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Abstract

Background Aged patients are underrepresented in clinical trials on catheter ablation of atrial fibrillation (AF). In addition,
results of outcomes after repeat ablation in the elderly are lacking. We report the results of first repeat AF ablation procedures
of aged patients from a real-world multicenter prospective registry.

Methods Patients undergoing second AF ablation included in the prospective, multicenter German Ablation Registry were
divided in two groups (age > 70 years (group 1) and age <70 years (group 2)) and analyzed for procedural characteristics
and clinical follow-up.

Results 738 patients were analyzed (108 patients in group 1, 630 patients in group 2). Significantly more aged patients had
structural heart disease (56 patients (51.9%) vs. 203 patients (32.2%), p <0.001). The majority of the patients underwent
repeat pulmonary vein isolation (101 patients (93.5%) vs. 593 patients (94.1%), p=0.98). More aged patients underwent
ablation of left atrial linear lesions (78.1% vs. 57.3% of all linear lesions, p=0.027). There was no difference in the occur-
rence of peri-procedural complications (7 patients (6.5%) vs. 24 patients (3.8%), p=0.30). Recurrence of atrial arrhythmias
was documented in 45/105 (42.9%) and 252/603 (41.8%) patients with available follow-up in groups 1 and 2 after a median
of 447 (400; 532) and 473 (411; 544) days (p =0.84). A comparable amount of patients were asymptomatic or reported
symptom improvement after repeat ablation in both groups (80% (80/100) in group 1 and 77% (446/576) in group 2; p =0.57).
Conclusion Repeat ablation for AF in elderly patients can be performed with safety and efficacy comparable to younger
patients.
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Introduction

Catheter ablation has emerged as an established approach
to treat patients suffering from symptomatic atrial fibrilla-
tion (AF) [1]. The incidence of AF is increasing with age
progression and the number of aged patients undergoing
AF ablation is rising continuously [2]. AF ablation was
demonstrated to be safe and effective with radiofrequency
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current (RF) and cryoballoon based (CB) ablation in elderly
patients [4—-6]. Albeit PVI-based ablation approaches have
a high likelihood for the need of repeat ablation procedures
to prevent recurrence of atrial tachyarrhythmias [6, 7], to
our knowledge, there are no data in larger patient cohorts on
the characteristics, safety and efficacy of repeat ablations in
aged patients, yet.

This study sought to analyze safety and efficacy of first
repeat AF ablation procedures in elderly patients which were
followed in the large prospective, multicenter German Abla-
tion Registry.
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Methods
Registry structure and management

The German Ablation Registry (NCT01197638) is a pro-
spective, multicenter non-profit registry under supervision
of the “Institut fiir Herzinfarktforschung” (IHF, Ludwig-
shafen, Germany). The study was approved by local ethic
boards of all participating centers. Project development
and management, data acquisition and clinical monitor-
ing were organized by the IHF. Fifty-five centers enrolled
patients from January 2007 to January 2010. Patients gave
written informed consent for procedure and registry par-
ticipation. Data acquisition was conducted on a website-
based platform, as previously published [8].

Patient selection

Patients undergoing first repeat ablation due to arrhyth-
mia recurrence after previous AF ablation were enrolled.
Patients undergoing AV node ablation were excluded
from the analysis. Patients were divided into two groups
according to their age (group 1 > 70 years and group 2
<70 years).

Ablation procedures and post-procedural care

Ablation procedures were performed according to insti-
tutional standards at the participating centers. Patients
underwent transesophageal echocardiography (TEE)
prior to the ablation procedure. Oral anticoagulation with
vitamin-K antagonists was stopped before ablation pro-
cedure and replaced with low molecular-weight heparin.
During procedures an activated clotting time (ACT) of
250-300 s was aimed. Procedures were performed under
deep sedation using midazolam, sufentanil and/or con-
tinuous propofol infusion. The use of pre-interventional
and intraprocedural imaging systems (cardiac computed
tomography, cardiac magnetic resonance imaging, intra-
cardiac echocardiography), the use of a 3D mapping sys-
tem (CARTO or NavX) and the ablation system (radiof-
requency (RF) or cryoballoon (CB) ablation) were at the
discretion of the operators. The standard ablation proto-
col included assessment of PV isolation and re-ablation
in case of PV reconnection to achieve persistent electrical
disconnection of the PVs from the left atrium (LA). Addi-
tional ablation strategies including the creation of right
atrial (RA) and LA linear lesions including block of the
cavo-tricuspid isthmus (CTI), or ablation of complex frac-
tionated atrial electrograms (CFAEs) were at the discretion

of the operator. The post-procedural anticoagulation man-
agement and anti-arrhythmic drug therapy (AAD) were
conducted according to local standards.

