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Background:Atrial tachyarrhythmias (AT/AF) have been associatedwith an increased risk ofmortality,morbidity
and ischemic stroke. Up to now, single chamber ICD diagnostics was not able to detect AT/AF, therefore the inci-
dence of new onset AT/AF in patients with single chamber ICD is not known.
Objective: To evaluate incidence and predictors of AT/AF occurrence in patients with dual-chamber ICD with no
pacing indications and no history of AT/AF that strictly mimic single chamber ICD recipient.
Methods & results: Consecutive dual-chamber ICD patients were prospectively followed by 47 Italian cardiologic
centers in an observational research. Clinical and device data were reviewed by expert cardiologists to assess
AT/AF occurrence. Multivariate regression analysis evaluated the risk of new-onset AT/AF and its association
with patients' baseline characteristics and with CHADS2 score.
428 (13.4% female, 64 years old) patients were followed for a median observation period of 31 months. AT/AF
episodes occurred in 160 (37.4%) patients when considering at least 5 min duration, in 95 (22.2%) for AT/AF
≥6 h, in 47 (11.0%) for AT/AF ≥1 day, in 29 (6.8%) for AT/AF ≥7 days. Patients with CHADS2 ≥ 2, who comprised
36% of the whole population, showed higher incidence of AT/AF ≥6 h compared with patients with CHADS2 b 2
(Hazard Ratio = 1.69, 95% Confidence Interval = 1.13–2.53, p = 0.011).
Conclusions: Our observations in a population of dual-chamber ICD patients with no pacing indications and no
history of AT/AF, who strictly mimic single–chamber ICD recipients, highlight that AT/AF episodes occurred in
the 37.5% of the population and CHADS2 score is predictive of new-onset AT/AF.

© 2016 Published by Elsevier Ireland Ltd.
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1. Introduction

Atrial fibrillation (AF) is associated with impaired quality of life and
substantial morbidity and mortality from stroke/thromboembolism or
heart failure (HF) [1–5]. In particular, AF is a major independent predic-
tor of ischemic stroke, resulting in a 5-fold increased risk [1]. Studies of
patients with cardiac implantable electronic devices (CIED) capable of
continuous rhythm monitoring owing to the atrial lead have shown
nce in single-chamber ICD patients? Insights from an observational
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that it is possible to measure incidence and new onset of atrial tachyar-
rhythmias (AT/AF) and to estimate the total time spent in AT/AF each
day, i.e. daily AT/AF burden. Although it is debated whether overall ar-
rhythmia burden (i.e. 6 min, 24 h) or the longest episode duration can
better predict stroke risk, precise AF assessment can significantly im-
prove patients management [6–11]. The incidence of new-onset AT/AF
in single chamber ICD recipients is technically hindered by the lack of
atrial sensing, apart devices with an atrial floating dipole on a single
lead and equipped with atrial diagnostics [12].

A new generation of single-chamber implantable defibrillators (ICD)
features a specific AT/AF diagnostics that is independent of atrial
sensing [13]. This diagnostics may be useful to identify patients at risk
of stroke and to optimize AT/AF management in terms of oral
anticoagulation (OAC), and rate-control or rhythm-control strategies.

We performed an observational research to find predictors of new-
onset AT/AF occurrence in a population of patients with dual-chamber
ICD featuring AT/AF diagnostics who perfectly mimicked patients suit-
able for single chamber ICD implantation, in order to identify those pa-
tients who would mostly benefit from a single chamber ICD capable of
AF detection.

2. Methods

2.1. Project design

Forty seven Italian cardiological centers performed a prospective
observational research on AT/AF occurrence in patients with a dual
chamber implantable cardiac defibrillator.

Data collection was performed in the framework of the
ClinicalService® project, a national cardiovascular data repository and
medical care project aiming at describing and improving the use of
Medtronic CIED in Italian clinical practice (http://clinicaltrials.gov/ct2/
show/NCT01007474).

Data collection, reporting and analysis was approved by the relevant
Institutional Review Boards and conforms to the ethical guidelines of
the 1975 Declaration of Helsinki as reflected in a priori approval by
the institution's human research committee. Each patient signed an in-
formed consent form for participation in the ClinicalService® project
and for follow-up through in-hospital visits [14].

