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Aims Atrial fibrillation (AF) is often present in patients with left ventricular dysfunction who receive an
implantable cardioverter-defibrillator (ICD). The purpose of this study was to investigate whether AF is
associated with appropriate shocks and cardiovascular mortality in primary prevention ICD patients with
left ventricular dysfunction.
Methods and results We included 80 primary prevention ICD patients with left ventricular dysfunction
and compared the outcome between patients with a history of AF (n ¼ 29) and patients with no history
of AF (n ¼ 51). The primary endpoint was occurrence of appropriate shocks. Secondary endpoints were:
(1) the composite of cardiovascular mortality/appropriate shocks; and (2) inappropriate shocks. During
follow-up (median 8 months, range 1–60), patients with a history of AF more often received appropriate
shocks than patients with no history of AF (24 vs. 6%, P ¼ 0.03). The composite endpoint of cardiovas-
cular mortality/appropriate shocks was also more likely to occur in patients with a history of AF (34 vs.
12%, P ¼ 0.02). History of AF predicted appropriate shocks (HR 6.9, 95% CI 1.7–27.5, P ¼ 0.006) and the
composite endpoint of cardiovascular mortality/appropriate shocks (adjusted HR 5.1, 95% CI 1.7–15.1,
P ¼ 0.003). There were no differences in occurrence of inappropriate shocks.
Conclusion Our study demonstrates that history of AF is associated with increased risk of appropriate
shocks and cardiovascular mortality in primary prevention ICD patients with left ventricular dysfunction.
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Introduction

Patients with impaired left ventricular function have an
increased risk of cardiovascular morbidity and mortality,
despite new pharmacological strategies over the past
years, these patients still have a poor prognosis.1 One
approach to increase survival of heart failure patients is to
reduce sudden cardiac death by implantable cardioverter-
defibrillator (ICD) therapy. Initially developed for secondary
prevention of sudden death,2 ICD therapy has now been
shown to be effective for primary prevention with left ven-
tricular dysfunction.3–7 As a result, increasing numbers of
these patients receive an ICD for primary prevention of
sudden death. However, better risk stratification for
patient selection would be beneficial to avoid ICD implan-
tation in patients who do not need ICD therapy.

Atrial fibrillation (AF) is highly prevalent in patients with
impaired left ventricular function. Several studies have
shown that AF is associated with an increased risk of mor-
tality.8–12 However, this observation has been contradicted
by other studies, in which AF was not an independent risk
factor for mortality.13–16 In particular, it is uncertain
whether AF is associated with life-threatening ventricular
arrhythmias and, consequently, with sudden cardiac death.
If this is the case, it may be of help in the selection of
patients qualifying for primary prevention ICD implantation.
Therefore, the purpose of this study was to investigate
whether AF is associated with appropriate ICD shocks and
cardiovascular mortality in primary prevention ICD patients
with left ventricular dysfunction.

Methods

Patient population

We retrospectively evaluated all consecutive patients who under-
went a first ICD implantation for primary prevention of sudden
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cardiac death in the University Medical Center of Groningen until
January 2005. Patients were included if they had ischaemic or non-
ischaemic cardiomyopathy and left ventricular ejection fraction
(LVEF) �35%. The indication for device implantation was based
on guidelines of the European Society of Cardiology and American
College of Cardiology/American Heart Association for the use of
ICDs in the primary prevention of sudden cardiac death.17–20 Over
the period of enrolment, indications for ICD implantation became
more liberal as a result of the publication of important primary
prevention ICD trials such as the Multicenter Automatic
Defibrillator Implantation Trial (MADIT) II and the Comparison of
Medical Therapy, Pacing, and Defibrillation in Heart Failure (COM-
PANION) Trial.6,21 Our evaluation protocol for patients who were
candidates for ICD implantation includes 12-lead electrocardio-
gram, transthoracic echocardiography, exercise test, 24-h Holter
monitoring, LVEF assessment (using radionuclide scanning, angio-
graphy, or transthoracic echocardiography), and coronary angiogra-
phy.22 Clinical history and characteristics were retrieved using
patient medical records. History of AF was determined using elec-
trocardiograms stored in medical records, and was defined as AF
ever documented on electrocardiogram, including AF at baseline.