Complications were categorized in severe, moderate and
minor complications (see Supplement Table 1 for further
details).

Clinical follow-up

Follow-up was conducted according to local standards and
included patient visits, ECG and Holter-ECG recordings.
Additionally, a centralized telephonic follow-up was con-
ducted after 12 months using a standardized protocol ques-
tioning the incidence of adverse events, arrhythmia recur-
rence, repeat ablations, symptoms and patients quality of
life. Patients subjective perception of the ablation therapy
was questioned and defined as successful, partly successful,
or unsuccessful.

In case of arrhythmia recurrence documentation of the
ECG or medical treatment was obtained. Adverse events
(AE) were categorized in serious, moderate and related to
the repeat ablation procedure (see Supplement Table 2).

Statistics

Continuous data are summarized as mean and standard
deviation or median plus interquartile range (IQR; first and
third quartile) in case of skewed data. Categorical data are
presented as absolute and relative frequencies. Differences
between the patient groups were compared with a Chi-square
test or Mann—Whitney—Wilcoxon test. The Kaplan—Meier
method was used to calculate 12-month event-rate of MACE
(composite endpoint of death and myocardial infarction),
MACCE (composite endpoint of death, myocardial infarc-
tion and stroke) and quality endpoints (composite endpoint
of death, myocardial infarction, stroke and major bleeding).
A log rank test was used to compare incidences of MACE,
MACCE and quality endpoints. Statistical calculations
were based on available data and cases at the timepoint of
follow-up.

Results
Patient population and baseline characteristics

A total of 738 patients undergoing first repeat ablation were
analyzed (Group 1 =108 patients > 70 years, group 2 =630
patients <70 years). Median ages were 73 (71; 75) and 61
(53; 66) years (p <0.001) and group 1 consisted of signifi-
cantly more females (41 (38.0%) vs. 174 (27.6%) patients,
p <0.001). The underlying arrhythmia leading to repeat
ablation was paroxysmal AF in 60 (55.6%) and 397 (63.0%)
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patients (p=0.14) and persistent AF in 48 (44.4%) and 233
(37.0%) patients (p=0.14) in groups 1 and 2, respectively.
Significantly more patients in group 1 suffered from coro-
nary artery disease and valvular heart disease was signifi-
cantly more common in the elderly patients (31 (28.7%) and
17 (15.7%) patients vs. 88 (14.0%) and 50 (7.9%) patients,
p <0.001 for each parameter). There were more patients
with dilated or hypertrophic cardiomyopathy in group 2 (0
(0.0%) vs. 28 (4.4%) patients, p <0.001). Group 1 patients
had did significantly more often a pacemaker, implantable
cardioverter defibrillator (ICD) or cardiac resynchronization
therapy (CRT) device (15 (13.9%) vs. 31 (4.9%) patients,
p<0.001). Table 1 gives an overview of patients baseline
data.

Procedural parameters

Most patients underwent repeat ablation using RF ablation
(698/738 patients, 94.6%). There was a statistical trend for a
more frequent use of cryoballoon ablation in group 2 (2/108
(1.9%) patients in group 1 and 38/630 (6.0%) patients in
group 2, p=0.076). There were significantly less patients
in group 1 undergoing manual catheter navigation (77/83
(92.8%) vs. 424/430 (98.6%) patients, p=0.001) due to a
significantly more frequent use of magnetic navigation in
group 1 (5/83 (6.0%) vs. 5/430 (1.2%) patients, p=0.003).
In 1 patient of group 1 the method of catheter navigation
was unknown and in an additional patient of group 2 abla-
tion was performed using remote robotic navigation. Repeat
ablation was performed under deep sedation in a comparable

amount of the patients in group 1 and 2, respectively (97.6%
(81/83) and 96.6% (402/416); p=0.65). The remaining
patients underwent repeat ablation without sedation in 1.2%
(1/83) and 2.4% (1/416) (p=0.50), with invasive ventilation
in 0% and 0.7% (3/416) (p=0.44) and an undetailed sedation
method in 1 patient of each group (p =0.20).

