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Abstract: Atrial fibrillation (AF) is the most prevalent sustained arrhythmia in clinical practice. It is associated with sig-
nificant morbidity and mortality and has been identified as an independent risk factor for ischemic stroke and thromboem-
bolic events. Catheter ablation has become an established rhythm control therapy in patients with highly symptomatic 
drug-refractory AF. The definition of ablation success remains controversial since current symptom-based or intermittent 
electrocardiogram monitoring strategies fail to sufficiently disclose rhythm outcome. This failure is mainly related to the 
high incidence of asymptomatic AF recurrences, the unpredictable nature of arrhythmia relapses, and the poor correlation 
of symptoms and AF episodes. There is a clear correlation between the intensity of the monitoring strategy and the sensi-
tivity for it to detect arrhythmia recurrences. Furthermore, several clinical studies assessing the long-term efficacy of 
catheter ablation procedures have reported late AF recurrences in patients who were initially considered responders to 
catheter ablation. In certain subsets of patients, precise long-term monitoring may help to guide therapy, e.g. patients in 
whom withdrawal of antithrombotic therapy may be considered if they are free of arrhythmia recurrences. Recently, sub-
cutaneous implantable cardiac monitors (ICM) have been introduced for prolonged and continuous rhythm monitoring. 
The performance of a leadless ICM equipped with a dedicated AF detection algorithm has recently been assessed in a 
clinical trial demonstrating a high sensitivity and overall accuracy for identifying patients with AF. The clinical impact of 
ICM-based follow-up strategies, however, has to be evaluated in prospective clinical trials.

Keywords: Atrial fibrillation, catheter ablation, success rate, asymptomatic recurrences, follow-up strategies, implantable car-
diac monitors. 

INTRODUCTION 

 Atrial fibrillation (AF) is the most common sustained 
cardiac rhythm disturbance in clinical practice affecting 1-2 
% of the general population with the prevalence increasing 
with age [1,2]. The number of patients with AF is estimated 
to increase approximately 2.5 fold within the next 50 years 
[3]. AF is a major cardiac cause of morbidity that is primar-
ily related to a reduced quality of life, heart failure and 
thromboembolic events, and thus represents a considerable 
health care burden [4-7]. During the past 20 years, hospital 
admissions for AF have substantially increased which is 
mainly attributed to the ageing of the population, a higher 
prevalence of chronic heart disease, and more frequent diag-
nosis through use of arrhythmia monitoring devices [8]. Ac-
cording to data from the Framingham Heart Study, AF is 
independently associated with an increased mortality [9].
Management of AF encompasses antithrombotic treatment 
according to the individual stroke risk and either rate control 
or rhythm control strategies [1,8,10]. The decision to accept 
AF and control ventricular response or to restore and main-
tain sinus rhythm is mainly driven by the presence and sever-
ity of symptoms, the type of AF, patients´ preference, and a 
variety of clinical factors such as age, cardiovascular co-
morbidities and left atrial size. During the last decade, cathe-
ter ablation of AF has evolved from a highly experimental 
procedure to a standard rhythm control strategy for patients 

*Address correspondence to this author at the Heart Center Leipzig, Cardi-
ology, Dept. of Electrophysiology, Struempellstr. 39, 04289 Leipzig,  
Germany; Tel: 0049-(0)341-865-1413; Fax: 0049-(0)341-865-1460;  
E-mail: philipp.sommer@herzzentrum-leipzig.de 

with symptomatic AF [1,11]. There is general agreement that 
pulmonary vein isolation forms the cornerstone of any abla-
tion procedure. Whilst standardized procedural endpoints 
have been established, the definition of “long-term ablation 
success” remains controversial. This is primarily related to 
the inability of current post-interventional rhythm monitor-
ing strategies to provide valid detection of AF recurrences or 
secondary arrhythmias (i.e. atrial tachycardia and atypical 
atrial flutter). This review focuses on the clinically relevant 
aspects of current follow-up strategies after catheter ablation 
for AF and their implications on “ablation success”.  

