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Aims To study device performance, arrhythmia recurrence characteristics, and methods of outcome assessment using a
novel implantable cardiac monitor (ICM) in patients undergoing ablation for atrial fibrillation (AF).

...................................................................................................................................................................................................
Methods
and results

In 419 consecutive patients undergoing first-time catheter ablation for symptomatic paroxysmal (n = 224) or persist-
ent (n = 195) AF an ICM was injected at the end of the procedure. Telemedicine staff ensured full episode transmis-
sion coverage and manually evaluated all automatic arrhythmia episodes. Device detection metrics were calculated for
>_2, >_6, and >_10 min AF detection durations. Four methods of outcome assessment were studied: continuous recur-
rence analysis, discontinuous recurrence analysis, AF-burden analysis, and analysis of individual rhythm profiles. A total
of 43 673 automatic AF episodes were transmitted over a follow-up of 15± 6 months. Episode-based positive predict-
ive values changed significantly with longer AF detection durations (70.5% for >_2 min, 81.8% for >_6 min, and 85.9%
for >_10 min). Patients with exclusive short episode recurrences (>_2 to <6 min) were rare and their arrhythmia detec-
tion was clinically irrelevant. Different methods of outcome assessment showed a large variation (46–79%) in ablation
success. Individual rhythm characteristics and subclinical AF added to this inconsistency. Analysis of AF-burden and in-
dividual rhythm profiles were least influenced and showed successful treatment in 60–70% of the patients.

...................................................................................................................................................................................................
Conclusion We suggest AF detection duration >6 min and AF burden >0.1% as a standardized outcome definition for AF stud-

ies to come in the future.
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Introduction

Success rates of atrial fibrillation (AF) ablation remain controversial
because many previous studies are based on symptom-reporting and
discontinuous monitoring, which underestimate true recurrence
rates.1,2 From a clinical perspective it is essential to rely upon appro-
priate detection of AF to make decisions concerning antiarrhythmic
therapy and in the future potentially for oral anticoagulation.3,4

Moreover, reliable diagnosis of AF is scientifically warranted when
evaluating new therapeutic approaches.

Implantable cardiac monitors (ICMs) offer the advantage of long-
term monitoring. The performance and diagnostic value of older
generation ICM have been reported previously.5–11 New gener-
ation monitors are smaller, use improved AF detection algorithms
and provide remote monitoring for manual electrogram (EGM)
analysis.12,13
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Our study describes continuous telemedicine-based long-term
monitoring with the Reveal LINQ in patients after AF ablation with
manual adjudication of every automatically detected arrhythmia epi-
sode. The aim was (i) to analyse device detection performance, (ii) to
evaluate ablation outcome by different methods of rhythm assess-
ment, and (iii) to study arrhythmia recurrence characteristics.

Methods

Patient population
An investigator-initiated, prospective, non-randomized study, including
419 consecutive patients undergoing first-time catheter ablation for
symptomatic, drug refractory paroxysmal, or persistent AF, who agreed
to have a Reveal LINQ (Medtronic Inc., Minneapolis, MN, USA) injected
for post-ablation rhythm monitoring, was conducted between March
2014 and September 2016. Patients were followed up until the end of the
study or the date of re-ablation. The study was approved by the institu-
tional ethical review board (EK 28409202) and conforms to the principles
outlined in the Declaration of Helsinki. All data were collected, managed
and analysed at Heart Centre Dresden and the Steinbeis Research
Institute ‘Electrophysiology and Cardiac Devices’.

Ablation procedure
Ablation was performed with radiofrequency energy using standard
irrigated-tip ablation catheter (CARTO THERMOCOOL SF, Biosense
Webster, USA; FlexAbility, Abbott, USA). The standard ablation settings
included a preselected power of 40 W and a flow rate of 15 mL/min. At
the posterior left atrial (LA) wall power delivery was limited to 30 W and
20 s and was terminated at intraoesophageal temperature increases
>39�C.