A similar amount of patients underwent repeat PVI due
to reconduction to the PVs in groups 1 and 2, respectively
(101 (93.5%) vs. 593 (94.1%) patients, p=0.98). Circum-
ferential repeat PVI was conducted in 85 (78.7%) and 491
(77.9%) and segmental repeat PVI in 16 (14.8%) and 102
(16.2%) patients. The patients underwent additional RA and
LA linear lesion ablation in 32 (29.6%) and 164 (26.0%) and
CFAE ablation in 30/99 (30.3%) and 131/542 (24.2%) of the
cases in groups 1 and 2 (p=0.43 and p =0.20). There was a
significantly higher amount of patients undergoing ablation
of linear lesions in the LA in the older patient group (25/32
(78.1%) vs. 94/164 (57.3%), p=0.027). The procedural data
are depicted in Table 2.

Acute procedure related complications
during hospital stay

There was no significant difference in the incidence of
severe, moderate and minor complications between the two
groups (Table 2; Fig. 1). The total incidence of complica-
tions was 6.5% (7 patients with complications) and 3.8% (24
patients with complications) in groups 1 and 2 (p =0.30).
Details of the incident complications are shown in Table 2

Table 1 Baseline patient

T Variable >70 years (n=108) <70 years (n=630) p value
characteristics
Age (years) 73 [71;75] 61 [53; 66] 0.029
Female gender 41 (38.0) 174 (27.6) 0.029
Type of AF
Paroxysmal 60 (55.6) 397 (63.0) 0.14
Persistent 48 (44.4) 233 (37.0) 0.14
LVEF normal® 76 (91.6) 467 (87.5) 0.37
CAD 31(28.7) 88 (14.0) <0.001
Cardiomyopathy 0(0.0) 28 (4.4) 0.026
Dilated cardiomyopathy 0(0.0) 18 (2.9) -
Hypertrophic cardiomyopathy 0(0.0) 10 (1.6) -
Valvular disease 17 (15.7) 50(7.9) 0.009
Diabetes mellitus 10 (9.3) 40 (6.3) 0.27
Cardiac pacemaker 15 (13.0) 31 (4.0) <0.001
ICD 1(0.9) 6 (1.0) 0.98
CRT 1(0.9) 0(0.0) 0.016

Values are medians [25th, 75th percentile], or n (%)

AF atrial fibrillation, CAD coronary artery disease, CRT cardiac resynchronization therapy, /CD implant-
able cardioverter defibrillator, LVEF left ventricular ejection fraction, RF radiofrequency

“Defined as LVEF > 50%
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Table2 Procedural data Variable >70 years (n=108) <70 years (n=630) p value
Procedure duration (min) 150 [120; 205] 160 [115; 210] 0.77
Fluoroscopy duration (min) 24 [16; 37] 27 [18; 45] 0.088
Radiation dose (cGy cm?) 2666 [1426; 6135] 3390 [1809; 6238] 0.079
Mode of recurrence
AF 108 (100) 630 (100) 1.0
Atrial tachycardia 0(0.0) 2(0.3) 0.56
Ablation technology
RF 106 (98.1) 592 (94.0) 0.076
Cryoballoon 2(1.9) 38 (6.0) 0.076
Ablation strategy
Repeat PVI 101 (93.5) 593 (94.1) 0.98
CFAE ablation 30 (30.3)* 131 (24.2)* 0.20
Linear lesions 32 (29.6) 164 (26) 0.43
Left atrial linear lesions 25/32 (78.1) 93/164 (57.3) 0.027
Right atrial linear lesions 15/32 (46.9) 98/164 (59.8) 0.18
CTI 14/15 (93.3) 91/98 (92.9) 0.95
Rhythm at start of procedure
Sinus rhythm 78 (72.2) 425 (67.5) 0.33
AF 30 (27.8) 205 (32.5) 0.33
Severe complication 1(0.9) 3(0.5) 0.56
Major bleeding requiring intervention 1(0.9) 3(0.5) 0.56
Moderate complication 4(4.4) 10 (1.8) 0.12
Transitoric ischemic attack 0(0.0) 0(0.0) 1.0
Cardiopulmonary resuscitation 0(0.0) 1(0.2) 0.68
Aneurysma spurium, AV fistula 2(1.9) 6(1.0) 0.40
Clinically relevant pericardial effusion/car- 1 (1.1) 2(0.4) 0.34
diac tamponade
High-degree AV block 0(0.0) 1(0.2) 0.68
Pulmonary vein stenosis, not significant 1(1.1) 0(0.0) 0.014
Minor complication 2(1.9) 11 (1.7) 0.90
Minor bleeding 2(1.9) 10 (1.6) 0.84
New AV block I° or II° 0(0.0) 1(0.2) 0.68

