Usefulness of Continuous Electrocardiographic Monitoring for
Atrial Fibrillation
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The problem of early recognition of atrial fibrillation (AF) is greatly aggravated by the
often silent nature of the rhythm disturbance. In about 1/3 of patients with this
arrhythmia, patients are not aware of the so-called asymptomatic AF. In the past 15
years, the diagnostic data provided by implanted pacemakers and defibrillators have
dramatically increased knowledge about silent AF. The unreliability of symptoms to
estimate AF burden and to identify patients with and without AF has been pointed out
not only by pacemaker trials but also in patients without implanted devices. The
technology for continuous monitoring of AF has been largely validated. It is a powerful
tool to detect silent paroxysmal AF in patients without previously documented arrhythmic episodes, such as those with cryptogenic stroke or other risk factors. Early
diagnosis triggers earlier treatment for primary or secondary stroke prevention. Today,
new devices are also available for pure electrocardiographic monitoring, implanted
subcutaneously using a minimally invasive technique. In conclusion, this recent and
promising technology adds relevant clinical and scientific information to improve risk
stratification for stroke and may play an important role in testing and tailoring the
therapies for rhythm and rate control. © 2012 Published by Elsevier Inc. (Am J
Cardiol 2012;110:270 –276)

The gold standard for diagnosing atrial fibrillation
(AF) is the visual inspection of the electrocardiogram. An
irregular pulse may raise suspicion for AF, but an electrocardiogram is necessary to diagnose AF.1,2 The problem of early recognition of AF is greatly aggravated by
the often silent nature of the rhythm disturbance.3 In
about 1/3 of patients with this arrhythmia, patients are not
aware of the so-called asymptomatic AF. Much earlier
detection of the arrhythmia might allow the timely introduction of therapies to protect patients not only from the
consequences of the arrhythmia but also from progression of AF from an easily treated condition to an utterly
refractory problem. Not surprisingly, silent AF is associated with at least the same risk for stroke as is symptomatic AF.4 Patients with symptomatic AF are much
more likely to be diagnosed early on and treated with
stroke prevention therapy. Despite clinical evidence and
guidelines,1,2 many reports from the United States and
Europe have shown that only 25% to 50% of patients
with AF and thromboembolic risk factors are offered
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antithrombotic therapies, and those who do receive therapy often discontinue it within months or do not achieve
the target range of international normalized ratio values.5,6 With the advent of modern technologies in implantable cardiac devices, there is an opportunity to detect AF onset and accurately measure AF duration,
frequency, burden, and ventricular rate. The availability
of these new tools will open new frontiers in the scientific
and clinical knowledge of AF and might have a relevant
impact on patient management and risk stratification for
stroke.
Limited Value of Symptoms and Intermittent
Electrocardiographic Monitoring for Atrial
Fibrillation Detection and Burden Assessment
The silent form of AF is noticed incidentally through a
wide variety of methods, including routine physical examinations, office electrocardiography, preoperative assessments, or population surveys. In some cases, asymptomatic
AF is revealed only after complications such as stroke or
congestive heart failure have occurred.3
Many trials have confirmed that most paroxysmal AF
(PAF) episodes are asymptomatic, many patients are completely asymptomatic, and electrocardiographic (ECG)
monitoring with Holter devices has limited sensitivity.7–18
The advent of the technology for continuous AF monitoring
made possible to rigorously define the AF burden as the
measured percentage of time spent in AF during the follow-up period. Similarly, it was possible to rigorously define the daily AF burden as the total amount of time spent in
AF each day of the follow-up period. AF burden is a
parameter that takes into account the frequency and duration
of AF episodes during the overall follow-up period, and
www.ajconline.org
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Figure 1. Example of Cardiac Compass (Medtronic, Inc., Minneapolis, Minnesota) in a patient with sporadic and asymptomatic episodes of PAF. The
electrocardiogram (ECG) shows the cardiac rhythm during the longest episode stored by the device, confirming AF. The chance of detecting these episodes
through standard Holter recording would be very low. The trend of the daily AF burden is a simple and efficient tool: it shows how long the AF episodes
last and how frequently they occur. In addition, an ECG is available to validate the cardiac rhythm.

Table 1
Symptoms and ambulatory electrocardiographic monitoring versus continuous monitoring (studies including ⬎40 patients)
Study

Device (n)

Sinus Rhythm, AT, AF

19

Defaye et al

DDD (354)

Glotzer et al16

DDD (312)

Israel et al17

DDD (110)

Ziegler et al7

DDD (574)

Israel et al20

DDD (254)

Hanke et al15

ICM (45)

Botto et al12

DDD (568)

Quirino et al14
Ziegler et al21

DDD (102)
DDD (163)

Pokushalov et al18

ICM (129)