2.2. Patient population

The patients included in this analysis represent a cohort from pa-
tients consecutively implanted with dual chamber ICDs between June
2005 and March 2013, selected to mimic as closely as possible a single
chamber ICD population based on absence of any indication to cardiac
stimulation, to resynchronization therapy, and without history of atrial
arrhythmias, in whom the only purpose of the atrial diagnostics was to
provide better arrhythmia discrimination compared to single chamber
ICDs. All these patients had a follow-up longer than 6 months.

2.3. Follow-up and data collection

The baseline assessment at ICD implantation included collection of
demographics information, medical history, data on cardiovascular
medication and 12-lead ECG. All patients were visited in Hospital
1month after the ICD implantation and then every 6months for the cus-
tomary device follow up. Clinical follow-ups occurred according to each
center practice.

2.4. Research objective and endpoint

Themain objective of our researchwas to evaluate new-onset AT/AF
occurrence andpredictors of AT/AF occurrence. Amongpatients' charac-
teristics we also considered the CHADS2 score [15–16].
Please cite this article as: M. Biffi, et al., Can we predict new AF occurre
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AT/AF occurrence was evaluated according to pre-specified daily
AT/AF burden duration cut-offs: AT/AF lasting longer than 5 min, 1 h,
6 h, 12 h, 1 day, 7 days, 30 days and 60 days. Most of these cut-offs
were identified on the basis of their proven association with stroke
risk [10–11,17–18].

2.5. Statistical analysis

Variables on a continuous scale have been described as mean, stan-
dard deviation (SD), or median and interquartile range (IQR) as appro-
priate. Variables on a categorical scale were presented as counts and
percentages. Summary statistics were reported with maximum 2
decimals.

Freedom from AF occurrence was studied by means of the Kaplan–
Meier method.

In order tofindpredictors of AT/AFdetection a Coxproportional haz-
ards model was performed and hazard ratios (HR) with 95% confidence
intervals (95% CI) were computed. A multivariate model was further
tested with the aim of detecting an independent set of predictors (the
backward stepwise rule was followed, considering in p = 0.1 and out
p = 0.05). In these analyses the 6-hour AT/AF daily burden cut-off
was chosen based on the low risk of thromboembolic events observed
in literature for patients with an average 2.2 CHADS2 score and b5.5 h
on any given day [16]. Indeed, stroke risk appears to be individually re-
lated both to CHADS2 score and to AT/AF burden [7]. In order to appro-
priately account for the possible association of AT/AF occurrence with
CHADS2 or its specific components, the Cox multivariate model was re-
peated twice, firstly considering the CHADS2 score and excluding its
components and secondly excluding the CHADS2 and including its
components.

Diagnostics capability in predicting AT/AFwas evaluated by estimat-
ing sensitivity, as the test's ability to correctly detect patients that will
have AT/AF during the follow-up, specificity, as the test's ability to cor-
rectly detect patients that will be free from AT/AF during the follow-
up, positive predictive value (PPV), as the probability that a patient
with a positive test will have AF, negative predictive value (NPV), as
the probability that a patient with a negative test will be free from AF,
and accuracy, as the proximity of measurement results to the true
value, measured as the sum of the probability that the test was positive
when patient had new onset AT/AF and the probability that the testwas
negative when the patient was free from new-onset AT/AF.

All testswere 2-sided and a 2-tailed P value 0.05was considered sta-
tistically significant.

SAS 9.3, SAS Institute Inc., Cary, NC, USA was used for statistical
analysis.

3. Results

A population of 428 dual-chamber ICD recipients without a history
of atrial arrhythmias prior to implantation, and who had no indication
to cardiac stimulation or to CRTwas extracted from the ClinicalService®
project out of 710 dual-chamber recipients enrolled in 47 Italian cardi-
ological centers.

The baseline clinical characteristics are shown in Table 1. In brief, the
mean age was 64 years, 13.4% of patients were female, 53.8% patients
suffered from hypertension, while 22.7% of patients had diabetes. This
population mimics closely the candidates to a single chamber ICD.