Values are medians [25th, 75th percentile], or %

AV atrioventricular, CTI cavo-tricuspid isthmus, PVI pulmonary vein isolation

“Data only available for 99 and 542 patients

[%]

@ >70years
@ <70 years

Moderate
complication

Severe complication

Minor complication

Fi

g.1 Incidences of periprocedural complications

and Fig. 1. No patient died during the procedure or the hos-
pital stay.

Arrhythmia recurrence and patients satisfaction
after repeat ablation

Clinical follow-up was available for 107 and 611 patients in
groups 1 and 2 (99.1% and 97.0% of the total patient popu-
lation, p=0.36). Median follow-up duration was 447 (400;
532) days in group 1 and 473 (411; 544) days in group 2
(p=0.10). Rhythm follow-up with ECG documentation was
available in 105 patients of group 1 (97.2%) and 603 patients
of group 2 (95.7%). Recurrence of atrial tachyarrhythmias
was documented in 45/105 (42.9%) and 252/603 (41.8%)
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of the patients in each group, which was statistically not
significant (p =0.84). A similar amount of patients in each
group underwent another repeat ablation procedure during
the follow-up period (19/105 (18.1%) and 104/603 (17.2%)
in groups 1 and 2, p=0.83) after a median of 285 (144;
376) and 208 (103; 331) days after the first repeat procedure
(p=0.050). At the end of the follow-up 40.8% (42/103) and
33.2% (191/576) of the patients were still on AAD therapy
(class I, IIT or IV). In group 1 significantly less patients were
on class I AAD, but significantly more patients on class III
AAD (10/103 (9.7%) vs. 104/576 (18.1%) patients on class
I, p=0.037; 28/103 (27.2%) vs. 86/576 (14.9%) patients
on class III AAD, p=0.002). In total, a comparable 35.0%
(36/103) and 42.0% (333/603) of the patients in groups 1 and
2 were without documented arrhythmia recurrence and off
AAD therapy at the end of the follow-up (p=0.17).

At the end of the follow-up a comparable amount of
patients stated to be free of arrhythmia-related symptoms
or to have symptom improvement in both groups (80/100
patients (80%) and 446/576 patients (77%) in groups 1 and
2; p=0.57). Additionally, a comparable amount of patients
with available data stated the ablation therapy to be success-
ful and partly successful (13/21 (61.9%) and 96/157 (61.1%)
patients in groups 1 and 2, p=0.95 and 6/21 (28.6%) and
38/157 (24.2%) patients in groups 1 and 2, p=0.66 stated
to have successful and partly successful ablation therapy,
respectively). Table 3 and Fig. 2 give an overview about the
follow-up data.

Patient survival and long-term safety

Kaplan—-Meier estimates of 366-day incidence for MACE
(death and myocardial infarction) was 0.9% and 0.2% (95%
CI 0.36-91.65, log-rank p=0.16, HR 5.73), for MACCE
(death, myocardial infarction and stroke) was 0.9% and 0.5%
(95% CI 0.20-18.41, log-rank p=0.57, HR 1.92) and for
quality endpoints (death, myocardial infarction, stroke and
major bleeding) was 1.9% and 1.3% (95% CI 0.31-6.79, log-
rank p=0.64, HR 1.44).

One death with unknown reason occurred during the
follow-up period in each patient group (0.9% and 0.2%
of all patients, p=0.69; Table 4). A total of 16 severe AE
occurred in both groups during follow-up with an overall
incidence of severe AE of 1.0% vs. 2.6% in groups 1 and 2 (1
major bleeding in group 1, 2 myocardial infarctions in group
2, 6 strokes in group 2 and 7 major bleedings in group 2,
p=0.32). In detail, there occurred numerically more strokes
in group 2 but the difference was not significantly different
(0/103 (0%) vs. 6/577 (1%) of the patients, p=0.30). Mod-
erate and late ablation procedure related AEs occurred in
5.4% (5/103)/0.0% (0/103) and 8.1% (38/472)/0.5% (3/579)
of the patients in group 1 and 2, which was statistically not
significantly different (p =0.39 and 0.46).