SV arrhythmias were detected in 179 patients (50.6%), 104 of whom (65%) were asymptomatic and 117 of
whom (65%) had no previous documentation.
When symptoms were assessed as an indicator of AT/AF, their sensitivity was 82.4%, but their specificity
was 38.3%, with a PPV of 58.7%.
AF was documented in 51 patients (46%) by ECG recording and in 97 patients (88%) by a review of
stored electrograms. AF duration ⬎48 hours was totally asymptomatic in a significant proportion of
patients.
Intermittent (annual, quarterly, monthly 24-hour Holter; 7- and 30-day annual long-term recordings)
monitoring/symptoms was highly inaccurate for identifying patients with any AT/AF.
Symptoms were absent in 108 of 137 patients (79%) with device-documented AT but present in 70 of 117
patients (60%) without AT documentation.
Sinus rhythm was documented in 53 readings of 24-hour Holter monitoring but in only 34 of these
instances by the implanted device, reflecting a 24-hour Holter sensitivity of 0.60 and an NPV of 0.64.
The sensitivity for detecting AF episodes lasting ⱖ5 minutes was 44.4%, 50.4%, and 65.1% for 24-hour
Holter, 1-week Holter, and 1-month Holter monitoring vs continuous monitoring.
The sensitivity and PPV of symptoms to detect AF episodes were 19% and 21%.
Newly detected episodes of AT/AF were found on continuous monitoring in 28% of patients without
previous documentation.
After ablation, only 32% of the symptomatic episodes corresponded to genuine AF episodes.

AT ⫽ atrial tachycardia; ICM ⫽ subcutaneous insertable cardiac monitor; NPV ⫽ negative predictive value; PPV ⫽ positive predictive value; SV ⫽
supraventricular.

daily AF burden is an estimate of the overall duration of AF
episodes in each day. The trend of daily AF burden during
the follow-up period is an easy and efficient way to show
the presence and evolution of the disease. Moreover, it
provides relevant information about the duration of recurrences (Figure 1).
The Suppression of Paroxysmal Atrial Tachyarrhythmias
(SOPAT) trial8 showed that only 6,165 of 188,634 telephonic electrocardiograms (46%) recorded during the
1-year follow-up period were associated with specific symptoms. The remaining 54% were asymptomatic AF episodes.
Similarly, the Prevention of Atrial Fibrillation After Car-

dioversion (PAFAC) trial9 collected 191,103 recordings using daily telephonic ECG monitoring; 70% of all AF recurrences occurred completely asymptomatically.
Arya et al13 used 7-day Holter recordings before ablation
and documented AF in 92 of 114 patients (81%). All episodes
were symptomatic in 35 patients (38%). In 52 patients (57%),
symptomatic and asymptomatic episodes were recorded,
whereas in 5 patients (5%), all documented AF episodes were
asymptomatic. After ablation, the percentage of patients with
only asymptomatic AF recurrences increased to 37%.
Senatore et al11 showed that the absence of symptoms
should not be interpreted as the absence of AF, because 50%
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Figure 2. Examples of Lorentz plots with AF and sinus rhythm. The Lorentz plot is a graphic representation of the beat-to-beat variations of the cardiac cycles.
Each dot in the plane corresponds to a couple of consecutive differences in cardiac cycles. Because AF is characterized by a higher cycle-to-cycle variability
compared to sinus rhythm, the dots in the plane are significantly more scattered in the presence of AF. The current generation of implantable cardiac monitors
uses a 2-minute time window to collect sufficient cardiac cycles for the analysis and rhythm classification.

of patients were asymptomatic during ⱖ1 AF episode after
ablation, as detected by telephonic ECG transmission.
Ziegler et al7 compared continuous monitoring with different strategies of intermittent ECG monitoring in pacemaker patients. All intermittent and symptom-based monitoring resulted in significantly lower sensitivity (range 31%
to 71%) and negative predictive value (range 21% to 39%)
for the identification of patients with AF and underestimated
AF burden. These results were also confirmed by Botto et
al12 in a similar patient population. In patients submitted to
ablation and not implanted with monitoring devices, Arya
et al13 showed that greater monitoring results in greater
sensitivity for AF detection and burden estimation.
In pacemaker patients, Quirino et al14 showed that the
sensitivity and positive predictive value of symptoms to
identify AF episodes were 19% and 21%, respectively.
Hanke et al15 used implantable subcutaneous cardiac monitors in patients submitted to surgical AF ablation and
showed that sinus rhythm was documented in 53 readings of
24-hour Holter recordings but in only 34 of these instances
by the implanted monitor in the time period before 24-hour
Holter readings (64%), reflecting a 24-hour Holter sensitivity of 60% and a negative predictive value of only 64% for
detecting AF recurrence.
In a subanalysis of the Mode Selection Trial (MOST)
conducted in pacemaker patients, Glotzer et al16 showed
that when symptoms are assessed as an indicator of atrial
arrhythmias, their sensitivity to identify patients with the
arrhythmia is 82.4%, but their specificity is only 38.3%,
with a positive predictive value of 58.7%, making symptoms useless for risk stratification and burden assessment.