The distribution of patients as a function of stroke risk scores is also
shown in Table 1. Mean CHADS2 score was 1.4 ± 1.0.

3.1. New-onset AT/AF occurrence

During a mean follow-up period of 35 ± 21 months, new-onset
AT/AF was detected in 160 (37.4%) patients. The number (percentage)
of patients with AT/AF varied according to the considered AT/AF daily
burden cut-off, in particular it was 160 (37.4%) for AT/AF longer than
nce in single-chamber ICD patients? Insights from an observational
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Table 1
Baseline characteristics and medical history of patients.

Clinical characteristics TOTAL (n = 428)

Demographics
Age at first implant (yrs) 64 ± 12
Gender (male) 86.6%
Medical history
History of HF 37.3%
NYHA III or IV 14.4%
VT/VF 40.9%
Ischemic cardiopathy 66.5%
MI 60.2%
1st grade AV block 8.5%
QRS (ms) 101 ± 28
History of stroke/TIA 2.0%
Valvular disease 7.5%
Hypertension 53.8%
Diabetes 22.7%
CHADS2 Risk Score 1.4 ± 1.0

CHADS2 Risk Score - 0 32.5%
CHADS2 Risk Score - 1 31.5%
CHADS2 Risk Score - 2 24.5%
CHADS2 Risk Score ≥ 3 11.4%

Chronic Kidney Disease 8.4%
Echo at baseline
LVEF (%), mean ± SD 35 ± 12
LVEDV (ml), mean ± SD 156 ± 56
LVESV (ml), mean ± SD 102 ± 46
Medication at baseline
Beta-blocker 79.0%
Diuretic 66.3%
Anti-platelet 61.1%
OAC 12.4%
Amiodarone 24.2%
Other AAD 26.8%
ACE-inhibitor/ARB2 70.3%
Digitalis 7.2%
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5 min, 133 (31.1%) for AT/AF longer than 1 h, 95 (22.2%) for AT/AF lon-
ger than 6 h, 69 (16.1%) for AT/AF longer than 12 h, 47 (11.0%) for AT/AF
longer than 1 day, 29 (6.8%) for AT/AF longer than 7 days, 18 (4.2%) for
AT/AF longer than 30 days, and 15 (3.5%) for AT/AF longer than 60 days.
Among the 154 patients with CHADS2 ≥ 2, AT/AF longer than 5min was
found in 66 (42.9%) patients, AT/AF longer than 1 h in 60 (39%), AT/AF
longer than 6 h in 45 (29.2%), AT/AF longer than 12 h in 34 (22.1%),
AT/AF longer than 1 day in 21 (13.6%), AT/AF longer than 7 day in 14
(9.1%), AT/AF longer than 30 days in 7 (4.5%), and AT/AF longer than
60 days in 6 (3.9%). Fig. 1 and Table 2 show the incidence of new-
onset AT/AF as a function of AT/AF daily burden cut-offs in the entire
Fig. 1. Incidence of new-onset AT/AF for 8 AT/AF duration cut-offs:

Please cite this article as: M. Biffi, et al., Can we predict new AF occurre
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population and in patients with CHADS2 ≥ 2, respectively in panel A
and in panel B.

3.2. Prediction of new onset AT/AF

The univariate and multivariate association between new-onset
AT/AF (AT/AF daily burden longer than 6 h) and patients' characteristics
is shown in Table 3. Variables associated with new-onset AT/AF on uni-
variate analysis were: Age N 65, History of HF, Hypertension, CHADS2
Risk Score ≥ 2, CHADS2 Risk Score ≥ 3 and use of diuretics. Multivariate
model analysis confirmed CHADS2 Risk Score ≥ 2 as independent predic-
tors of new onset of AT/AF.

3.3. CHADS2 diagnostic capability

The diagnostic capability of CHADS2 ≥ 2 and in predicting new-onset
AT/AF of given daily AT/AF burden cut-offs (5 min, 1 h, 6 h and 1 day)
are described in Table 4 In particular, the sensitivity value to predict at
least 6 h of new AT/AF is 47.7%, the specificity is 67.3%, and the negative
predicting value is 81.8%.