Patients presenting in AF were cardioverted. In sinus rhythm (SR), LA
endocardial voltage maps (LASSO NAV, Biosense Webster; Reflexion
Spiral, Abbott) were reconstructed in all patients. Bipolar peak-to-peak
EGM amplitude <0.5 mV was defined as diseased low-voltage signal

(LVA). Lack of local pace capture (10 V and 2 ms) was used to identify
scar.14,15

All patients received wide encircling pulmonary vein (PV) isolation
with proven entrance and exit block. Additional extra PV ablation was
individualized based on the voltage maps where substrates were targeted
with (i) homogenization of small LVAs, (ii) linear lesions connecting LVAs
to anatomical obstacles (e.g. PVs or mitral annulus), and (iii) linear lesions
isolating large LVAs (e.g. isolation of the posterior LA wall). Ablation end-
points were (i) lack of local pace capture and (ii) bidirectional conduction
block over linear lesions.14,15

Ablation of the right atrial isthmus was only performed in case of docu-
mented/induced typical atrial flutter.

Implantable cardiac monitor implantation

procedure
At the end of the procedure, an ICM (Reveal LINQ) was inserted sub-
cutaneously in a left parasternal position. Patients were instructed in the
use of the patient assistant, a hand-held activator to activate the ICM in
case of acute symptoms. Besides, patients were introduced to the patient
monitor, the communication device that remotely forwards monitoring
information out of the ICM to the telemedicine platform every night. The
ICM is able to detect AF episodes >_2 min. Besides detecting AF, the de-
vice is able to detect other arrhythmias, where the following criteria
were used: asystole, defined as an R-R pause of >_4.5 s; and tachycardia,
defined as R-R intervals <_400 ms (>_150 bpm).

Post-procedural management
Antiarrhythmic medication was routinely discontinued, and patients re-
mained on b-blocker only. In case of recurrences, antiarrhythmic drugs
were re-initiated upon individual clinical decision.

Oral anticoagulation was continued for at least 3 months and there-
after according to CHA2DS2-VASc score with deviations upon patient
and physician’s discretion.

Implantable cardiac monitor-based follow-up

and rhythm assessment
During follow-up telemedicine staff manually evaluated all automatically
transmitted episodes and ensured full episode transmission coverage by
individual patient contact with add-on manual transmissions if needed.
Episodes were manually classified from the EGM as AF, atrial tachycardia,
SR, asystole, tachycardia, or no available EGM.

Automatic device reported AF episodes and manually adjudicated epi-
sode diagnoses were used to calculate positive predictive value (PPV) of
device-detected AF episodes, using the manually adjudicated episode as
standard. PPV was compared between three different device-program-
mable AF detection durations (>_2, >_6, and >_10 min).

The date, time, and length of each episode were used to describe AF
recurrences, introducing four different methodological approaches of
rhythm assessment:

(1) Atrial fibrillation recurrence rates were calculated from a Kaplan–
Meier survival analysis implementing a 3 month blanking period
using every automatically detected and manually confirmed AF epi-
sode as a recurrent event.

(2) On a ‘per month’ analysis the proportion of patients with any AF
episode was assessed discontinuously within each post-
interventional month.

(3) Total AF-burden was calculated for the entire follow-up period.
Burden calculation incorporated all automatically detected AF epi-
sodes. Patients were aggregated into the following burden catego-
ries: 0%, >0 to <_0.01%, >0.01 to <_0.1%, >0.1 to <_1%, >1% to

What’s new?

• This is the first complete and continuous post-ablation rhythm
monitoring incorporating every single arrhythmia episode in
419 patients over 15months.

• Patients with exclusive short arrhythmia episodes (<6min)
were extremely rare.

• Patients exhibit distinctly different post-ablation rhythm pro-
files. Our first-time observation of extended healing phases (up
to 6months) impacts success rate assessment as well as every-
day clinical management.

• True outcome differences between paroxysmal and persistent
patients were smaller than expected, due to the impact of sub-
clinical atrial fibrillation (AF) recurrences in formerly persistent
patients.

• Outcome definition significantly impacts success rate. It varied
by almost 40% depending on the methodology of rhythm
assessment.

• We suggest AF detection duration >6min and AF burden
>0.1% as a standardized, objective and easy to obtain outcome
definition for AF studies to come in the future.
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<_10%, and >10%. AF-burden <_0.1% (<_10min/week) was defined as
subclinical AF.