Israel et al17 showed in pacemaker patients that AF was
documented in 46% by office ECG recording compared to
88% by a review of the electrograms automatically stored
by the implanted device. In addition, device interrogation
revealed AF recurrences lasting ⬎48 hours in 50 patients,
19 of whom (38%) were completely asymptomatic and in
sinus rhythm at subsequent follow-up.
Pokushalov et al18 collected data on AF recurrences after
ablation. Only 32% of electrocardiograms stored during
symptomatic events corresponded to genuine AF; 39% were
sinus rhythm, 19% sinus rhythm with some premature contractions, 6% sinus bradycardia, and 4% sinus tachycardia.
Table 17,12,14 –21 shows the low reliability of symptoms and
ambulatory methods for monitoring AF compared with continuous monitoring through implantable devices.
Evolution in the Technology of Continuous Atrial
Fibrillation Monitoring
Dual-mode, dual-pacing, dual-sensing DDD devices:
Several algorithms have been studied and tested to define
the optimal method for AF detection. Several trials have
been conducted to validate the diagnostic and monitoring
features in implantable DDD pacemakers and implantable
cardioverter-defibrillators.16,19,22–28
Pollak et al23 showed that by minimizing the risk for
detecting artifacts caused by myopotentials or other sources
of electrical interference, the detection of atrial tachyarrhythmia episodes lasting ⱖ5 minutes correlated well with
a proved diagnosis of AF.
Many clinical studies have been conducted using
the diagnostic features of implanted DDD pacemakers
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Table 2
Validation of atrial fibrillation monitoring features in implantable devices (studies including ⬎40 patients)
Study

Device (n)

Setting

Defaye et al19

Chorus (617)

ED ⱖ1 minute

Swerdlow et al22

Jewel AF (80)

ED ⱖ32 VCs

Pollak et al23

Thera (56)

AR ⱖ150 beats/min

Glotzer et al16

DDD PMs (312)

AR ⱖ220 beats/min

Purerfellner et al24

AT500 (409)

ED ⱖ24 VCs

Hoffmann et al25

Selection (98)

AR ⱖ200 beats/min, ED ⱖ6 VCs

Pérez et al26

Selection (282)

Nowak et al27

Pulsar M (351)

AR ⱖ200 beats/min, ED ⱖ10
VCs
AR ⱖ170 beats/min, ED ⱖ4 VCs

Martinek et al28

AT500 (41)

AC ⬍360 ms, ED ⱖ24 VCs

Hanke et al15

Reveal XT (45)

2-minute Lorentz plot

Hindricks et al41

Reveal XT (247)

2-minute Lorentz plot

Major Findings
93.8% sensitivity, 94.2% specificity for AF
episode detection
100% sensitivity, 99% specificity for AT/
AF episode detection
ED ⱖ5 minutes had 88% correlation with
true AF/AT episodes
ED ⱖ5 minutes had 100% sensitivity and
97% specificity for AF detection
100% of the sustained atrial arrhythmia
episodes detected
Detailed analysis of rate and rhythm
changes before AF onset
Time to the first AF recurrence was not a
surrogate of AF burden
Therapeutic decisions based on validated
stored electrograms
Continuous monitoring was significantly
more sensitive than follow-up
Continuous monitoring was superior to any
conventional strategy
Overall accuracy of Reveal XT for
detecting AF was 98.5%

AC ⫽ atrial cycle; AR ⫽ atrial rate; AT ⫽ atrial tachycardia; ED ⫽ episode duration; PM ⫽ pacemaker; VC ⫽ ventricular cycle.

or implantable cardioverter-defibrillators to measure
AF burden and compare different therapeutic strategies.25–26,29 –36 Pacing algorithms for AF prevention have
been studied using the diagnostic features of the implanted device itself.25–26,29 –33 In a similar way, AF
diagnostics were used to monitor AF burden in patients
treated with algorithms to minimize ventricular pacing.34
Other studies were conducted in implanted patients to
compare antiarrhythmic drug therapies35 in patients with
PAF, through the diagnostic features of the devices.
In patients with heart failure implanted with cardiac
resynchronization therapy devices, AF diagnostics have
been largely used to detect new-onset AF and its
progression.36 –39
Subcutaneous electrocardiographic monitors: With
the advent of implantable loop recorders, a new method for
detecting AF has been developed. Unlike DDD pacemakers
and implantable cardioverter-defibrillators, these subcutaneous devices cannot sense endocardial atrial activity, and an
analysis of consecutive RR intervals is used for the diagnosis of AF. The irregularity of the RR interval is now a
proved parameter for AF detection,40 and the mathematical
tool for the assessment is the so-called Lorentz plot (Figure
2). In a Lorenz plot, each RR interval is plotted against the
previous value of the RR interval, and this can be displayed
graphically and used to discriminate between AF and sinus
rhythm. A recent validation study, the Reveal XT Performance Trial (XPECT),41 showed that a subcutaneous monitoring device equipped with an algorithm for AF detection
can accurately measure AF burden (98.5%) and is very
sensitive (96.4%) to identify patients with AF, independently of symptoms. The device automatically stores a
2-minute ECG strip corresponding to each of the 3 most