4. Discussion

The main results of our observational research are: 1) AT/AF is fre-
quent in recipients of a dual-chamber ICD whose clinical profile is sim-
ilar to single chamber ICD recipients, 2) CHADS2 score may be used to
predict a high probability of new-onset AT/AF.

4.1. Atrial tachyarrhythmias in ICD patients

The prevalence of AT/AF in ICD recipients ranges between 11 and
45%, depending on the patient's clinical profile, on follow up duration,
and on the implanted diagnostic technology [19–22]. In fact, AT/AF are
increasingly detected with longer follow up durations with prevalence
being N30% at 24 months [20,22]. Similarly, the severity of the clinical
profile is associated with an increased AF prevalence, renal impairment
being the strongest predictor of new-onset AF inHeart Failure ICD recip-
ients [22]. In ametanalysis reported by Khoo and colleagues [23] AFwas
detected in 10–60% pacemaker and ICD patients. In our observation,
N16% had an AF episode longer than 12 h and the prevalence of AT/AF
lasting ≤24 h had a steady increase at long term, whereas long-lasting
or persistent AT/AF seemed to reach a rather early ceiling (Fig. 1); we
believe that this behavior of arrhythmia duration should be confirmed
on a broader patient population for consistency.
Panel A. Overall population Panel B. Patients with CHADS2 ≥ 2.

nce in single-chamber ICD patients? Insights from an observational
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Table 2
Incidence of AF lasting N5 min, 6 h, 12 h, 1 day and 7 days in overall population and in the patients with CHADS2 ≥ 2.

Observation
period

5 min AF, Incidence of
event (%) (95% CI)

6 h AF, incidence of
event (%) (95% CI)

12 h AF, incidence of
event (%) (95% CI)

1 day AF, incidence of
event (%) (95% CI)

7 days AF, incidence of
event (%) (95% CI)

Overall population 12 21.3% (17.7%–25.6%) 12.1% (9.3%–15.6%) 8.3% (6.0%–11.4%) 5.2% (3.5%–7.8%) 2.9% (1.6%–5.0%)
24 30.4% (26.0%–35.4%) 17.2% (13.8%–21.4%) 13.5% (10.4%–17.5%) 9.4% (6.8%–12.9%) 6.1% (4.0%–9.1%)
36 36.4% (31.4%–41.9%) 22.6% (18.4%–27.5%) 16.4% (12.8%–20.9%) 11.0% (8.1%–14.9%) 7.4% (5.0%–10.9%)
48 47.1% (41.0%–53.7%) 27.9% (22.9%–33.8%) 20.8% (16.3%–26.2%) 13.6% (10.0%–18.3%) 8.0% (5.4%–11.8%)

Patients with CHADS2 ≥ 2 12 25.0% (18.9%–32.7%) 14.4% (9.7%–21.1%) 11.2% (7.1%–17.5%) 5.2% (2.6%–10.1%) 3.2% (1.4%–7.6%)
24 34.7% (27.3%–43.5%) 21.6% (15.5%–29.6%) 17.5% (12.0%–25.1%) 12.3% (7.6%–19.4%) 7.6% (4.1%–13.7%)
36 39.5% (31.4%–48.8%) 29.7% (22.1%–39.1%) 24.5% (17.5%–33.6%) 14.7% (9.4%–22.7%) 10.1% (5.7%–17.4%)
48 52.9% (42.7%–63.9%) 34.3% (25.8%–44.6%) 26.0% (18.7%–35.6%) 14.7% (9.4%–22.7%) 10.1% (5.7%–17.4%)
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Indeed, it is not clear what should be the recommended arrhythmia
burden or maximum duration to warrant anticoagulation therapy in
moderate-risk patients, based on evidence by literature [6–7,11,17].
AT/AF detection has clinical value, but is only feasible with a dual
chamber diagnostic at the risk of atrial lead-related adverse events in
current clinical practice, save for single lead ICDs equipped with atrial
diagnostics [13].