More patients in group 1 were still on oral anticoagulants
at the end of the follow-up (55/103 (53%) vs. 226/576 (39%)
patients, p=0.007), which did not result in a significantly
different amount of major or minor bleedings in the patient

Table 3 Clinical follow-up Variable >70 years (n=107)* <70 years (n=611)* p value
FU duration 447.0 [400.0; 532.0] 473.0 [411.0; 544.0] 0.10
Arrhythmia recurrence 45/105 (42.9) 252/603 (41.8) 0.84
Second repeat ablation procedure 19/105 (18.1) 104/603 (17.2) 0.83
Timepoint of second repeat ablation (n 285 [144; 376] 208 [103; 331] 0.050

days after first repeat ablation)
Rehospitalization during FU 53/103 (51.5) 249/578 (43.1) 0.11
AAD therapy at end of FU
Class I 10/103 (9.7) 104/576 (18.1) 0.037
Class I1I 28/103 (27.2) 86/576 (14.9) 0.002
Class IV 4/103 (27.2) 14/576 (14.9) 0.40
Digitalis 6/103 (5.8) 20/576 (3.5) 0.25
None 65/103 (59.2) 386/576 (66.8) 0.13
Anticoagulation at end of FU
ASS 28/103 (27.2) 156/576 (26.6) 0.90
Clopidogrel 4/103 (3.9) 11/576 (1.9) 0.21
Oral anticoagulation 55/103 (53.4) 226/576 (39.2) 0.007
Heparin, unfractionated 0(0.0) 1/576 (0.2) 0.67
Heparin, low molecular weight 3/103 (2.9) 1/576 (0.2) <0.001

Values are medians [25th, 75th percentile], or n (%)
A FU follow-up, AAD anti-arrhythmic drug
“Patient number diverges in case of missing follow-up data
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Fig.2 Clinical follow-u P=0.84 =
9 P A 50 P=0.17
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symptoms symptoms symptoms
C

[%]

Therapy successful

cohorts with 0.9% (1/108) and 0.5% (3/630) major bleedings
(p=0.56) and 1.9% (2/108) and 1.6% (10/629) minor bleed-
ings (p=0.84) in groups 1 and 2, respectively.

The total incidence of re-hospitalisation during follow-up
was not different between the two groups (51.5% and 43.1%,
p=0.11). The median time from discharge after repeat abla-
tion to re-hospitalisation was 214 (126; 357) and 202 (94;
346) days (p=0.74) and the reason for hospitalisation was
stated as cardiovascular cause in 73.1% and 71.9% in groups
1 and 2 (p=0.86). Table 4 gives an overview on follow-up
safety data.

Comparison of patients >75 and <75 years of age

Subgroup analysis of patients > 75 years of age (n=23) as
compared to patients <75 years of age (n=715) revealed
a significantly higher incidence of CAD (9/23 (39.1%) and
110/715 (15.4%) patients, p=0.002), history of myocar-
dial infarction (4/23 (17.4%) and 42/715 (5.9%) patients,
p=0.025) and of cardiac device carriers (9/23 (39.1%) and

@ >70years

@ <70 years

Therapy partly
successful

Therapy not
successful

37/715 (5.2%) patients, p <0.001). There was no significant
difference between procedural parameters, occurrence of
adverse events and follow-up parameters in patients >75
and <75 years of age except shorter duration of fluoroscopy
during procedures in patients > 75 years (19 (15; 32) vs. 27
(28; 44) min, p=0.049) and a higher amount of patients
being on oral anticoagulation during clinical follow-up in
the older patient group (16/22 (72.2%) and 265/657 (40.3%)
patients with available follow-up, p =0.002).