(4) Patients with >18months of follow-up were divided into 6 groups
of individual rhythm profiles: (i) complete freedom from AF, (ii)
<3months healing period, (iii) 3–6months healing period, (iv) late
single cluster recurrence (isolated AF cluster within 1 week
>6months after ablation), (v) late ongoing failures >12months after
ablation, and (vi) immediate and continuous failures.

Statistics
Categorical variables were reported as count and percentages and con-
tinuous variables as mean and standard deviation if normally distributed
otherwise as median with interquartile range. Comparison of continuous
data were performed using a student’s t-test if normally distributed other-
wise Wilcoxon signed-rank test, and the v2 test was used to compare cat-
egorical data. Recurrence rates of AF were reported with Kaplan–Meier
plots for different detection durations (>_2, >_6, and >_10 min). All statis-
tical analyses were performed using STATA (12.1). A P-value of <0.05
was considered statistically significant.

Results

Study cohort
We included 419 consecutive patients [224 (53%) with paroxysmal
AF] followed up by continuous rhythm monitoring for 15± 6 months.
Baseline characteristics are shown in Table 1.

At 3 months follow-up 21 (5%) patients were on antiarrhythmic
medication and 155 (37%) were on b-blockers. At 6 months follow-
up and thereafter proportions did not change significantly, 11 (3%)
patients on antiarrhythmic drugs and 145 (35%) patients on
b-blockers.

During the study period, 70 (17%) patients received electric cardi-
oversion at a median 1 month (interquartile range, 1 to 3) post-abla-
tion. Eighteen (4%) patients had a second and 3 (0.7%) patients a
third cardioversion.

Re-ablation was performed in 22 (5%) patients after a median
8 months (interquartile range, 5 to 13) and terminated study follow-
up in those patients.

Device detection performance
The devices transmitted a total of 43 673 automatically detected AF epi-
sodes. Of these, 16 964 (39%) were without EGM, 7884 (18%) were
manually classified as SR, and 18 819 (43%) truly showed AF (Table 2).

Increasing detection duration from >_2 to >_6 min and >_10 min led
to a >50% decrease in total episode count, episodes without EGM,
and episodes with false-positive AF detection (Table 3). The PPV of
device-detected AF episodes changed significantly for the different
detection durations (70.5% for >_2 min, 81.8% for >_6 min, and 85.9%
for >_10 min, Table 3).

Rhythm assessment I: continuous
recurrence analysis
Using a 3 months blanking period, 227 (54%) patients experienced at
least one episode of AF recurrence >_2 min during follow-up. Increasing
duration to >_6 and >_10 min, proportions decreased to 198 (47%)
patients (P = 0.045) and 191 (46%) patients (P = 0.013), respectively.

Twenty-nine patients had exclusive episodes between 2 and 6 min,
17 of these had only one episode, 10 patients had 2–5 episodes and 2
patients had >5 episodes (10 and 12).

Figure 1 shows time to first AF recurrence with >_2, >_6, and
>_10 min detection duration. One-year freedom from AF episode

.......................................................................................................................................................

....................................................................................................................................................................................................................

Table 1 Baseline characteristics of all patients and patients with persistent and paroxysmal AF

Baseline characteristics

All

(n 5 419)

Paroxysmal

(n 5 224)

Persistent

(n 5 195)