We used a consistent protocol for ICD programming. Shocks for
ventricular fibrillation (VF) were usually set at a rate .200 bpm
and therapy for ventricular tachycardia (VT) usually at
.150 bpm. Routinely, we use antitachycardia pacing in this zone,
which consists of two bursts and two ramps, followed by shocks.
For detection, an arrhythmia needed to persist for 1–3 s for
Guidant devices, whereas Medtronic devices were programmed to
require 18 of 24 beats to be below the programmed VF detection
cycle length. Supraventricular tachycardia and VT discrimination
algorithms were routinely used. There were no systematic differ-
ences in programming between patients with a history of AF and
patients with no history of AF.

Follow-up

Patients were routinely seen every 6 months. In case of shock deliv-
ery they were seen within 48 h. Duration of follow-up was computed
from the time of ICD implantation to death or heart transplantation
when applicable, or to the date when the last follow-up data were
obtained.

Endpoint definitions

The primary endpoint was the occurrence of appropriate ICD shocks.
Appropriate shocks were defined as shocks delivered by the ICD to
terminate ventricular arrhythmias documented by stored ICD elec-
trograms. All ICD-stored electrograms from delivered therapies
were printed out as hardcopies and reviewed by two experienced
electrophysiologists blinded for the presence or absence of AF to
assess the type of clinical arrhythmia and to confirm appropriate-
ness of the ICD intervention. The findings of this retrospective
analysis were compared with the analysis made by the electrophy-
siologist after interrogation of the device immediately after the
shock.

Secondary endpoints included: (1) the composite endpoint of car-
diovascular mortality and appropriate ICD shocks; and (2) inap-
propriate shocks. We defined cardiovascular mortality as death
due to sudden cardiac death, heart failure, or other cardiovascular
causes, and heart transplantation. Sudden cardiac death was
defined as natural death due to cardiac causes, heralded by
abrupt loss of consciousness within 1 h of the onset of acute symp-
toms. Pre-existing heart disease was known to be present, but the
time and mode of death are unexpected.23 Inappropriate ICD
shocks were defined as shocks which were not delivered for ventri-
cular arrhythmias, for example during AF with a high ventricular
response, or because of over-sensing due to lead problems such as
lead fractures or lead dislocation.

Other definitions

Valve disease is defined as moderate or severe valve regurgitation/
stenosis. Paroxysmal AF is defined as self-terminating, recurrent AF,
in which the episodes of AF usually last less than 48 h (with a
maximum of 7 days). Persistent AF is defined as AF that fails to ter-
minate spontaneously and can be cardioverted to sinus rhythm, and
in permanent AF electrical cardioversion is unsuccessful or deemed
unnecessary.24

Statistical analysis

Baseline descriptive statistics are presented as mean+ SD or
median (range) for continuous variables and numbers with percen-
tages for categorical variables. We evaluated differences between
variables in patients with a history of AF vs. patients with no
history of AF using x2 test and Fisher’s exact test for categorical
data, and Student’s t-test and Mann–Whitney U test for continuous
data, according to the normality of distribution of the data.
Cumulative event proportions were calculated using Kaplan–

Meier analysis and the log-rank test was used to compare survival
curves between the two study groups. We calculated adjusted
hazard ratios (HRs) for all baseline variables with Cox proportional
hazard regression models. Multivariate analysis was performed
using all variables with P, 0.1 in univariate analysis. A stepwise
approach was used and first-line interactions were investigated. In
all analyses P, 0.05 was considered statistically significant.