RHYTHM MONITORING AFTER CATHETER AB-
LATION: GENERAL CONSIDERATIONS 

 From a pragmatic point of view one might argue that a 
follow-up strategy exclusively based on symptom reporting 
is sufficient to define ablation success since (1) catheter abla-
tion primarily aims at the elimination of symptoms and the 
improvement of quality of life and (2) long-term anticoagu-
lation should be managed according to the individual stroke 
risk [1,11,12]. However, a more objective follow-up strategy 
based on regular scheduled or continuous ECG monitoring 
may be required in both clinical care and clinical research 
trials for several reasons. First, the diagnostic yield of symp-
tom-based follow-up strategies is substantially limited not 
only because of the reported high incidence of silent ar-
rhythmia recurrence (see below), but also due to the well-
known poor symptom-arrhythmia correlation and the unpre-
dictability of AF recurrences [13-18]. In a considerable 
number of patients, palpitations resulting from atrial or ven-
tricular premature complexes, or sinus tachycardia may be 
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misinterpreted as AF episodes. In a study by Israel et al., 40 
% of patients with an implanted pacemaker reported symp-
toms suggestive of AF but standard ECG recording and de-
vice interrogation proved absence of AF during the respec-
tive episode [15]. In a study by Quirino et al. that included 
89 patients with a history of paroxysmal AF and permanent 
pacemaker implantation for sick sinus syndrome, only 240 
(21 %) out of 1,141 patient reported episodes corresponded 
to a device-stored AF recurrence [13]. In a subgroup analysis 
of the Mode Selection Trial (MOST) that included 312 pa-
tients with permanent pacemakers, the sensitivity of symp-
tom reporting was 82.4 %, whereas specifity measured 38.3 
% with a positive predictive value of only 58.7 % [16]. Sec-
ond, a reliable assessment of rhythm outcome is essential for 
the comparison of different rhythm control strategies and the 
definition of success in both clinical care and research trials 
[19]. Appropriate surveillance during the early post-ablation 
period may identify patients who are at higher risk of long-
term treatment failure since early recurrences strongly pre-
dict a lack of long-term success [20,21]. Third, early detec-
tion of silent AF relapses and / or secondary arrhythmias 
may be of great importance to prevent the development of a 
tachycardia-induced cardiomyopathy resulting from unrec-
ognized high ventricular rates [22]. Finally, valid rhythm 
monitoring may help to guide clinical decision making in 
certain subsets of patients. In a study by Botto et al. that in-
cluded 568 patients with permanent pacemakers and a his-
tory of AF, the incidence of thromboembolic events was 0.8 
% per year in patients with a CHADS2-score � 2 and AF 
recurrences with a maximum duration of 5 minutes on de-
vice interrogation [23]. This data suggests that a highly accu-
rate follow-up, as provided by implantable cardiac devices, 
may add valuable information to current clinical risk stratifi-
cation schemes. Thus, it might be reasonable to discontinue 
oral anticoagulation in selected patients with a low to mod-
erate risk for thromboembolic events and freedom from AF 
or atrial tachycardia as evidenced by a rhythm monitoring 
strategy allowing for reliable conclusions about rhythm con-
trol. 

EPIDEMIOLOGY OF ASYMPTOMATIC ATRIAL 
FIBRILLATION 

 The clinical presentation of AF is highly variable and 
frequently difficult to predict in an individual patient. The 
arrhythmia is typically associated with a variety of symp-
toms including palpitations, limited exercise capacity, chest 
pain, dyspnea, fatigue, dizziness and syncope [1,6]. How-
ever, AF may recur without clinical signs or symptoms in a 
significant proportion of patients. Older age, persistent or 
permanent AF, male sex and lower ventricular rates have 
been associated with an increased risk of silent episodes, but 
data from different studies are inconsistent implying that 
clinical factors and arrhythmia pattern cannot reliably predict 
patients with silent AF episodes [1,6,24-29]. Detection of 
silent AF episodes in individual patients is even more trou-
blesome as symptomatic and asymptomatic episodes may 
coexist in the same patient [30,31]. Page et al. reported that 
silent AF episodes were detected in 17 % of patients before 
the recurrence of any symptomatic supraventricular arrhyth-
mia in patients with a history of symptomatic AF or atrial 
flutter [31]. Furthermore, medical rhythm control or rate 