recent episodes, thus allowing visual inspection and confirmation by the physician.
In the field of AF ablation, subcutaneous monitoring has
recently been used to monitor patients after the procedure
and elucidate the impact of ablation on arrhythmia recurrences.18,42 This method has been very useful to collect
day-by-day data independently of patient compliance and
independently of symptomatic events. Table 2 summarizes
the most important technical and scientific advances on AF
diagnostics using implantable devices.
Continuous Atrial Fibrillation Monitoring and Risk
Stratification for Stroke
Continuous monitoring is already used in ongoing trials
in patients with cryptogenic stroke43 to identify those with
silent PAF and drive the most appropriate antithrombotic
therapy. About 20% to 30% of patients hospitalized for
ischemic stroke or transient ischemic attack are discharged
with the diagnosis of cryptogenic stroke,44,45 that is, without
a defined cause of the clinical event. Jabaudon et al45
showed that more intensive ECG monitoring leads to the
detection of more patients with AF among those in sinus
rhythm hospitalized for stroke.
Recently, data from a large-scale pacemaker trial,
Asymptomatic Atrial Fibrillation and Stroke Evaluation in
Pacemaker Patients and the Atrial Fibrillation Reduction
Atrial Pacing Trial (ASSERT),46 have been published. Patients were classified with and without AF through the
diagnostics of the implanted DDD pacemakers. Patients
were defined as free of AF if they did not have any AF
episodes lasting ⬎6 minutes. At 3 months, 10% of ASSERT
patients had ⱖ1 AF episode lasting ⬎6 minutes. AF, as
detected by the implanted device, was associated with a
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Table 3
Atrial fibrillation detected by dual-chamber devices and risk for stroke
Study

n (Patient Population)

Glotzer et al16

312 (SSS)

Capucci et al35

725 (history of PAF)

Botto et al12

568 (history of PAF)

Glotzer et al48

2,486 (ⱖ1 RFS)

Ziegler et al21

163 (PS, no history of PAF)

Boriani et al50

568 (history of PAF)

Healey et al46

2580 (age ⱖ65 years, HTN, no history of PAF)

Shanmugam et al49

560 (CRT)

Major Findings
AHRE identified patients that are ⬎2 times as likely to die or have
a stroke and 6 times as likely to develop AF as those without
AHRE (median FU 27 months).
The risk for embolism was 3.1 times increased in patients with
device-detected AT/AF episodes lasting ⬎24 hours (median FU
22 months).
Risk stratification can be improved by combining CHADS2 score
with data on AF presence and duration (1-year FU).
Daily AF burden ⱖ5.5 hours on any of 30 previous days appeared
to double the risk for stroke (mean FU 1.4 years).
Newly detected episodes of AF were found via continuous
monitoring in 28% of patients with previous stroke (mean FU
1.1 years).
The combination of data on AF burden with CHADS2 or
CHA2DS2VASc score improved risk stratification for stroke (1year FU).
Device-detected atrial tachyarrhythmias were associated with a 2.5fold increased risk for ischemic stroke or systemic embolism
(mean FU 2.5 years).
In a cohort of heart failure patients, daily AF burden ⬎3.8 hours
over 24 hours was associated with a significant increase in the
event rate (median FU 370 days).

AHRE ⫽ atrial high-rate episodes; AT ⫽ atrial tachycardia; CRT ⫽ cardiac resynchronization therapy; FU ⫽ follow-up; HTN ⫽ hypertension; RFS ⫽
risk factors for stroke; SSS ⫽ sick sinus syndrome; PS ⫽ previous stroke.

2.5-fold increase in the risk for ischemic stroke and systemic embolism, confirming the clinical value of the diagnostics of implantable devices.
Interesting reports have been published on the clinical
value of AF burden as accurately measured by implantable
devices. Glotzer et al16 showed that patients with atrial
arrhythmias (defined as atrial arrhythmias lasting ⬎5 minutes) had a 5.93 greater chance of developing clinical AF
and a 2.79 greater risk for stroke or death. Capucci et al47
showed that the risk for embolism, adjusted for known risk
factors, was 3.1 times increased in patients with devicedetected AF episodes ⬎1 day during follow-up. The latter
supports the hypothesis that not all PAF episodes are the
same and that AF duration is probably an important clinical
parameter when measured using a reliable technique. Botto
et al12 first showed that those patients with histories of PAF,
but without any arrhythmias during 1-year follow-up, had a
low risk for stroke: 0.6% (CHADS2 scores of 0, 1, and 2).
In contrast, those patients with AF recurrence had risk that
depended on the duration of the AF episodes combined with
the risk factors as summarized by the CHADS2 score. However, the investigators did not try to identify a threshold AF
duration to define when AF is potentially dangerous. The
previously mentioned studies12,16,46,47 classified patients
with AF if they had AF episodes lasting ⬎5 or 6 minutes or
daily AF burden ⬎5 minutes. Patients with shorter AF
episodes were classified as free of AF. Thus, they showed
that episodes ⬍5 minutes may not have a significant impact
on the risk for stroke. In contrast, these studies did not try to
establish a cut-off episode duration to discriminate between
clinically relevant and nonrelevant episodes. This was attempted by Glotzer et al48 in the Relationship Between
Daily Atrial Tachy-Arrhythmia Burden from Implantable