Results

Patient characteristics

Between January 2000 and January 2005, 80 patients with
ischaemic or non-ischaemic cardiomyopathy and LVEF � 35%
received an ICD for primary prevention. A total of 15 patients
(19%) received a single-chamber device, 40 patients (50%)
received a dual-chamber device, and a biventricular device
was implanted in 25 patients (31%).
Baseline characteristics of the patients are depicted in

Table 1. Drug therapy at hospital discharge is shown in
Table 2. Mean LVEF was 24+ 8%. Reasons for ICD implan-
tation were non-sustained VTs (n ¼ 49) or LVEF � 30%
without VTs (n ¼ 31).
A total of 29 patients (36%) had a history of AF and 51

patients (64%) had no history of AF. Patients with a history
of AF more often had a single-chamber ICD than patients
with no history of AF [10 of 29 patients (34%) vs. 5 of 51
patients (10%), P ¼ 0.004]. They also more often had pre-
vious cardiac surgery [12 of 29 patients (41%) vs. 10 of 51
patients (20%), P ¼ 0.04], and at echocardiography they
had a larger left atrium, parasternal axis (52+ 6 vs.
47+ 9 mm, P ¼ 0.04). In addition, patients with a history
of AF more often took oral anticoagulation [28 of 29 patients
(97%) vs. 39 of 51 patients (76%), P ¼ 0.03] at baseline.
Ten patients had either paroxysmal or persistent AF at

baseline, i.e. at the time of implantation. None of the
patients had permanent AF. Baseline variables between
patients with and without AF at baseline were comparable,
except that patients with AF at baseline more often had a
single-chamber ICD than patients with sinus rhythm at base-
line [8 of 10 AF at baseline patients (80%) vs. 7 of 70 no AF at
baseline patients (10%), P , 0.001].

Follow-up

Median follow-up was 8 months (range 1–60 months). During
follow-up, one of 80 patients (1%) received an ICD
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replacement because of premature end-of-life.
Complications because of ICD implantation occurred in five
of 80 patients (6%). Four atrial lead dislocations (5%)
occurred and one patient (1%) developed a pneumothorax
requiring intervention. No patient was lost to follow-up.

Appropriate ICD shocks
Retrospective analysis regarding appropriateness of the
shocks was the same between the two electrophysiologists
in all cases. It was also comparable with the analysis made
immediately after interrogation of the ICD. Ten of 80
patients (12%) received a median of 1 (range 1–3) appropri-
ate ICD shocks during follow-up. The first appropriate shock

occurred after a median of 7 months (range 1–15 months).
Four patients received more than one appropriate shock,
of which three patients experienced repeated shocks occur-
ring within 1 h. All but one appropriate shock were due to
monomorphic fast VTs with a mean rate of 203+ 9 bpm;
one patient in the no history of AF group received a shock
for VF.

In the history of AF group more patients received
appropriate shocks than in the no history of AF group [7 of
29 patients (24%) vs. 3 of 51 patients (6%), P ¼ 0.03]
(Table 3 and Figure 1A). AF preceded the fast VT requiring
a shock in two patients. Both patients had AF at baseline.
One of the patients in whom AF preceded the fast VT was

Table 1 Clinical characteristics of the patients at baseline

Clinical characteristic Total population
(n ¼ 80)

History of AF
(n ¼ 29)

No history of AF
(n ¼ 51)

P-value

Age (years) 61+ 15 63+ 14 56+ 14 0.05
Male sex 63 (79%) 23 (79%) 40 (78%) 0.93
Ischaemic cardiomyopathy 48 (60%) 19 (66%) 29 (57%) 0.45

Angina pectoris 30 (38%) 11 (38%) 19 (37%) 0.95
Previous MI 45 (56%) 18 (62%) 27 (53%) 0.43
Time between MI and ICD implantation (months) 95 (1–421) 90 (1–354) 104 (1–421) 0.80

Non-ischaemic dilated cardiomyopathy 32 (40%) 10 (34%) 22 (43%) 0.45
History of valve disease 29 (36%) 13 (45%) 16 (31%) 0.23

Mitral valve regurgitation 27 (34%) 11 (38%) 16 (31%) 0.55
Aortic valve regurgitation/stenosis 1/1 (1/1%) 1 (3%) 1 (2%) 1.00
Tricuspid valve regurgitation 6 (8%) 4 (14%) 2 (4%) 0.18

History of hypertension 22 (28%) 10 (34%) 12 (24%) 0.29
Diabetes mellitus 13 (16%) 7 (24%) 6 (12%) 0.21
Previous cardiac surgery 22 (28%) 12 (41%) 10 (20%) 0.04
History of AF 29 (36%) 29 (100%) —