P-value

Age (years) 65 ± 10 63 ± 11 67 ± 10 <0.001

Male gender 237 (57%) 127 (56%) 111 (57%) 0.89

BMI 28.9 ± 5 28.6 ± 5 29.3 ± 6 0.14

Hypertension 314 (75%) 157 (70%) 157 (81%) 0.014

DM 78 (19%) 30 (13%) 48 (25%) 0.003

CAD 70 (17%) 37 (16%) 33 (17%) 0.91

RF 18 (4%) 7 (3%) 11 (6%) 0.21

ICM 6 (1%) 0 (0%) 6 (1%) 0.008

DCM 14 (3%) 1 (0.5%) 13 (7%) <0.001

Stroke 28 (7%) 15 (7%) 13 (7%) 1.0

CABG 6 (1%) 3 (1%) 3 (2%) 0.86

Valve surgery 6 (1%) 3 (1%) 3 (2%) 0.86

CHA2DS2-VASc score 2.4 ± 1.5 2.1 ± 1.5 2.7 ± 1.5 <0.001

LVEF (%) 57 ± 9 59 ± 7 55 ± 11 <0.001

LA diameter (cm) 44 ± 6 43 ± 6 46 ± 6 <0.001

Low voltage zone areas 105 (26%) 23 (10%) 82 (43%) <0.001

BMI, body mass index; CABG, coronary artery bypass graft; CAD, coronary artery disease; DCM, dilative cardiomyopathy; DM, diabetes mellitus; ICM, ischaemic cardiomyop-
athy; LA, left atrium; LVEF, left ventricular ejection fraction; RF, renal failure.
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was 48% [95% confidence interval (CI) 43–53] with >_2 min, 54%
(95% CI 49–59) with >_6 min, and 56% (95% CI 50–60) with >_10 min
detection duration, respectively.

Comparing patients with paroxysmal and persistent AF 1 year
freedom from AF >_2 min was 56% (95% CI 49–62) for paroxysmal
and 40% (95% CI 32–47) for persistent AF.

Rhythm assessment II: discontinuous
recurrence analysis
Calculating monthly recurrence rates, 53% experienced one AF
episode >_2 min during the 1st post-procedural month, which
declined to 31% and 26% at 2nd and 3rd post-procedural month.
During further follow-up, the proportion of patients showing AF

..........................................................................................................................................................................

....................................................................................................................................................................................................................

Table 2 All automatically detected episodes by the ICM and the observer adjudicated diagnoses

Observer adjudication

ICM diagnose SR AF/AT Pause Tachycardia No EGM Total

AF 7884 18 819 6 0 16 964 43 673

AT 7035 1830 0 0 7893 16 758

Asystole 4898 214 328 0 1351 6788

Tachycardia 707 1758 0 195 1009 3669

Symptom 317 151 0 5 1 474

Total 20 838 22 772 334 200 27 218 71 362

AF, atrial fibrillation; AT, atrial tachycardia; EGM, electrogram; ICM, implantable cardiac monitor; SR, sinus rhythm.

....................................................................................................................................................................................................................

Table 3 Episode-based PPV, proportion of episodes without EGM, and total AF episode count analysed for the three
different AF detection durations

AF detection duration AF No AF PPV (%) P-value No EGM Total

>_2 min 18 819 7890 70.5 16 964 43 673

>_6 min 11 903 2645 81.8 <0.001a 7076 21 624

>_10 min 9751 1604 85.9 <0.001a 4292 15 647

AF, atrial fibrillation; EGM, electrogram; PPV, positive predictive value.
aP-value for PPV comparison between >_2 min and >_6 to >_10 min detection durations.

Figure 1 Continuous recurrence analysis: time to first AF episode >_2, >_6, and >_10 min, after a 3 month blanking period. AF, atrial fibrillation.
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episodes within a given month remained stable at around 10–25%
(Figure 2).

Rhythm assessment III: atrial fibrillation-
burden analysis
Atrial fibrillation-burden analysis according to the predefined catego-
ries is presented in Table 4. Overall the percentage of patients with
no or only subclinical AF burden was 68%, 69%, and 69% for >_2, >_6,
and >_10 min detection durations, respectively (P = 0.77 for >_2 min
vs. >_6 min and P = 0.6 for >_2 min vs. >_10 min).

Comparing patients with paroxysmal and persistent AF, the ana-
lysis shows no or only subclinical AF in 72% and 63%, respectively.

Rhythm assessment IV: individual
rhythm profiles
A total of 150 patients (86 paroxysmal, 64 persistent) were followed
up for >18 months. According to the 6 individual rhythm profiles, 37
(25%) patients had complete freedom from AF (profile A), 33 (22%)
patients experienced a healing period <3 months (profile B), 6 (4%)
patients had a prolonged healing phase of 3–6 months (profile C), 13

(9%) patients had a late single cluster recurrence (profile D), 8 (5%)
patients were late on-going failures (profile E), and 53 (35%) patients
were continuous failures (profile F). From such a clinical perspective,
all but the last two patient groups (profile E or F) were successfully
treated. Figure 3 provides case examples of the various rhythm
profiles.