The need to benefit from AT/AF detection without the complexity
dictated by the atrial lead and by dual chamber diagnostics has
prompted the development of a single chamber ICD with an algorithm
for AT/AF detection based on the pattern of R-wave interval variability
plotted in a Lorenz diagram [13].
4.2. Clinical implications

AT/AF detection has several clinical implications. In the MOST trial
sub analysis, Glotzer et al. [10] reported that AT/AF longer than 5 min
in sinus node disease patients identify those with a more than doubled
mortality or stroke occurrence. In the Italian AT500 Registry, Capucci
et al. [11] showed that AT/AF episodes longer than 24 hwere associated
with a threefold increased stroke rate. While these data relate to
Table 3
Univariate andmultivariate Cox regression for AT/AF occurrence (daily AT/AF burden lon-
ger than 6 h).

Variable Hazard ratio (HR) Low 95% CI High 95% CI p-Value

Age N 65 2.10 1.35 3.26 b0.001
Women 0.66 0.32 1.36 0.258
History of HF 1.54 1.01 2.33 0.043
NYHA III or IV 1.70 0.98 2.94 0.058
VT/VF 1.06 0.70 1.60 0.787
Ischemic cardiopathy 0.84 0.55 1.28 0.420
MI 0.84 0.55 1.27 0.402
1st grade AV block 1.33 0.67 2.66 0.413
SND 1.68 0.91 3.08 0.097
QRS (ms) 1.00 0.99 1.01 0.520
History of stroke/TIA 0.69 0.10 4.95 0.711
Valvular disease 0.38 0.12 1.20 0.099
Hypertension 1.76 1.10 2.83 0.019
CHADS2 Risk Score ≥ 3 2.22 1.34 3.69 0.002
CHADS2 Risk Score ≥ 2 1.69 1.13 2.53 0.011
Diabetes 1.07 0.62 1.82 0.813
Chronic kidney disease 1.16 0.50 2.68 0.731
LVEF N 35% 1.03 0.61 1.76 0.903
Beta-blocker 0.82 0.48 1.41 0.477
Diuretic 2.08 1.18 3.67 0.011
Anti-platelet 0.95 0.60 1.51 0.826
OAC 1.77 0.99 3.16 0.055
Amiodarone 1.37 0.84 2.24 0.207
Other AAD 1.21 0.75 1.96 0.439
ACE-inhibitor/ARB2 0.88 0.54 1.42 0.592
Digitalis 1.48 0.68 3.23 0.321
Multivariate Cox regression for AT/AF occurrence
CHADS2 Risk Score ≥ 2 1.82 1.10 3.02 0.020

Please cite this article as: M. Biffi, et al., Can we predict new AF occurre
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pacemaker recipients, the evidence in ICD recipients is unclear. In our
population, 37% of patients had at least 5 min of AT/AF and 11% had at
least 1 day of AT/AF. These results show that many dual chamber ICD
recipients, with features that mimic single chamber ICD patients, are
at risk of embolism. This raises the question about decision making for
anticoagulation, given the debatable role of AF as causative or marker
of stroke occurrence [7]. Indeed, AF duration is extremely important
when assessing stroke occurrence in moderate risk patients with
CHADS2 score ≤ 2 [7], that reflects the typical single chamber ICD popu-
lation like ours (Table 1).
4.3. CHADS2 score as a predictor of AT/AF

The CHADS2 - calculated as a weighted sum of individual risk factors
for stroke, including heart failure, hypertension, age ≥75 years, diabetes
mellitus, and previous stroke or transient ischemic attack – have been
proposed as a clinical tool used for the risk stratification of stroke in
the presence of AF [15–16]. Since early detection of AF is important to
reduce stroke risk, the use of CHADS2 score has been tested for the pre-
diction of AF risk, with conflicting results [24–32].

In our population CHADS2 score independently predicted new-onset
AT/AF occurrence in patients without atrial arrhythmias history or pac-
ing/resynchronization therapy indications. As expected, all AT/AF pre-
dictors detected at univariate analysis are included into the CHADS2
score.

In 2015 a meta-analysis of observational studies has reported a pos-
sible association between CHADS2 score and risk of AF [31]. Using
Table 4
Sensitivity, specificity, positive predictive value (VP (+)), negative predictive value
(VP(−)) of CHADS2 ≥ 2 in detecting new-onset AT/AF of given daily AT/AF burden cut-offs
(5 min, 1 h, 6 h and 1 day).