control may convert symptomatic AF into silent AF by alter-
ing arrhythmia perception [32,33]. There is great evidence 
that the burden of AF may be grossly underestimated due to 
the high incidence of subclinical AF episodes [34,35]. It is 
appreciated that silent episodes occur in at least one third of 
AF patients [6]. The reported incidence of asymptomatic AF 
strongly depends upon the intensity of rhythm monitoring, 
the duration of the follow-up period, the definition of AF and 
the AF burden in the respective patient population [34,35].
In studies including elderly patients using “low intensity” 
methods of rhythm monitoring based on 12-lead ECG, self-
reporting, physical examination, hospital discharge diagno-
ses and single 24-hour Holter monitoring, the reported inci-
dence of silent AF varied between 10 and 40 % [29,36-40].
In contrast, extended rhythm monitoring with a cardiac event 
recorder allowing for continuous automatic rhythm analysis 
and storage revealed that 55 % of patients with documented 
paroxysmal atrial fibrillation and a negative 24-hour Holter 
monitoring were asymptomatic [41]. Implantable cardiac 
devices, such as permanent pacemakers and defibrillators 
with dedicated atrial arrhythmia detection algorithms, allow 
for continuous rhythm monitoring with a high sensitivity and 
specificity [15,42,43]. In the Automatic Interpretation for 
Diagnosis Assistance (AIDA) study, 58 % of patients with a 
permanent pacemaker for sinus node dysfunction and / or 
atrioventricular node disease and a history of clinical AF had 
silent AF episodes lasting longer than 1 minute detected by 
the device during a 1-month follow-up period [42]. Israel et
al. assessed the incidence of AF recurrences in 110 patients 
with permanent pacemakers and a history of paroxysmal or 
persistent AF [15]. After a mean observation period of 19 ± 
11 months, AF was detected in 51 patients (46 %) by resting 
ECG recording and in 97 patients (88 %) by device interro-
gation. AF episodes lasting longer than 48 hours were found 
in 50 patients, 19 of whom (38 %) were asymptomatic.  

CLINICAL IMPLICATIONS OF ASYMPTOMATIC 
ATRIAL FIBRILLATION 

 AF is an independent risk factor for ischemic stroke [44].
Strokes related to AF confer a higher risk of death and per-
manent disability than strokes of other causes [45,46]. The 
use of warfarin significantly reduces the risk of stroke as 
demonstrated in a meta-analysis of several randomized trials 
[47]. There is growing evidence that silent AF is associated 
with a relevant risk of thromboembolic events [16,48,49,50].
In the Atrial Fibrillation Follow-up Investigation of Rhythm 
Management (AFFIRM) study, 5.0 % of patients in the rate 
control group and 7.1 % in the rhythm control group experi-
enced an ischemic stroke [48]. In 55 % of patients in the 
rhythm control arm and in 36 % of patients under rate con-
trol, the ischemic event occurred after discontinuation of 
warfarin. The higher stroke rate in the rhythm control group 
may at least partially be explained by the presence of silent 
AF episodes in patients in whom AF was considered to be 
suppressed and thus anticoagulation was withdrawn. A sub-
analysis of the AFFIRM study demonstrated that silent AF 
did not confer a better outcome with respect to mortality and 
major events after adjustment for baseline characteristics 
[49]. A subgroup analysis of MOST that included 312 pa-
tients who had permanent pacemaker implantation for sinus 
node dysfunction, was designed to assess the clinical signifi-
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cance of atrial high rate episodes (AHRE) as detected by 
pacemaker diagnostics [16]. Pacemakers were programmed 
to store an AHRE when the atrial rate was > 220 beats per 
minute. Analyses were confined to patients with AHRE last-
ing longer than 5 minutes. After a median follow-up of 27 
months, 160 out of 312 patients (51.3 %) had at least one 
AHRE. The presence of any AHRE was an independent pre-
dictor of total mortality, death or non-fatal stroke, and AF. 
More importantly, almost one fifth of patients with AHRE 
were asymptomatic. The recently published Asymptomatic 
Atrial Fibrillation and Stroke Evaluation in Pacemaker Pa-
tients and the Atrial Fibrillation Reduction Atrial Pacing 
Trial (ASSERT) prospectively evaluated the association of 
subclinical atrial high-rate episodes detected by implanted 
devices (i.e. pacemakers and defibrillators) and the risk of 
ischemic stroke in 2580 patients aged � 65 years with a his-
tory of hypertension and no prior diagnosis of clinical AF 
[50]. Patients were initially monitored for 3 months to detect 
subclinical AHRE which were defined as episodes of atrial 
rate > 190 beats per minute lasting more than 6 minutes. Pa-
tients were subsequently followed for a mean of 2.5 years for 
the primary outcomes of ischemic stroke or systemic embo-
lism. After 3 months, subclinical atrial tachyarrhythmias 
were recorded in 261 patients (10.1 %). Subclinical atrial 
tachyarrhythmias were independently associated with a 2.5-
fold increase in the risk of subsequent ischemic stroke or 
systemic embolism. 