Device Diagnostics and Stroke Risk (TRENDS) trial: the
median daily AF burden was 5.5 hours in 1 of the 30 days
preceding a stroke or transient ischemic attack. When the
daily burden was ⬎5.5 hours, the patient had a 2.4 greater
risk for stroke compared to patients with lower daily burdens. A similar data analysis performed in a cohort of
patients with heart failure, showed that device-detected
atrial arrhythmias were associated with an increased incidence of thromboembolic events.49 A cut-off point of 3.8
hours over 24 hours was associated with a significant increase in the event rate. Finally, Boriani et al50 showed that
adding data of daily AF burden can improve risk stratification for stroke when the CHADS2 score or CHA2DS2VASc
score is used. For the CHADS2 score, the data on AF burden
improve the balance between sensitivity and specificity. For
the CHA2DS2VASc score, the data on AF burden increase
specificity. Table 3 lists the most relevant data on risk
stratification for stroke through implantable devices.
Clinical Perspective
Continuous monitoring is a powerful tool to detect silent
PAF in patients without previously documented arrhythmic
episodes, such as those with cryptogenic stroke or other risk
factors. Early diagnosis would trigger early treatment for
primary or secondary stroke prevention.
In clinical practice, there are several categories of patients at risk for silent PAF The major risk factors are
hypertension, age, elevated body mass index, diabetes mellitus, cigarette smoking, and previous cardiac disease.1,2
At very high risk are patients with chronic kidney disease
who share several common risk factors among those for AF,
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such as hypertension, diabetes, previous cardiac disease,
obesity, and metabolic syndrome.
AF monitoring may be attractive also in patients with
documented histories of PAF treated with rhythm-control
strategies, when the objective is treating AF for preventing
stroke, not only symptoms.
Patients with heart failure and PAF might benefit from
optimal rhythm control to prevent recurrences and optimal
rate control to prevent hemodynamic impairment during AF
episodes.
1. European Heart Rhythm Association; European Association for Cardio-Thoracic Surgery, Camm AJ, Kirchhof P, Lip GY, Schotten U,
Savelieva I, Ernst S, Van Gelder IC, Al-Attar N, Hindricks G, Prendergast B, Heidbuchel H, Alfieri O, Angelini A, Atar D, Colonna P, De
Caterina R, De Sutter J, Goette A, Gorenek B, Heldal M, Hohloser SH,
Kolh P, Le Heuzey JY, Ponikowski P, Rutten FH. Guidelines for the
management of atrial fibrillation: the Task Force for the Management
of Atrial Fibrillation of the European Society of Cardiology (ESC).
Eur Heart J 2010;31:2369 –2429.
2. 2011 Writing Group Members, Wann LS, Curtis AB, January CT,
Ellenbogen KA, Lowe JE, Estes NA III, Page RL, Ezekowitz MD,
Slotwiner DJ, Jackman WM, Stevenson WG, Tracy CM, Jacobs AK.
2011 ACCF/AHA/HRS focused update on the management of patients
with atrial fibrillation (updating the 2006 guideline): a report of the
American College of Cardiology Foundation/American Heart Association Task Force on Practice Guidelines. Circulation 2011;123:104 –
123.
3. Savelieva I, Camm AJ. Clinical relevance of silent atrial fibrillation:
prevalence, prognosis, quality of life, and management. J Int Cardiac
Electrophysiol 2000;4:369 –382.
4. Flaker GC, Belew K, Beckman K, Vidaillet H, Kron J, Safford R,
Mickel M, Barrell P, and the AFFIRM Investigators. AFFIRM investigators: asymptomatic atrial fibrillation: demographic features and
prognostic information from the Atrial Fibrillation Follow-Up Investigation of Rhythm Management (AFFIRM) study. Am Heart J 2005;
149:657– 663.
5. Nieuwlaat R, Capucci A, Lip GY, Olsson SB, Prins MH, Nieman FH,
López-Sendón J, Vardas PE, Aliot E, Santini M, Crijns HJ; Euro Heart
Survey Investigators. Antithrombotic treatment in real-life atrial fibrillation patients: a report from the Euro Heart Survey on Atrial Fibrillation. Eur Heart J 2006;27:3018 –3026.
6. Rowan SB, Bailey DN, Bublitz CE, Anderson RJ. Trends in anticoagulation for atrial fibrillation in the U.S.: an analysis of the national
ambulatory medical care survey database. J Am Coll Cardiol 2007;
10;49:1561–1565.
7. Ziegler PD, Koehler JL, Mehra R. Comparison of continuous versus
intermittent monitoring of atrial arrhythmias. Heart Rhythm 2006;3:
1445–1452.
8. Patten M, Maas R, Karim A, Müller HW, Simonovsky R, Meinertz T.
Event-recorder monitoring in the diagnosis of atrial fibrillation in
symptomatic patients: subanalysis of the SOPAT trial. J Cardiovasc
Electrophysiol 2006;17:1–5.
9. Fetsch T, Bauer P, Engberding R, Koch HP, Lukl J, Meinertz T, Oeff
M, Seipel L, Trappe HJ, Treese N, Breithardt G; Prevention of Atrial
Fibrillation After Cardioversion Investigators. Prevention of atrial fibrillation after cardioversion: results of the PAFAC trial. Eur Heart J
2004;25:1385–1394.
10. Hindricks G, Piorkowski C, Tanner H, Kobza R, Gerds-Li JH, Carbucicchio C, Kottkamp H. Perception of atrial fibrillation before and
after radiofrequency catheter ablation. Relevance of asymptomatic
arrhythmia recurrence. Circulation 2005;112:307–313.
11. Senatore G, Stabile G, Bertaglia E, Donnici G, De Simone A, Zoppo
F, Turco P, Pascotto, P, Fazzari M. Role of transtelephonic electrocardiographic monitoring in detecting short-term arrhythmia recurrences after radiofrequency ablation in patients with atrial fibrillation.
J Am Coll Cardiol 2005;45:873– 876.
12. Botto GL, Padeletti L, Santini M Capucci A, Gulizia M, Zolezzi F,
Favale S, Molon G, Ricci R, Biffi M, Russo G, Vimercati M, Corbucci
G, Boriani G. Presence and duration of atrial fibrillation detected by