Paroxysmal AF 10 (13%) 10 (34%) —
Persistent AF 19 (24%) 19 (66%) —

NYHA functional class 0.78
I 13 (16%) 4 (14%) 9 (18%)
II 34 (43%) 12 (41%) 22 (43%)
III 32 (40%) 13 (45%) 19 (37%)
IV 1 (1%) — 1 (2%)

Index arrhythmia 0.72
Non-sustained VT 49 (61%) 17 (59%) 32 (63%)
None 31 (39%) 12 (41%) 19 (37%)

Number of chambers with leads implanted
Single 15 (19%) 10 (34%) 5 (10%) 0.004
Dual 40 (50%) 10 (34%) 30 (59%)
Biventricular 25 (31%) 9 (31%) 16 (31%) 0.78

Rhythm at baseline ,0.001
Sinus rhythm 70 (88%) 19 (66%) 51 (100%)
AF 10 (13%) 10 (34%) —

Heart rate (bpm) 73+ 15 76+ 17 70+ 14 0.11
Blood pressure (mmHg)

Systolic 120+ 22 119+ 22 121+ 22 0.65
Diastolic 70+ 13 69+ 15 70+ 12 0.70

Echocardiography
Septal wall thickness (mm) 10+ 2 10+ 1 9+ 2 0.05
Posterior wall thickness (mm) 9+ 1 9+ 1 9+ 1 1.00
Left ventricular end-diastolic diameter (mm) 68+ 13 68+ 12 69+ 13 0.75
Left ventricular end-systolic diameter (mm 59+ 14 58+ 13 59+ 14 0.63
Left atrial parasternal axis (mm) 49+ 9 52+ 6 47+ 9 0.04
Fractional shortening (%) 13 (2–46) 13 (5–46) 12 (2–33) 0.83
Left ventricular ejection fraction (%) 24+ 8 24+ 8 24+ 8 0.64

Data expressed as mean+ SD, median (range) or number (%), as required. The P-values relate to the comparison between patients with a history of AF and
patients with no history of AF. MI, myocardial infarction; NYHA, New York Heart Association functional classification.
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known to have paroxysmal AF, and the other had persistent
AF. There was no difference in occurrence of appropriate
shocks between paroxysmal and persistent AF patients
[2 of 10 paroxysmal AF patients (20%) vs. 5 of 19 persistent
AF patients (26%), P ¼ ns).

According to Cox proportional hazard regression models,
baseline characteristics that were significantly different
between patients with a history of AF and patients with no
history of AF were not associated with the occurrence of
appropriate shocks. In contrast, history of AF was the only

Table 2 Drug therapy at hospital discharge

Treatment Total
population
(n ¼ 80)

History
of AF
(n ¼ 29)

No history
of AF
(n ¼ 51)

P-value

b-blocker 68 (85%) 24 (83%) 44 (86%) 0.75
ACE-inhibitor or ARB 76 (95%) 29 (100%) 47 (92%) 0.29
Diuretic 63 (79%) 24 (83%) 39 (76%) 0.51
Digitalis 21 (26%) 10 (34%) 11 (22%) 0.21
Oral anticoagulation 67 (84%) 28 (97%) 39 (76%) 0.03
Aspirin 9 (11%) 1 (3%) 8 (16%) 0.15
Calcium channel blocker 5 (6%) 4 (14%) 1 (2%) 0.06
Class III antiarrhythmic agent 16 (20%) 7 (24%) 9 (18%) 0.49
Statin 45 (56%) 16 (55%) 29 (57%) 0.88

Data are expressed as number (%). The P-values relate to the comparison between patients with a history
of AF and patients with no history of AF. ACE, angiotensin converting enzyme; ARB, angiotensin receptor
blocker.