ASYMPTOMATIC AF AFTER CATHETER ABLA-
TION 

 Patients who are considered for AF catheter ablation usu-
ally represent a highly symptomatic subgroup within the 
general AF population. Several studies, however, demon-
strated the occurrence of asymptomatic AF episodes during 
the follow-up period after ablation in a substantial number of 
patients [51-54]. Vasamreddy et al. monitored 19 consecu-
tive patients after catheter ablation with mobile cardiac out-
patient telemetry (MCOT) that allowed for automatic ar-
rhythmia detection and ECG transmission to a service center 
[52]. During the follow-up period, MCOT was applied for 5 
days per month, for 6 consecutive months after the ablation. 
Additionally, patients were asked to activate the system 
when symptoms they attributed to AF occurred. After 6 
months, 7 out of 10 patients (70 %) with a complete follow-
up were free from symptomatic AF recurrences. However, 
the success rate decreased to 50 % when silent AF episodes 
were considered. In 80 consecutive patients with paroxysmal 
AF studied by Klemm et al., post-procedural follow-up con-
sisted of daily and symptom-activated transtelephonic ECG 
transmissions for 6 months [53]. In total, 6,835 transmitted 
episodes were analyzed. Sinus rhythm was present in 5,437 
episodes (79.5 %) whereas AF was recorded in 1,398 epi-
sodes (20.5 %) with 752 AF episodes (53.8 %) being clini-
cally silent. Seven out of 80 patients (8.8 %) with AF recur-
rences were completely asymptomatic. Hindricks et al. pro-
spectively evaluated the incidence of asymptomatic AF epi-
sodes in 114 patients with highly symptomatic, drug-
refractory AF who were selected for catheter ablation [54].
Serial continuous 7-day Holter ECG recordings were per-
formed prior to the procedure, immediately after ablation, 
and after 3, 6, and 12 months of follow-up respectively. Be-

fore ablation, 92 of 114 patients (81 %) had AF episodes. 
Both symptomatic and asymptomatic AF episodes were ob-
served in 52 patients (57 %), whereas 5 patients (5 %) exclu-
sively experienced silent AF episodes. After the procedure, 
the percentage of patients with only asymptomatic AF re-
lapses significantly increased to 38 %, 37 %, and 36 % after 
3, 6, and 12 months of follow-up, respectively. Analyses of 
patient characteristics and arrhythmia patterns could not 
identify specific subsets of patients who were at an increased 
risk for silent AF. This significant post-interventional in-
crease in the number of patients with asymptomatic AF epi-
sodes may be partially explained by changes in arrhythmia 
perception due to a placebo-effect which has been observed 
after other invasive procedures [55] and ablation-induced 
modulation of the autonomic nervous system.

