have created a heterogeneous study population. Since cumulative event 
rates were examined over a long period of time, the results underrate the developments made in 
ICD treatment (i.e., reduction in inappropriate shock rate by device algorithms, ICD programming, 
and improved battery life) by recent clinical trials.

CONCLUSION

After long-term follow-up of ICD (12 years) and CRT-D (8 years) recipients, 49% of ICD recipients 
and 55% of CRT-D recipients had died. Appropriate ICD therapy was received by the majority (58%) 
of ICD recipients and by almost 40% of CRT-D recipients. During 12 years, patients underwent 
a mean of 1.8 device replacements, 20% received inappropriate shocks, 6% suffered from 
device-related infections, and 17% experienced lead failure. The complication rates, especially 
of inappropriate shocks and lead failure, are worrisome and require effort from physicians and 
industry.
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