Table 3 Events during follow-up

Events Total
population
(n ¼ 80)

History
of AF
(n ¼ 29)

No history
of AF
(n ¼ 51)

P-value

Appropriate shocks 10 (12%) 7 (24%) 3 (6%) 0.03
Cardiovascular mortalityþ
appropriate shocks

16 (20%) 10 (34%) 6 (12%) 0.02

Cardiovascular mortality 6 (8%) 3 (10%) 3 (6%) 0.66
Heart transplantation 1 (1%) 1 (3%) —
Heart failure 5 (6%) 2 (7%) 3 (6%)

Non-cardiac death 1 (1%) 1 (3%) 1 (2%) 1.00
Inappropriate shocks 3 (4%) 2 (7%) 1 (2%) 0.30

Data are expressed as number (%). The P-values relate to the comparison between patients with a history
of AF and patients with no history of AF.

Figure 1 (A) Kaplan–Meier survival curve of time to first appropriate shock according to presence of history of AF or no history of AF. (B)
Kaplan–Meier survival curve of time to composite endpoint of cardiovascular mortality and appropriate shock according to presence of
history of AF or no history of AF.
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univariate predictor of appropriate shocks (HR 6.9, 95% CI
1.7–27.5, P ¼ 0.006) (Table 4A). All other baseline variables
including drugs of patients with appropriate shocks during
follow-up were comparable with baseline variables of
patients without appropriate shocks during follow-up.

Cardiovascular mortality and appropriate ICD shocks
Cardiovascular mortality occurred in 6 of 80 patients
(8%) (Table 3). One patient (1%) underwent heart
transplantation due to end-stage heart failure and five
patients (6%) died because of end-stage heart failure.
There were no differences between the history of AF and
no history of AF groups with respect to cardiovascular
mortality.
The composite endpoint of cardiovascular mortality and

appropriate shocks occurred in 16 patients (20%) and was
more likely to occur in patients with a history of AF [10 of
29 patients (34%) vs. 6 of 51 patients (12%), P ¼ 0.02]
(Figure 1B).
Baseline characteristics that were significantly different

between patients with a history of AF and patients with no
history of AF were not associated with the occurrence of
the composite endpoint according to Cox proportional
hazards regression models. History of AF was an indepen-
dent predictor of the composite endpoint of cardiovascular
mortality and appropriate shocks (adjusted HR 5.1, 95% CI
1.7–15.1, P ¼ 0.003) (Table 4B). In addition, presence of tri-
cuspid valve regurgitation also independently predicted the
occurrence of the composite endpoint (adjusted HR 4.9, 95%
CI 1.5–16.1, P ¼ 0.009).

Inappropriate ICD shocks
A total of three of 80 patients (4%) experienced a median
of 3 (range 2–8) inappropriate shocks during follow-up.
Median time until the first inappropriate shock was 3
months (range 0–22 months). In two patients (3%) inap-
propriate shocks were because of lead problems (lead
fracture, n ¼ 1; lead over-sensing, n ¼ 1), whereas in the
other patient (1%) inappropriate shocks were caused by AF.
There was no difference in the occurrence of inappropriate
shocks between the history of AF and no history of AF groups
[2 of 29 patients (7%) vs. 1 of 51 patients (2%), P ¼ ns]
(Table 3).

Discussion

Our study shows that in primary prevention ICD patients,
patients with a history of AF are more likely to receive
appropriate shocks than patients with no history of AF.

AF and appropriate shocks

Two other studies have also shown an association between
AF and appropriate ICD interventions. Grönefeld et al.25

identified AF as an independent predictor of appropriate
ICD therapy in predominantly secondary prevention ICD
patients. Grimm et al.26 studied idiopathic dilated car-
diomyopathy patients who underwent ICD implantation.
During a mean follow-up of 36 months, 35% of the patients
experienced an appropriate ICD intervention (including anti-
tachycardia pacing). Multivariate Cox regression analysis
identified LVEF, history of sustained VTor VF, and AF as inde-
pendent predictors of appropriate interventions. We also
observed this association between AF and ICD shocks, but
in contrast to the above-mentioned studies, only in a
population without previous haemodynamically significant
ventricular tachyarrhythmias.