RHYTHM MONITORING AFTER CATHETER AB-
LATION 

 In the recent years, several randomized trials comparing 
the efficacy of catheter ablation against antiarrhythmic drug 
treatment have been published reporting freedom from AF 
after ablation in 57 % to 89 % of patients after one year of 
follow-up [56-59]. Data from several studies suggest that 
differences in the reported rhythm outcome after catheter 
ablation are not only related to patient selection, ablation 
technique and experience but also due to the different post-
interventional rhythm monitoring strategies [60-63]. Fur-
thermore, there is a clear positive correlation between the 
duration and intensity of the follow-up and the arrhythmia 
detection rate, suggesting that the reported outcome after 
catheter ablation is substantially overestimated. Kottkamp et
al. investigated the diagnostic yield of different rhythm 
monitoring durations in 100 patients who underwent circum-
ferential pulmonary vein isolation and substrate modification 
for highly symptomatic paroxysmal and persistent AF [60].
In patients with paroxysmal AF, significantly more AF re-
currences were detected by 7-day Holter monitoring imme-
diately after ablation as well as at three and six months fol-
low-up as compared to the conventional approach using 24-
hour ECG recording. At 12 months follow-up, there was still 
a numeric difference between both strategies with 88 % of 
patients being free from AF relapses on 24-hour ECG Holter 
as compared to 74 % of patients with 7-day Holter ECG re-
cording. Similar results were reported by Dagres et al. who 
evaluated the diagnostic yield of different Holter durations in 
215 consecutive patients with 7-day Holter monitoring 6 
months after AF catheter ablation [61]. Compared to the 
complete 7-day ECG recording period, any Holter duration 
equal to or lower than 5 days would have detected signifi-
cantly less patients with AF relapses. The proportion of pa-
tients with AF recurrences would have increased from 59 % 
using 24-hour Holter ECG to 91 % when Holter ECG dura-
tion was extended to 96 hours. In another study by Senatore 
et al., a follow-up strategy consisting of 24-hour Holter ECG 
and standard ECG recording performed one and four months 
after ablation was compared against daily and symptom-
driven 30-second transtelephonic ECG transmissions starting 
one month after ablation in 72 patients during a short-term 
follow-up period of 4 months after catheter ablation [62].
During the follow-up period, transtelephonic ECG monitor-
ing detected a significantly higher number of patients with 
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AF recurrences compared to the approach based on Holter 
and ECG recording (27.8 % versus 13.9 %). Piorkowski et
al. prospectively compared the diagnostic yield of serial 7-
day Holter recordings against transtelephonic ECG recording 
in 30 consecutive patients with highly symptomatic AF after 
catheter ablation [63]. In all patients, a continuous 7-day 
Holter ECG was performed prior to the procedure, immedi-
ately after the procedure, and after 3 and 6 months respec-
tively. Additionally, 12 lead ECGs were routinely transtele-
phonically transmitted every 2 days throughout the 6-month 
follow-up period and on occurrence of symptoms suggestive 
of AF recurrences. Using a follow-up strategy based solely 
on symptoms, the success rate, defined as freedom from AF, 
would have been reported as 70 % after a blanking period of 
one or three months. With serial 7-day Holter recordings and 
transtelephonic ECG transmission strategies the success rates 
declined to 50 % and 45 % of patients, respectively.  
 Several studies reported on the rate of late AF recur-
rences, defined as AF recurrences 12 months or more after 
the ablation procedure [64-69]. Weerasooriya et al. assessed 
the long-term efficacy of catheter ablation procedures in 100 
patients with paroxysmal or persistent AF using serial 24-
hour Holter ECG monitoring and symptom-initiated ECG 
recording [64]. After a single catheter ablation procedure, 
complete ablation success, defined as absence of any AF or 
atrial tachycardia recurrence lasting at least 30 seconds, was 
achieved in 40 %, 37 %, and 29 % at 1, 2, and 5 years, re-
spectively. After a median of 2 procedures per patient, ar-
rhythmia-free survival following the last ablation procedure 
was observed in 87 %, 81 %, and 63 % of patients at 1, 2, 
and 5 years, respectively. In a study by Sorgente et al., 103 
patients were followed for a median of 6 years to evaluate 
ablation outcome [65]. Freedom from any atrial tachycardia 
was present in 23 % of patients after a single procedure and 
in 39 % after the last procedure. About two thirds of recur-
rences occurred within 12 months after the ablation proce-
dure. Martinek et al. followed 14 patients with implanted 
pacemakers capable of arrhythmia detection and storage in 
order to assess various aspects of very long-term outcome 
(mean follow-up = 41.4 ± 15.1 months) [66]. Successful re-
sponse to catheter ablation was defined as a decrease of atrial 
tachyarrhythmia burden to less than 10 minutes per day in 
the first 24 months. The proportion of responders declined 
from 71 % when follow-up was solely based on symptom-
reporting to 57 % when 7-day Holter recording was applied. 
Pacemaker diagnostics revealed a responder rate of 43 %, 
with only 21 % of patients being free from any tachyar-
rhythmia episode. Bertaglia et al. followed 177 patients who 
were considered free from any atrial tachyarrhythmia recur-
rence during the first year after ablation (67). During a mean 
follow-up period of 49.7 ± 13.3 months, AF recurrences 
were detected in 74 out of these 177 patients (41.8 %). 