13.
14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.
25.

26.
27.

28.

29.

275

continuous monitoring: crucial implications for the risk of
thromboembolic events. J Cardiovasc Electrophysiol 2009;20:241–
248.
Arya A, Piorkowski C, Sommer P, Kottkamp H, Hindricks G. Clinical
implications of various follow up strategies after catheter ablation of
atrial fibrillation. Pacing Clin Electrophysiol 2007;30:458 – 462.
Quirino G, Giammaria M, Corbucci G, Pistelli P, Turri E, Mazza A,
Perucca A, Checchinato C, Dalmasso M, Barold SS. Diagnosis of
paroxysmal atrial fibrillation in patients with implanted pacemakers:
relationship to symptoms and other variables. Pacing Clin Electrophysiol 2009;32:91–98.
Hanke T, Charitos EI, Stierle U, Karluss A, Kraatz E, Graf B, Hagemann A, Misfeld M, Sievers HH. Twenty-four– hour Holter monitor
follow-up does not provide accurate heart rhythm status after surgical
atrial fibrillation ablation therapy. Up to 12 months experience with a
novel permanently implantable heart rhythm monitor device. Circulation 2009;120(suppl):S177–S184.
Glotzer TV, Hellkamp AS, Zimmerman J, Sweeney MO, Yee R,
Marinchak R, Cook J, Paraschos A, Love J, Radoslovich G, Lee KL,
Lamas GA. Atrial high rate episodes detected by pacemaker diagnostics predict death and stroke. Circulation 2003;107:1614 –1619.
Israel CW, Gronefeld G, Ehrlich JR, Li YG, Hohnloser SH. Long-term
risk of recurrent atrial fibrillation as documented by an implantable
monitoring device. Implications for optimal patient care. J Am Coll
Cardiol 2004;43:47–52.
Pokushalov E, Romanov A, Corbucci G, Artyomenko S, Turov A,
Shirokova N, Karaskov A. Ablation of paroxysmal and persistent atrial
fibrillation: 1-year follow-up through continuous subcutaneous monitoring. J Cardiovasc Electrophysiol 2011;22:369 –375.
Defaye P, Dournaux F, Mouton E, for the AIDA Multicenter Study
Group. Prevalence of supraventricular arrhythmias from the automated
analysis of data stored in the DDD pacemakers of 617 patients: the
AIDA study. Pacing Clin Electrophysiol 1998;21:150 –155.
Israel CW, Neubauer H, Olbrich HG, Hartung W, Treusch S, Hohnloser SH, BEATS Study Investigators. Incidence of atrial tachyarrhythmias in pacemaker patients: results from the Balanced Evaluation
of Atrial Tachyarrhythmias in Stimulated Patients (BEATS) study.
Pacing Clin Electrophysiol 2006;29:582–588.
Ziegler P, Glotzer TV, Daoud ED, Wyse DG, Singer DE, Ezekowitz
MD, Koehler JL, Hilker CE. Incidence of newly detected atrial arrhythmias via implantable devices in patients with a history of thromboembolic events. Stroke 2010;41:256 –260.
Swerdlow CD, Schsls W, Dijkman B, Jung W, Sheth NV, Olson WH,
Gunderson BD, for the Worldwide Jewel AF Investigators. Detection
of atrial fibrillation and flutter by a dual-chamber implantable cardioverter-defibrillator. Circulation 2000;101:878 – 885.
Pollak WM, Simmons JD, Interian A, Atapattu SA, Castellanos A,
Myerburg RJ, Mitrani RD. Clinical utility of intraatrial pacemaker
stored electrograms to diagnose atrial fibrillation and flutter. Pacing
Clin Electrophysiol 2001;24:424 – 429.
Purerfellner H, Gillis AM, Holbrook R, Hettrick DA. Accuracy of
atrial tachyarrhythmia detection in implantable devices with arrhythmia therapies. Pacing Clin Electrophysiol 2004;27:983–992.
Hoffmann E, Sulke N, Edvardsson N, Ruiter J, Lewalter T, Capucci A,
Schuchert A, Janko S, Camm J, on behalf of the Atrial Fibrillation
Therapy (AFT) Trial Investigators. New insights into the initiation of
atrial fibrillation. A detailed intraindividual and interindividual analysis of the spontaneous onset of atrial fibrillation using new diagnostic
pacemaker features. Circulation 2006;113:1933–1941.
Pérez FJ, Lung TH, Ellenbogen KA, Wood MA. Is time to first
recurrence of atrial fibrillation correlated with atrial fibrillation burden? Am J Cardiol 2006;97:1343–1345.
Nowak B, McMeekin J, Knops M, Wille B, Schröder E, Moro C,
Oelher M, Castellanos E, Coutu B, Petersen B, Pfeil W, Kreuzer J;
Stored EGM in Pulsar Max II and Discovery II Study Group. Validation of dual-chamber pacemaker diagnostic data using dual-channel
stored electrograms. Pacing Clin Electrophysiol 2005;28:620 – 629.
Martinek M, Aichinger J, Nesser HJ, Ziegler PD, Purerfellner H. New
insights into long-term follow-up of atrial fibrillation ablation: full
disclosure by an implantable pacemaker device. J Cardiovasc Electrophysiol 2007;18:818 – 823.
Padeletti L, Pürerfellner H, Adler SW, Waller TJ, Harvey M, Horvitz
L, Holbrook R, Kempen K, Mugglin A, Hettrick DA; Worldwide
ASPECT Investigators. Combined efficacy of atrial septal lead place-

