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Chapter 4

The impact of atrial fibrillation in a real 
world ICD cohort.
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Abstract

Introduction: Atrial fibrillation (AF) is the most common supraventricular arrhythmia in patients 
with an implantable cardioverter defibrillator (ICD). We evaluated the prognostic significance of AF 
in ICD patients with ischemic or dilated heart disease.

Methods: 647 consecutive patients with ischemic or dilated cardiomyopathy (81% male, mean 
age 64±10 years, 70% primary prevention) receiving an ICD in the Thoraxcenter Twente were 
included. Demographic data, including existence and type of AF (permanent or non-permanent) 
were collected. Primary endpoints were all cause mortality and ICD discharge (appropriate or 
inappropriate). 

Results: At implantation, 183 (28%) had a history of AF (13% non-permanent and 15% permanent. 
During 41±15 months follow up, 135 (21%) patients died, 142 (22%) patients experienced an ICD 
shock, of which 104 (16%) appropriate and 58 (9%) inappropriate. After multivariate analysis 
permanent AF was significantly related to mortality (HR 1.63 (95%CI: 1.08-2.47)) and shock therapy 
(HR 2.10 (95%CI 1.39-3.15), both appropriate (HR 1.67 (95%CI 1.03-2.71) and inappropriate (HR 3.62 
(95%CI 1.92-6.84)). Non-permanent AF was only related to inappropriate shock therapy (HR 2.43 
(95%CI 1.21-4.87)).
During follow up, 29 patients (6.3%) with sinus rhythm developed AF, this was related to 
inappropriate shock therapy (HR 2.83 (95%CI 1.08-7.41).

Conclusion: In real-world ICD recipients, almost a third have a history of permanent or non-
permanent AF, which is associated with higher rates of mortality and ICD discharge. Especially 
permanent AF is associated with higher rates of mortality and ICD discharge (both appropriate 
and inappropriate). Non-permanent AF and new onset AF are associated with inappropriate ICD 
discharge. 

Kraaier K, van Rennes B, Oude Velthuis B, Stevenhagen YJ, van Opstal JM, Scholten MF.
Submitted
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Methods

Patients and follow up
The study was conducted at the Thoraxcenter Twente (Medisch Spectrum Twente, Enschede, The 
Netherlands). All consecutive patients with ischemic or dilated heart disease who received an ICD 
between 1 January 2006 and 31 December 2009 were included in the analysis. All patients with 
ischemic or dilated cardiomyopathy received an ICD for primary or secondary prevention following 
the AHA/ESC guidelines.(7) Ischemic origin of heart disease was defined as an history of prior 
myocardial infarction or proven significant coronary abnormalities with or without interventions. 
Demographics and follow up data were collected from electronic and non-electronic patient 
files. Choice of device and programming details were left to the discretion of the implanting 
cardiologist. In most patients, 3 zones are programmed; a monitor zone (380ms), VT zone (330ms 
– ATP and shock), VF zone (270ms – ATP during charging). Discrimination criteria are programmed 
on. After implantation, follow up was scheduled every 3 to 6 months at the outpatient clinic or by 
remote monitoring. 

Endpoints
The primary endpoint of the study was all cause mortality and ICD discharge. ICD discharge was 
seperated into appropriate and inappropriate shocks. Shocks were defined as appropriate if 
occurrence was in response to ventricular tachycardia or fibrillation.

Statistical analysis
Continuous variables are presented as mean ±SD, categorical data are summarized as frequencies 
and percentages. Based on the history and ECGs, patients were divided in 3 groups: 1) no atrial 
fibrillation, 2) non-permanent AF (paroxysmal or persistent AF) and 3) permanent AF. Differences 
in baseline characteristics were analyzed using student t-test or Mann-Whitney if continuous, or 
chi-square or Fisher exact test if categorical. Survival analysis was performed using Kaplan-Meier 
cumulative survival analysis and Cox regression. Multivariate analysis was performed, using all 
univariate predictors with a p-value <0.20. All tests were 2-sided, p-values of 0.05 were considered 
statistically significant.

Introduction

The role of the implantable cardioverter defibrillator (ICD) in preventing sudden cardiac death 
has been proven in several primary and secondary prevention trials.(1-6) After implementation of 
these studies in the current guidelines, ICD implantation is now advised in patients with a survived 
cardiac arrest without reversible cause (secondary prevention), or in patients with high risk of 
cardiac arrests based on low left ventricular ejection fraction (LVEF) and heart failure symptoms 
(primary prevention).(7) 

 With a prevalence of 15-25%, atrial fibrillation is the most common supraventricular 
arrhythmia in patients with heart failure.(8) In ICD studies regarding AF, observed prevalence of AF 
is between 11 and 33%. (9-12) About the prognostic value of AF in ICD patients less is known and 
existing data regarding mortality and shock therapy are conflicting.(9-14) 
 The aim of this study is to determine the influence of AF on mortality and ICD discharge (both 
appropriate and inappropriate) during long follow up in real-world ICD recipients. 
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All p-values compared to sinusrhythm. * p<0.05. **p<0.01
LVEF = left ventricular ejection fraction; DM = diabetes mellitus; COPD: chronic obstructive pulmonary disease; CVA: 
cerebrovascular accident; TIA: transient ischemic attack; NYHA: New York Heart Association functional class.