CURRENT STANDARDS AND FUTURE DIREC-
TIONS 

 Expert consensus recommends a follow-up strategy con-
sisting of standard ECGs obtained at scheduled follow-up 
visits for at least two years after catheter ablation [11]. A 
more intense follow-up should be driven mainly by the clini-
cal impact of AF detection. Currently, follow-up strategies 
are mainly based on non-continuous rhythm monitoring tools 

including scheduled or symptom-triggered standard ECGs, 
Holter ECG monitoring (24 hours to 7 days), patient and 
automatically activated event recorders, external loop re-
corders and transtelephonic ECG transmissions. Any of these 
strategies bears device specific limitations including unsatis-
factory description of arrhythmia episodes in the case of 
short-term recordings and poor patient compliance in the 
case of more intense monitoring [52]. The most important 
limitations of intermittent monitoring, however, are the defi-
cient sensitivity and negative predictive values (Fig. 1). 
Ziegler et al. retrospectively investigated the diagnostic yield 
of symptom-based and intermittent monitoring compared to 
continuous rhythm monitoring provided in 574 patients with 
permanent pacemakers over a follow-up period of one year 
[35]. Non-continuous monitoring i.e. annual, quarterly, and 
monthly 24-hour Holter; 7-day and 30-day annual long-term 
recordings, was simulated by analyzing data from randomly 
selected days within a pre-defined monitoring window. 
Symptom-based monitoring was approximated by analyzing 
days when patients reported symptoms by means of an ex-
ternal activator. Compared with continuous monitoring, 
symptom-based and all intermittent monitoring strategies 
were associated with a significantly lower sensitivity (range 
31 %-71 %) and negative predictive value (range 21 %-39 
%) for detection of patients with any atrial tachyarrhythmia. 
In a study by Botto et al. that included 568 patients with a 
permanent pacemaker and prior AF episodes, the mean sen-
sitivity in detecting AF episodes lasting longer than 5 min-
utes measured 44.4 %, 50.5 %, and 65.1 % for 24-hour Hol-
ter ECG, 1-week Holter ECG, and 1-month Holter ECG 
monitoring, respectively [23]. Highly reliable rhythm sur-
veillance would be desirable in certain patient subgroups to 
guide therapy, e.g. in patients at low to moderate risk of 
thromboembolic events in whom discontinuation of anti-
thrombotic therapy may be considered if they are arrhythmia 
free after ablation. Continuous rhythm monitoring, as pro-
vided by implantable pacemakers and defibrillators with an 
atrial lead and the capability of arrhythmia detection, stor-
age, and quantification, has been shown to be highly sensi-
tive and specific. However, these tools are limited to a small 
group of AF patients with a standard indication for device 
therapy [43,70]. In the recent years, subcutaneous implant-
able cardiac monitors (ICM) have been developed for con-
tinuous rhythm assessment (Fig. 2). ICMs have been incor-
porated into the current guidelines as diagnostic tools for the 
evaluation of patients with unexplained syncope [71]. The 
Reveal XT Performance Trial (XPECT) prospectively as-
sessed the short-term performance of a leadless ICMs 
equipped with a dedicated AF detection algorithm in 247 
patients with paroxysmal AF [72]. The AF detection algo-
rithm, which was designed to detect the presence of AF and 
AF burden, uses the irregularity and incoherence of R-R in-
tervals to identify and classify patterns of ventricular con-
duction. The R-R intervals are assessed within each 2-minute 
period of time, and the variability of the differences in R-R 
intervals is calculated. Episodes are classified as AF when 
the R-R intervals within the 2-minute interval show a certain 
pattern of uncorrelated irregularity. The ICM is capable of 
storing up to 49.5 minutes of recorded ECGs, which are 
allocated to 22.5 minutes of patient-activated events and 
27 minutes of automatically  
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Fig. (2). Available implantable cardiac monitors. (A) Reveal® XT 
(Medtronic), (B1) and (B2) Confirm® (St. Jude Medical), and (C)
Sleuth™ (Transoma), equipped with integrated (A and B) or exter-
nal (C) electrodes. 