276

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

The American Journal of Cardiology (www.ajconline.org)
ment and atrial pacing algorithms for prevention of paroxysmal atrial
tachyarrhythmia. J Cardiovasc Electrophysiol 2003;14:1189 –1195.
Padeletti L, Botto G, Spampinato A, Michelucci A, Colella A, Porciani
MC, Pieragnoli P, Ciapetti C, Musilli N, Sagone A, Martelli M, Raneri
R, Grammatico A. Prevention of paroxysmal atrial fibrillation in patients with sinus bradycardia: role of right atrial linear ablation and
pacing site. J Cardiovasc Electrophysiol 2003;14:733–738.
Lee MA, Weachter R, Pollak S, Kremers MS, Naik AM, Silverman R,
Tuzi J, Wang W, Johnson LJ, Euler DE; ATTEST Investigators. The
effect of atrial pacing therapies on atrial tachyarrhythmia burden and
frequency: results of a randomized trial in patients with bradycardia
and atrial tachyarrhythmias. J Am Coll Cardiol 2003;41:1926 –1932.
Camm AJ, Sulke N, Edvardsson N, Ritter P, Albers BA, Ruiter JH,
Lewalter T, Capucci PA, Hoffmann E; AFTherapy Investigators. Conventional and dedicated atrial overdrive pacing for the prevention of
paroxysmal atrial fibrillation: the AFTherapy study. Europace 2007;
9:1110 –1118.
Gold MR, Adler S, Fauchier L, Haffajee C, Ip J, Kainz W, Kawasaki
R, Prakash A, Táborský M, Waller T, Wilson V, Hoffmann S, Li E,
SAFARI Investigators. Impact of atrial prevention pacing on atrial
fibrillation burden: primary results of the Study of Atrial Fibrillation
Reduction (SAFARI) trial. Heart Rhythm 2009;6:295–301.
Sweeney MO, Bank AJ, Nsah E, Koullick M, Zeng QC, Hettrick D,
Sheldon T, Lamas GA. Search AV Extension and Managed Ventricular Pacing for Promoting Atrioventricular Conduction (SAVE PACe)
Trial. Minimizing ventricular pacing to reduce atrial fibrillation in
sinus-node disease. N Engl J Med 2007;357:1000 –1008.
Capucci A, Botto G, Molon G, Spampinato A, Favale S, Proclemer A,
Porfilio A, Marotta T, Vimercati M, Boriani G; DAPHNE Study
Investigator. The Drug and Pace Health Clinical Evaluation
(DAPHNE) study: a randomized trial comparing sotalol versus betablockers to treat symptomatic atrial fibrillation in patients with bradytachycardia syndrome implanted with an antitachycardia pacemaker.
Am Heart J 2008;156:373.e1–373.e8.
Hoppe UC, Casares JM, Eiskjær H, Hagemann A, Cleland JGF,
Freemantle N, Erdmann N. Effect of cardiac resynchronization on the
incidence of atrial fibrillation in patients with severe heart failure.
Circulation 2006;114:18 –25.
Santini M, Gasparini M, Landolina M, Lunati M, Proclemer A, Padeletti
L, Catanzariti D, Molon G, Botto GL, La Rocca L, Grammatico A,
Boriani G; Cardiological Centers Participating in the ClinicalService Project. Device-detected atrial tachyarrhythmias predict adverse outcome in
real-world patients with implantable biventricular defibrillators. J Am Coll
Cardiol 2011;57:167–172.
Borleffs CJ, Ypenburg C, van Bommel RJ, Delgado V, van Erven L,
Schalij MJ, Bax JJ. Clinical importance of new-onset atrial fibrillation
after cardiac resynchronization therapy. Heart Rhythm 2009;6:305–
310.
Leclercq C, Padeletti L, Cihák R, Ritter P, Milasinovic G, Gras D, Paul
V, Van Gelder IC, Stellbrink C, Rieger G, Corbucci G, Albers B,
Daubert JC; CHAMP Study Investigators. Incidence of paroxysmal
atrial tachycardias in patients treated with cardiac resynchronization
therapy and continuously monitored by device diagnostics. Europace
2010;12:71–77.