Patients with persistent AF patients were less often successfully
treated with 29/64 (45%) showing failure profiles E or F when
compared with 28/85 (32%) of the paroxysmal patients. In case of
treatment success patients with persistent AF were underrepre-
sented in rhythm profile A (complete freedom from AF) and
showed an overrepresentation among more complex rhythm
profiles C and D (prolonged healing phase and late single cluster
recurrences) (Table 5).

Adverse events
Ablation related complications occurred in 26 (6.2%) patients. We
experienced a case of telemedicine-detected oesophageal-pericardial
fistula (0.2%) that was treated with an intra-oesophageal stent and a
single incidence of cardiac tamponade (0.2%). The remaining

100%

90%

80%
195

290

224
20

109

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24
419 419 419 418 396 374 355 336 324 313 297 279 266 244 223 203 175 150 124 106 84 63 44 24

8

99

11

89

8

90

5

85

2

79

7

71

5

77

1

74

5

70

1

57

0

52

2

49

0

44

2

38

1

25

0

22

1

17 16 11

12

0
0

0

0

6

0

3

312 318 298 284 274 258
242 238 222

221 214 193 179 163
149 128 106 90 73

51

38 21

70%

60%

50%

40%

Patients without AF

Patients with AF, but
no AF in prev. months

Patients with AF

Month of follow-up
amount of patients

30%

20%

10%

0%

Figure 2 Discontinuous monthly recurrence analysis: proportion of patients with any AF episode (>_2 min) assessed within each of the 24 post-
interventional months. Patients with ‘de novo recurrences’ are shown in red. AF, atrial fibrillation.
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complications were femoral pseudoaneurysms (n = 17, 4%) and small
arteriovenous fistulas (n = 7, 1.7%).

Implantable cardiac monitor related complications occurred in
three patients (0.7%), two patients had a mild pocket haematoma
and in one patient the device dislodged out of the pocket.

Discussion

Main findings of the study
The present study reports device detection performance, recurrence
patterns and ablation outcome using a new generation ICM in a large
AF ablation cohort.

Our data question the need to monitor AF episodes <6 min after
AF ablation. Longer detection durations improve episode PPV, re-
duce total episode count, and do not neglect relevant clinical
information.

Our data illustrate the dependency of reported success rates from
the method of rhythm assessment. With four different approaches,
our single procedure success varied between 46% and 79%.

For future AF studies, we suggest AF detection duration >6 min
and AF burden >0.1% as a standardized outcome definition.

Device detection performance
Previously Sanders et al.12 investigated the performance of the Reveal
LINQ in the LINQ Usability Study. Besides a high sensitivity (98.4%)
and specificity (99.5%) they reported an episode-based PPV of 74.8%,
which is in line with our data.

This indicates a significant technological advancement compared
with previous ICM, including the Reveal XT, and the Confirm ICM,
which had episode-based PPVs ranging from 39% to 64%.12,16

We showed that longer AF detection durations (>_6 and >_10 min)
improve the episode-based PPV from 70.5% to 81.8% and 85.9%.

What is the optimal atrial fibrillation
detection duration?
Apart from stronger detection performance, longer detection dur-
ations reduced (>50%) the overall transmitted episodes and the

proportion of episodes without EGM. That reduces workload and
the need for manual episode adjudication in a clinical setting.

The clinical relevance of detecting very short AF episodes (>_2 to
<6 min) also seems debatable with our data:

(1) Only few patients had exclusively short episodes. Around 90% of
patients with AF, also exhibited episodes longer than 6 or 10 min.

(2) Among patients with exclusively short episodes the absolute epi-
sode count was low (median of 1), so the relevance in terms of
symptoms and thromboembolic risk appears questionable.

(3) Atrial fibrillation burden assessment for different detection dur-
ations (>_2, >_6, and >_10 min) revealed similar proportions of rele-
vant burden.

Taking into account that until today only atrial high rate episodes
>_6 min, without clinical AF are associated with thromboembolic
events,17 our data further questions the relevance of detecting even
shorter arrhythmia episodes.

What is the optimal assessment of atrial
fibrillation ablation outcome?
The assessment of ablation outcome does not only determine re-
ported success rates, it also triggers clinical decisions—today for anti-
arrhythmic treatment and re-ablation, in the future potentially for
anticoagulation.