stored episodes. Additionally, the ICM has an episode log 
that allows for storing of 30 automatically detected epi-
sodes and up to 10 patient-initiated events. When storage 
capacity is exhausted, an additional episode will overwrite 
the oldest stored episode. The ICM automatic arrhythmia 
classification was compared to the analysis of a simulta-
neously recorded 46-hour Holter ECG. Complete data 
were available for 206 patients and demonstrated a sensi-
tivity, specificity, positive predictive value, and negative 
predictive value of 96.1 %, 85.4 %, 79.3 %, and 97.4 %, 
respectively, for identifying patients with any AF episode. 
The AF burden was accurately measured by the ICM in 
the vast majority of patients. False-positive classification 
by the ICM was related to frequent premature atrial or 
ventricular complexes, oversensing due to myopotentials, 
irregular sinus rhythm, bigeminy and other atrial arrhyth-
mias. The superiority of continuous rhythm monitoring 
provided by an ICM over intermittent recording strategies 
has been demonstrated in 45 patients after surgical abla-
tion who were followed by an ICM and quarterly 24-hour 
Holter ECG recording [73]. In patients with a low AF 
burden, 24-hour Holter ECG monitoring substantially un-
derestimated the “true” incidence of AF recurrences as 
evidenced by the ICM. In a study by Eitel et al., there was 
a trend towards a higher AF detection rate on ICM com-
pared against serial 7-day Holter monitoring in 51 patients 
after catheter ablation [74]. In another study by Pokusha-
lov et al., ICM recording was used to guide postinterven-
tional management in 268 patients who underwent cathe-
ter ablation for paroxysmal AF [75]. Patients with AF 
recurrences within the first 3 months after ablation were 
randomly assigned into two treatment groups. Patients in 
group 1 received antiarrhythmic treatment for 6 weeks 
and re-ablation was performed only in the event of AF 
recurrences after the 3-months interval. In group 2,  
patients were treated according to the mode of AF initia-
tion as detected and stored by the ICM [76]. If AF recur-
rences were preceded by triggers (e.g. premature atrial 

Fig. (1). Estimated correlation between the intensity of the follow-up strategy and atrial fibrillation detection rate (Modified from [75]).  
*During quarterly follow-up visits; ICM: Implantable cardiac monitor; ICD: Implantable cardioverter-defibrillator 
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complexes, atrial tachycardia), patients were scheduled 
for a repeat ablation procedure. If no triggers were identi-
fied, an antiarrhythmic therapy was initiated. At 12-month 
follow-up, significantly more patients in group 1 had AF 
recurrences as compared to group 2 (67 % versus 20 %).  
 Follow-up strategies based on the currently available 
ICMs have major shortcomings because of the limited elec-
trogram storage capacity, the high burden of non-diagnostic 
interrogations and the exclusion of short-lasting AF. These 
limitations may be overcome by individual device program-
ming and remote device interrogation aiming at reducing 
storage overflow.  

CONCLUSION 

 Catheter ablation for AF has become a standard rhythm 
control therapy in patients with highly symptomatic drug-
refractory AF. The definition of ablation success remains 
controversial since currently applied rhythm detection 
strategies are based on symptom-reporting and intermittent 
ECG recording and thus substantially underestimate the 
“true” rate of AF recurrences. Data from clinical trials sug-
gest the existence of AF recurrences even after an “ar-
rhythmia-free” interval of 12 months after the ablation pro-
cedure. Therefore, in certain subsets of patients, a precise 
and sufficiently long rhythm monitoring may be required to 
adequately guide individual clinical decision making. Re-
cently, a subcutaneous leadless ICM has been validated in a 
clinical trial demonstrating a high sensitivity and overall 
accuracy for detecting AF. Continuous rhythm monitoring 
based on ICM may allow for the development of new fol-
low-up standards for both clinical and scientific purposes. 
Furthermore, most of the data concerning rhythm monitor-
ing after catheter ablation were derived from studies that 
had been initiated several years ago. Since there have been 
significant technological improvements, these data may 
underestimate the efficacy of current ablation approaches. 
Further prospective studies are required to evaluate the po-
tential impact of ICM based monitoring on clinical care and 
patient treatment, and on the “true” outcome of current ab-
lation strategies. 
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ABBREVIATIONS 

AF = Atrial fibrillation 
AHRE = Atrial high rate episodes 
ECG = Electrocardiogram 

ICM = Implantable cardiac monitor 
MCOT = mobile cardiac outpatient telemetry 
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