CHADS2 ≥ 2

5 min AF per day Sensitivity 41.3%
Specificity 67.2%
VP(+) 42.9%
VP(−) 65.7%
Accuracy 57.5%

1 h AF per day Sensitivity 45.1%
Specificity 68.1%
VP(+) 39.0%
VP(−) 73.4%
Accuracy 61.0%

6 h AF per day Sensitivity 47.4%
Specificity 67.3%
VP(+) 29.2%
VP(−) 81.8%
Accuracy 62.9%

1 day AF Sensitivity 44.7%
Specificity 65.1%
VP(+) 13.6%
VP(−) 90.5%
Accuracy 62.9%

nce in single-chamber ICD patients? Insights from an observational
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Fig. 2. Proposal of selection of implantable cardiac defibrillation systems for patients indicated to ICD therapy.
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PubMed and EMBASE database, the authors found 19 studies that eval-
uated the association between CHADS2 score and the risk of AF in a total
of 714,672 patients. Of the 19 selected studies, 16 demonstrated that a
higher CHADS2 score is associated with either the risk of new-onset
AF or AF recurrence, while 3 studies showed no significant association
between CHADS2 score and risk of AF at multivariate analysis. The
meta-analysis showed that CHADS2 scorewas an independent predictor
of AF as both a continuous variable (odds ratio 1.43, 95% confidence in-
terval 1.10 to 1.86, p=0.007) and categorical variable (odds ratio 3.37,
95% confidence interval 2.65 to 4.28, p b 0.00001).

In theMADIT CRT trial, LBBB patientswith a history of AT had amore
severe clinical profile clearly indicating a higher CHADS2/CHA2DS2-Vasc
score (older age, more severe HF, renal impairment and history of vas-
cular disease) compared to patients without AT/AF [19].

Our study demonstrated that CHADS2 score ≥ 2 is the only predictor
of AT/AF detection, whose early management may affect systemic em-
bolism occurrence according to the individual risk profile as dictated
by CHADS2 and CHA2DS2-Vasc scores [7,11,16–17,19–20]. Interestingly,
a high CHADS2 score in the absence of a history of AT/AF was associated
to an increased risk of ischemic stroke in the Heart and Soul Study [31],
thus highlighting the need of a deeper comprehension of AT/AF either as
a pathophysiologic background of stroke or simply as amarker of stroke
risk in patients with atherosclerotic heart disease. In our population one
third of patients with AF had CHADS2 risk ≥2 with important implica-
tions for a preventative strategy. In this perspective, AT/AF detection
by a single chamber device in a remotemonitoring settingwould be ex-
tremely important to address the stroke prevention issue in the low-to-
moderate risk population.

4.4. Clinical perspectives

At the best of our knowledge our data provide new insight on
the association between CHADS2 score and AT/AF occurrence in ICD
recipients.

Medical knowledge on the possibility to identify patients at higher
risk of AT/AF allows to improve patient care in terms of stroke preven-
tion. Considering our results we suggest the flow chart reported in
Fig. 2 for choosing an ICD at the individual level.

5. Limitations

This is a multi-centre observational study, with a potential bias in
patient selection, patient treatment and device programming and the
lack of a control group. Nevertheless, possible biases are mitigated by
the fact that patients were implanted consecutively, datawere collected
prospectively, the analysis was designed before the datasetwas opened,
and research endpoints were pre-specified.
Please cite this article as: M. Biffi, et al., Can we predict new AF occurre
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6. Conclusions

In a population of dual-chamber ICD patients with no pacing indica-
tions and no history of AT/AF, who strictly mimic single–chamber ICD
recipients, AT/AF episodes occurred in the 37.5% of the population and
CHADS2 score is predictive of new-onset AT/AF. Our observations sup-
port the use of single chamber devices with AF diagnostic capabilities
in ICD candidates with a CHADS2 score ≥ 2 with a view to timely detec-
tion of new-onset AT/AF that might prompt a stroke-preventative
strategy.
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