Follow up and clinical endpoints
During a mean follow up of 41±15 months, 135 (21%) patients died. Compared to patients without 
AF, both in uni- and multivariate analysis, permanent AF was related to all-cause mortality, with a 
hazard ratio of 1.63 (95%CI 1.08-2.47, p<0.001, figure 1a). A statistical trend was found between 
non-permanent AF and mortality (p = 0.06, figure 1a)
142 (22%) Patients experienced a total of 162 shocks, of which 104 (16%) were classified as 
appropriate and 58 (9%) as inappropriate. Of the 58 inappropriate shocks, 50 (86%) shocks were 
due to a supraventricular tachycardia. After multivariate analysis, patients with permanent AF 
experienced significant more shocks (HR 2.10 (95%CI 1.39-3.15), p=<0.001), both appropriate (HR 
1.67 (95% CI 1.03-2.71), p=0.04, figure 1b) and inappropriate (HR 3.62 (95% CI 1.92-6.84), p<0.001, 
figure 1c). Non-permanent AF was associated with more shock therapy (HR 1.59 (95% CI 1.01-2.50), 
p=0.05), which could be explained by a significant relation with inappropriate shock therapy (HR 
2.43 (95% CI 1.21-4.87), p=0.01, figure 1c). There was no relation with appropriate shock therapy 
(figure 1b). Inappropriate ICD discharge were regardless the type of implanted device (all p-values 
> 0.10). 
 In the patients with AF, more amiodarone, sotalol and digoxin was used. The use of digoxin 
was related to mortality, however after correction for possible confounders (under which 
permanent AF), this relationship was not longer significant. 

New onset AF
During follow up, 29 patients (6.3%) with sinus rhythm developed AF (new-onset AF). There was a 
significant relation with inappropriate shock therapy (HR 2.83 (95%CI 1.08-7.41), p=0.03). New-
onset AF was not related to mortality (p=0.99) or appropriate shock therapy (p=0.64). 

Results

Patient characteristics
Between January 2006 and December 2009, 647 patients (81% male, mean age 64±10 years, 70% 
primary prevention) with ischemic or dilated heart disease received an ICD (table 1). A history of 
atrial fibrillation was present in 183 (28%) of the patients, in 86 (13%) non-permanent and in 97 
(15%) permanent. Compared to patients without AF, both patients with permanent and non-
permanent AF had higher age. Patients with permanent AF were also more often male, had more 
often symptoms from heart failure, and had more often comorbidities (diabetes mellitus and prior 
cerebrovascular accident or transient ischemic attack). 

Table 1: Baseline characteristics

Non-permanent AF Permanent AF No AF
Number of patients 86 97 464
General

Age (years) 66±10* 67±7** 63±10
Gender (male) 58 (79.1%) 86 (88.7%)* 371 (80.0%)
LVEF (%) 29±13 26±12 27±10

Comorbidities
Hypertension 22 (26.2%) 24 (24.7%) 111 (24.1%)
DM 15 (17.9%) 30 (30.9%)* 98 (21.2%)
COPD 9 (10.7%) 12 (12.4%) 46 (10.0%)
CVA/TIA 4 (4.8%) 15 (15.5%)** 31 (6.9%)

Indication
Primary 56 (65.1%) 64 (66.0%) 333 (71.8%)
Secondary 30 (34.9%) 33 (34.0%) 131 (28.2%)

Etiology
Ischemic 66 (76.7%) 62 (63.9%) 318 (68.5%)
Dilated 20 (23.3%) 35 (36.1%) 146 (31.5%)

NYHA ≥ 3 28 (35.4%) 39 (40.6%)** 127 (27.7%)
Medication 

Beta-blocker 56 (65.9%)** 79 (81.4%) 378 (81.8%)
Sotalol 10 (11.8%)* 3 (3.1%) 23 (5.0%)
Amiodarone 18 (21.2%) 21 (21.6%)* 64 (13.8%)
Digoxin 11 (12.9%)** 40 (41.7%)** 19 (4.1%)

Device
Single Chamber 23 (27.7%)** 51 (53.1%)** 206 (44.5%)
Dual Chamber 34 (41.0%)** 14 (14.6%)** 121 (26.1%)
Biventricular 26 (31.3%** 31 (32.3%)** 136 (29.4%)

Endpoints
Mortality 22 (25.6%) 32 (33.0%)** 81 (17.5%)
Shock 24 (27.9%) 32 (33.0%)** 86 (18.5%)

Appropriate 16 (18.6%) 22 (22.7%)* 66 (14.2%)
Inappropriate 11 (12.8%)* 16 (16.5%)** 31 (6.7%)
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Discussion

This present study shows that patients with AF have a higher mortality rate and experience more 
ICD discharges. Especially in patients with permanent AF, there are significant relations with 
mortality, and both appropriate and inappropriate shock therapy. In patients with non-permanent 
AF or new-onset AF, only the prevalence of inappropriate shock therapy was higher compared to 
patients with no documented history of AF. 