Stein et al.27 found a time relation between AF and ven-
tricular tachyarrhythmias in patients with an ICD. In this
study, 8.6% of all VT/VF episodes were preceded by paroxys-
mal atrial tachycardia or AF. The median duration of atrial
tachycardia or AF preceding VT or VF was approximately
1 h. In our study, taking into account the small number of
patients with a history of AF, appropriate shocks while in
AF occurred in only 2 of 10 patients. Although the numbers
are too small to draw any conclusions, it suggests that AF
is merely an epiphenomenon, being a marker of more
advanced disease, rather than the cause of the ventricular
arrhythmia.

It has been questioned whether AF influences survival in
patients with heart failure.10,13,15 Data suggest that
especially in moderate heart failure AF might be associated
with impaired prognosis.28 This idea is supported by our
finding that AF independently predicted the occurrence of
cardiovascular mortality and/or appropriate shocks. Our
study was too small to investigate whether the influence
of AF on outcome differed according to severity of heart

Table 4A Predictors of appropriate shocks

Univariate analysis Multivariate analysis

HR 95% CI P-value HR 95% CI P-value

History of AF 6.9 1.7–27.5 0.006 6.9 1.7–27.5 0.006

Table 4B Predictors of cardiovascular mortality and appropriate shocks

Univariate analysis Multivariate analysis

HR 95% CI P-value HR 95% CI P-value

History of AF 4.8 1.7–13.6 0.003 5.1 1.7–15.1 0.003
Tricuspid valve
regurgitation

4.6 1.5–14.7 0.009 4.9 1.5–16.1 0.009
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failure (i.e. lower ejection fraction or higher New York Heart
Association functional class).
A possible explanation for the association between AF and

appropriate shocks might be that AF and ventricular arrhyth-
mias have shared risk factors, such as ischaemia, increased
sympathetic tone, or increased left ventricular filling
pressure. Secondly, haemodynamic changes caused by AF
(e.g. decreased cardiac output) might affect ventricular
electrophysiological properties and therefore induce ventri-
cular arrhythmias.29 A third possibility is that the irregular
rhythm during AF leads to short-long-short sequences,
which can have a pro-arrhythmic effect.30 In the present
study, however, appropriate shocks while in AF occurred in
only two of 10 patients.

Study limitations

The retrospective observational design was a major limit-
ation of our study. Furthermore, it remains a problem to
classify shocks accurately as appropriate or inappropriate,
especially for patients with single-chamber ICDs. Because
patients with a history of AF were more likely to have single-
chamber ICDs, there may have been more false positive
events in the history of AF group. However, the ICD electro-
grams were examined carefully to determine appropriate-
ness of the ICD shocks and we did not encounter
ambiguous cases.
Over the broad period of enrolment in our study (2000–05),

indications for ICD implantation changed. The most dra-
matic change in indications took place after publication of
MADIT-II.6 After publication, indications for primary preven-
tion ICD therapy became more liberal and the presence of
non-sustained VTs became no longer an obligate criterion
in our centre. Therefore, in the present primary prevention
study, an increasing number of patients received an ICD
after publication of MADIT-II [70 patients (88%) after publi-
cation vs. 10 patients (13%) before publication]. However,
this change in indication did not influence outcome in our
study because the index arrhythmia (non-sustained VT or
no VT) was no predictor of cardiovascular mortality and/or
appropriate shocks.
Another limitation of our study was the modest population

size, which explains why Cox proportional hazard regression
analysis showed large confidence intervals. However, the
study group was relatively homogeneous, because we
included all consecutive primary prevention patients in our
centre, if they had ischaemic or non-ischaemic cardiomyo-
pathy and LVEF � 35%. Furthermore, even though the
history of AF and no history of AF groups were small, they
were well comparable. The short follow-up duration of the
study was also a limitation. On the whole, the retrospective
design, small patient numbers, and short follow-up preclude
definite conclusions.

Conclusion

Our study demonstrates that in primary prevention ICD
patients with left ventricular dysfunction, AF seems to be
a factor that contributes to the occurrence of appropriate
shocks and cardiovascular mortality. Although the reason
why AF plays a role is still unknown, it is intriguing to specu-
late on the possible role of AF in the selection of patients

qualifying for primary prevention ICD implantation. This
definitely warrants prospective studies.
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