Outcome assessment is challenged by the following (i) asymptom-
atic recurrences, (ii) short episodes, (iii) various follow-up durations
due to re-ablation timing, and (iv) individual healing durations and
other post-ablation recurrence patterns.

Depending on the method of electrocardiogram (ECG) monitor-
ing, significant differences between discontinuous and continuous
monitoring are expected.

In our present study, we used four different approaches to assess
ablation outcome from the same data retrieved during continuous
monitoring: (i) continuous recurrence analysis, (ii) discontinuous re-
currence analysis, (iii) AF-burden analysis and (iv) analysis of individual
rhythm profiles.

The continuous recurrence analysis is the most rigid measure
of outcome. Every episode beyond the blanking period is counted.

....................................................................................................................................................................................................................

....................................................................................................................................................................................................................

Table 4 Atrial fibrillation-burden analysis: the proportion of patients within six predefined burden categories is shown
for AF detection durations �2 min (all patients, paroxysmal AF, and persistent AF) and AF detection durations �6 min
and �10 min (all patients)

AF burden category All patients

(n 5 419)

Paroxysmal AF

(n 5 224)

Persistent AF

(n 5 195)

All patients

(n5 419)

All patients

(n 5 419)

�2 min �2 min �2 min �6 min �10 min

0% 181 (43.2%) 112 (50.0%) 69 (35.4%) 218 (52.0%) 227 (54.2%)

>0 to <0.01% (<1 min/week) 56 (13.3%) 29 (12.9%) 27 (13.8%) 25 (6.0%) 22 (5.3%)

>0.01 to <0.1% (<10 min/week) 47 (11.2%) 21 (9.4%) 26 (13.3%) 45 (10.7%) 42 (10.0%)

No or subclinical AF burden 284 (68%) 162 (72%) 122 (63%) 288 (69%) 291 (69%)

>0.1 to <1% (<1.7 h/week) 73 (17.4%) 36 (16.1%) 37 (19.0%) 71 (16.9%) 69 (16.5%)

>1 to <10% (<17 h/week) 52 (12.4%) 24 (10.7%) 28 (14.4%) 50 (11.9%) 49 (11.7%)

>10% 10 (2.4%) 2 (0.9%) 8 (4.1%) 10 (2.4%) 10 (2.4%)

Clinical AF burden 135 (32%) 62 (28%) 73 (37%) 131 (31%) 128 (31%)

AF, atrial fibrillation.
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Figure 3 Case examples of the six individual rhythm profiles (A–F). AF, atrial fibrillation; AT, atrial tachycardia.
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In our cohort, 46% of all patients were free from any AF episode
>_2 min. Scientifically this method of outcome assessment may be
considered the most accurate one. However, it does not incorporate
individual recurrence pattern such as prolonged healing phases, and
therefore over-reports failures. In addition, it over-weighs subclinical
AF recurrences with rare and short episodes. Especially for persistent
AF such an analysis may be misleading.

The monthly recurrence analysis is a maximum version of discon-
tinuous monitoring - similar to serial 30 days Holter-ECG recordings.
In our cohort, 79% of the patients were free from any AF during the
12th month after ablation. This method is closest to current clinical
practice with serial Holter recordings of various durations. Due to its
discontinuous nature patients with rare or cluster episodes may be
falsely classified as treatment success.

Burden analysis allows for a continuous assessment over the entire
follow-up duration without over-weighing subclinical AF recurrences
with rare and short episodes. This outcome assessment resembles
quantitative burden analysis and stroke risk calculations used in pace-
maker and defibrillator studies in the past.18–20 Moreover, it is not af-
fected by individual recurrence patterns like prolonged healing or
single late recurrences and it is not influenced by different detection
durations. In our cohort, 68% of all patients were free from a clinical
relevant AF burden after a single procedure. Such an assessment re-
quires a definition of clinical and subclinical AF. We decided to use
10 min AF/week (AF burden <_0.1%) as the clinical/subclinical AF bur-
den cut-off. That number, however, can be debated. Pokushalov et
al.8 considered patients with AF <_50 min/week (AF-burden <0.5%)
as ablation success. In a large device cohort Boriani et al.18 reported
on 1 h of AF per day (7 h/week) as the AF burden that incrementally
increases the annual thromboembolic risk by 3%—for each hour
added.