AF is very common in ICD recipients, in this cohort almost one third was known with some form of 
AF. Contrary to patients in sinus rhythm, there is limited data about the survival benefit of ICDs in 
patients with AF. In the MADIT II, only 102 patients had AF at time of enrollment.(15) Patients with 
AF had higher age and more advanced disease, which is comparable to our cohort. In the MADIT II, 
41 of the 102 patients with AF received an ICD, in these patients mortality was reduced compared 
to optimal medical treatment (22 vs 39%).(13) However, this was not statistically significant (p=0.08). 
Compared to patients without AF, both patients with known AF or new-onset AF had worse 
prognosis, regarding mortality and hospitalization. 

Several ICD and non-ICD studies studied the relation between AF and mortality, however the 
relation remains controversial, since outcomes are conflicting.(10-12;16-18) 

 In a mixed ICD population regarding etiology and indication, Borleffs et al described an 1.7 
time increased risk for all cause mortality in patients with permanent AF. No increased risk was 
found for patients with paroxysmal or persistent AF.(11) This is in line with our own results, in which 
a 1.6 higher risk in permanent AF, and no increased risk in non-permanent AF was found. Contrary, 
van Gelder et al. did not find a relation between AF and mortality.(12) The same controversy remains 
with new-onset AF and mortality, in the cohorts of the MADIT II and INTRINSIC RV study a higher 
incidence of mortality was described(10;13), however in our cohort and the PREPARE cohort, no 
relation was found.(12)

When discussing the relation between AF and ICD shocks, the separation between appropriate 
and inappropriate shocks has to be made. Hypothetically heart rate irregularity can lead to QT 
dispersion or prolongation, which are both risk factors for the occurrence of VA and which could 
therefore lead to higher percentage of appropriate shocks.(19) Smit et al showed that in primary 
prevention patients, AF was associated with a -6.9 fold risk of appropriate shocks.(14) However if 
a distinction is made between the permanent and non-permanent forms of AF it seems that only 
permanent AF is significantly associated with appropriate ICD therapy. No relation was found for 
the non-permanent forms of AF and appropriate shocks.(11-13;15)

 More data is published about the relation between AF and inappropriate shock therapy. In 
literature, both permanent and non-permanent AF is associated with inappropriate therapy.(11-13) In 
our study, 86% of the inappropriate shocks was due to AF with fast ventricular response which was 
incorrectly classified as ventricular tachycardia. 
 

Figure 1: Survival curves regarding mortality, appropriate shock therapy and inappropriate shock therapy.
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Conclusion

In real-world ICD recipients, almost a third have a history of permanent or non-permanent AF. Extra 
attention has to be paid to these patients since AF seemed to be associated with poor outcomes 
compared to patients without documented AF. Especially permanent AF leads to higher mortality 
and ICD discharge, both appropriate and inappropriate. Non-permanent AF or new-onset AF 
does not lead to higher mortality or appropriate shock therapy, but does lead to higher rates 
of inappropriate ICD discharge. In the light of our findings the question is raised what the best 
treatment strategy is in patients with an ICD and AF. Considering the difficulty to maintain sinus 
rhythm in patients with structural heart disease a more aggressive rate control achieved by drugs 
or his bundle ablation and optimal ICD programming might be beneficial. 

Since both appropriate and appropriate shocks are related to a higher mortality(20-22), it seems 
important to reduce the possibility of inappropriate shocks. This can be achieved by rhythm or 
rate control. In patients with heart failure, effectiveness of pulmonary vein isolation for rhythm 
control is poorly evaluated, so if medication fails to keep a patient in sinus rhythm, rate control 
seems the most important strategy.(23) This can be achieved by aggressive drugs strategy or his 
bundle ablation. Furthermore the choice of the system and the optimal programming settings 
seems important. A dual chamber ICD can decrease the chance of inappropriate ICD shocks.
(24) Theoretically also a single chamber ICD with atrial sensing lead should be able to reduce 
inappropriate shocks due to atrial fibrillation.(25;26) Furthermore, programming the device at 
strategically chosen ICD VT/VF detection thresholds, prolonged detection intervals and use of ATP 
or SVT discrimination algorithms can also reduce the number of inappropriate shocks.(12;27;28) 
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