40. Esperer HD, Esperer C, Cohen RJ. Cardiac arrhythmias imprint specific signatures on Lorenz plots. Ann Noninvasive Electrocardiol 2008;
13:44 – 60.
41. Hindricks G, Pokushalov E, Urban L, Taborsky M, Kuck KH, Lebedev
D, Rieger G, Pürerfellner H, on behalf of the XPECT Trial Investigators. Performance of a new implantable cardiac monitor in detecting
and quantifying atrial fibrillation. Results of the XPECT trial. Circ
Arrhythm Electrophysiol 2010;3:141–147.
42. Pokushalov E, Romanov A, Corbucci G, Artyomenko S, Turov A,
Shirokova N, Karaskov A. Use of an implantable monitor to detect
arrhythmia recurrences and select patients for early repeat catheter
ablation for atrial fibrillation: a pilot study. Circ Arrhythm Electrophysiol 2011;4:823– 831.
43. Sinha AM, Diener HC, Morillo CA, Sanna T, Bernstein RA, Di
Lazzaro V, Passman R, Beckers F, Brachmann J. Cryptogenic Stroke
and Underlying Atrial Fibrillation (CRYSTAL AF): design and rationale. Am Heart J 2010;160:36 – 41.
44. Tayal AH, Tian M, Kelly KM, Jones SC, Wright DGB, Singh D,
Jarouse J, Brillman J, Murali S, Gupta G. Atrial fibrillation detected by
mobile cardiac outpatient telemetry in cryptogenic TIA or stroke.
Neurology 2008;71:1696 –1701.
45. Jabaudon D, Sztajzel J, Sievert K, Landis T, Sztajzel R. Usefulness of
ambulatory 7-day ECG monitoring for the detection of atrial fibrillation and flutter after acute stroke and transient ischemic attack. Stroke
2004;35:1647–1651.
46. Healey JS, Connolly SJ, Gold MR, Israel CW, Van Gelder IC, Capucci
A, Lau CP, Fain E, Yang S, Bailleul C, Morillo CA, Carlson M,
Themeles E, Kaufman ES, Hohnloser SH; ASSERT Investigators.
Subclinical atrial fibrillation and the risk of stroke. N Engl J Med
2012;366:120 –129.
47. Capucci A, Santini M, Padeletti L, Gulizia M, Botto G, Boriani G,
Ricci R, Favale S, Zolezzi F, Di Belardino N, Molon G, Drago F,
Villani GQ, Mazzini E, Vimercati M, Grammatico A, on behalf of the
Italian AT500 Registry Investigators. Monitored atrial fibrillation duration predicts arterial embolic events in patients suffering from bradycardia and atrial fibrillation implanted with antitachycardia pacemakers. J Am Coll Cardiol 2005;46:1913–1920.
48. Glotzer TV, Daoud EG, Wyse DG, Singer DE, Ezekowitz MD, Hilker
C, Miller C, Qi D, Ziegler P. The relationship between daily atrial
tachyarrhythmia burden from implantable device diagnostics and
stroke risk. The TRENDS study. Circ Arrhythmia Electrophysiol
2009;2:474 – 480.
49. Shanmugam N, Boerdlein A, Proff J, Ong P, Valencia O, Maier SK,
Bauer WR, Paul V, Sack S. Detection of atrial high-rate events by
continuous home monitoring: clinical significance in the heart failurecardiac resynchronization therapy population. Europace 2012;14:230 –
237.
50. Boriani G, Botto GL, Padeletti L, Santini M, Capucci A, Pulizia M,
Ricci R, Biffi M, De Santo T, Corbucci G, Lip GYH, for the Italian
AT500 Registry Investigators. Improving stroke risk stratification using the CHADS2 and CHA2DS2VASc risk scores in paroxysmal atrial
fibrillation patients by continuous arrhythmia burden monitoring.
Stroke 2011;42:1768 –1770.