The analysis of different rhythm profiles represents the outcome
assessment with the closest link to therapeutic decisions. The defin-
ition of the six individual rhythm profiles resulted from the observa-
tion, that clinical ablation outcome is not binary, but rather follows a
multifactorial clinical course determined by substrate, ablation, lesion
recovery, arrhythmia healing, and disease progression. Our study
shows that a relevant number of patients had prolonged healing
phases up to 6 months or late single cluster recurrences—both,
however, overall successfully treated patients.

Outcome in patients with paroxysmal
and persistent atrial fibrillation
Outcome of catheter ablation in patients with persistent AF is con-
sidered inferior when compared with patients with paroxysmal AF.

Using continuous rhythm assessment from a Kaplan–Meier survival
analysis with 3 months blanking our data show freedom from AF epi-
sode >_2 min in 54% of paroxysmal and 37% of persistent AF patients.

However, the inability of a Kaplan–Meier survival analysis to ac-
count for prolonged healing phases and subclinical AF recurrences
has been discussed. Especially in patients with persistent AF both situ-
ations were more frequently observed.

Assessment of ablation outcome through AF-burden analysis is
more robust against these two limitations. In our cohort, 72% of par-
oxysmal and 63% of persistent AF patients were free from a clinically
relevant AF burden. That gives a 26% better ablation outcome in pa-
tients with persistent AF when compared with the Kaplan–Meier ana-
lysis, and the outcome difference between paroxysmal and persistent
patients decreased from 17% to only 9%.

These data indicate, that apart from ablation strategies the method
of rhythm assessment fundamentally influences the outcome re-
ported in clinical AF ablation trials—with probably an even larger im-
pact in trials on persistent AF.

Limitations
This study is a non-randomised observational study. Our data were
collected in a cohort of post-ablation patients treated with a specific
ablation concept. Therefore, they cannot be generalized to other
groups of patients with AF.

The device only detects AF >_2 min. Episodes with shorter dur-
ations will occur unrecognized. However, exclusively short AF epi-
sodes (>30 s to <2 min) seem to be a very rare phenomenon
without impact on AF burden or clinical risks. The LINQ Usability
Study reported such Holter detected episodes in only 1% of the
patients.12

The overall presence of AF episodes without EGM impairs the as-
sessment of detection performance metrics and the AF-burden ana-
lysis. Due to the possibility of unrecognized false positive AF
detection, the episode-based PPV may differ and the AF burden will
be slightly overestimated.

Electrical cardioversions represent a potential bias to assessment
of burden. However, the absolute number was low and predomin-
antly performed within the healing phase. Only 5% of the patients
needed repeat cardioversions and all of them had documentation of
an overall clinical relevant AF-burden.

Furthermore, definitions of recurrence and outcome derived from
the present study are only applicable in patients with implant-based
continuous monitoring after AF ablation.

Conclusion

Our study supports recently published data on improved detection
performance metrics compared with previous ICM device
generations.

Analysis of duration, timing and distribution of >43 000 automatic
AF episodes showed an incremental improvement of device per-
formance using longer detection durations (>_6 and >_10 min) and

......................................................................

.................................................................................................

Table 5 Distribution of all, paroxysmal, and persistent
AF patients within the six groups of individual rhythm
profiles

Patients Individual rhythm profiles

All A B C D E F

All 150 37 33 6 13 8 53

Paroxysmal AF 86 25 20 3 6 4 28

Persistent AF 64 12 13 3 7 4 25

% persistent AF 43% 32% 39% 50% 54% 50% 47%

A indicates complete freedom from AF, B indicates healing period <3 months, C
indicates prolonged healing period of 3–6 months, D indicates late single cluster
recurrences, E indicates late on-going failures, and F indicates immediate and con-
tinuous failures.
AF, atrial fibrillation.
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questioned the need to monitor very short post-ablation AF epi-
sodes (>_2 min to <6 min).

Applying four different methods of outcome assessment revealed
a large variation (46–79%) in treatment outcome depending on the
definition of success. Individual post-ablation rhythm characteristics
and a relevant amount of only subclinical AF added to this
inconsistency.

We suggest AF detection duration >6 min and AF burden >0.1%
as a standardized, objective and easy to obtain outcome definition for
AF studies to come in the future.
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