Discussion

This is the first report on real-world outcomes of first
repeat AF ablation procedures in elderly patients, assessed
in a large, prospectively enrolled multicenter patient
cohort. Our main finding is that repeat ablation can be
conducted safely in the elderly. Furthermore, repeat abla-
tion results in a comparable procedural success, patients
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Table 4 Follow-up safety
parameters

Variable >70 years (n=107) <70 years (n=611) p value
Death during FU 1(0.9) 1(0.2) 0.69
Death, unknown reason 1(0.9) 1(0.2) 0.69
Rehospitalisation 53 (51.1) 249 (43.1) 0.11
Duration to rehospitalisation (days) 214 [126; 357] 202 [94; 346] 0.74
Cardiovascular reason for rehospitalisation® 38/53 (73.1) 179/249 (71.9) 0.86
Severe AE® 1(1.0) 15 (2.6) 0.32
Myocardial infarction 0(0.0) 2(0.3) 0.55
Stroke 0(0.0) 6 (1.0) 0.30
Major bleeding requiring intervention 1(1.0) 7(1.2) 0.83
Moderate AE® 5(5.4) 38 (8.1) 0.39
Syncopy 0(0.0) 6(1.1) 0.30
Systemic embolism 0(0.0) 1(0.2) 0.67
Pulmonary embolism 1(1.0) 0(0.0) 0.018
Deep venous thrombosis 0(0.0) 2(0.4) 0.55
Cardiopulmonary resuscitation 0(0.0) 3(0.5) 0.46
Minor bleeding 0(0.0) 4(0.7) 0.40
Groin problem 3(3.2) 14 (2.8) 0.85
Coronary revascularisation 2(1.9) 11(1.9) 0.98
PCI 2/2 (100) 9/10 (90) 0.64
Coronary bypass grafting 0(0.0) 1/10 (10) 0.64
Ablation specific AE¢ 0(0.0) 3(0.5) 0.46
Phrenic nerve palsy 0(0.0) 2(0.3) 0.55
Atrio-esophageal fistula 0(0.0) 1(0.2) 0.68

Values are medians [25th, 75th percentile], or %

AE adverse event, FU follow-up, TIA transitoric ischemic attack

“Data only available for 52 and 249 patients
®Data only available for 103 and 577 patients
“Data only available for 92 and 472 patients
4Data only available for 103 and 579 patients

satisfaction and symptom improvement in aged patients as
compared to younger patients.

Catheter ablation in the elderly: current knowledge

The majority of patients investigated in large trials of AF
ablation are of younger age [6, 7] and data on AF ablation
in older patients are sparse. There is no unique definition
of an elderly patient but most studies used a cut-off value
between 65 and 75 [4-6, 9-12].

The majority of available studies reported on patient
cohorts with a limited number of individuals [4, 9, 11, 13].
A larger number of elderly patients was reported by the
German Ablation Registry which analysed the first attempt
of AF ablation in patients older than 75 years [5]. Two
studies reported on the feasibility of more complex abla-
tion strategies for the treatment of AF in elderly including
extensive ablation of CFAEs [14, 15].

@ Springer

Repeat ablations in the elderly patient

To achieve long-lasting clinical success rates after AF cath-
eter ablation repeat ablation procedures are often necessary,
in particular, in patients with persistent AF [6, 7]. In contrast
to the positive results of the above mentioned studies on AF
ablation in elderly patients, Bunch et al. found an associa-
tion between higher age and the likelihood of AF recurrence
after catheter ablation [16]. Therefore, data addressing the
procedural outcome and long-term data of repeat ablation
for AF in the elderly are needed.

PV-reconnection was seen in a comparable number
of patients in both groups and was the main driver of
arrhythmia recurrence after the initial ablation procedure
[6, 7]. However, aged patients in our study underwent sig-
nificantly more often ablation of linear lesions within the
LA in addition to repeat PVI as compared to the younger
patients. Since advanced age is associated with a higher
amount of atrial fibrosis in AF patients [17] this might
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explain why left atrial substrate modification was per-
formed more often in the older patients.

We found a comparable long-term effectiveness in older
and younger patients, which is in line with the majority of
studies on first ablation procedures for atrial fibrillation [4,
9, 12—14, 18]. Younger patients were more often on class I
and older on class III AAD therapy. This difference can be
attributed to the higher amount of structural heart disease
in the older patients of this study population. Our registry
assessed the patient’s satisfaction after repeat ablation and
found a comparable amount of patients that termed repeat
ablation as successful or at least partly successful and a
comparable amount of patients reporting on improvement
in subjective symptoms in both groups. Our data show that
catheter ablation even with repetitive ablation procedures
is a feasible treatment for symptom control in AF also for
elderly patients. This finding is of major importance since
there is a high likelihood to undergo a repeat procedure
after arrhythmia recurrence after catheter ablation.

Beneath these favorable results of repeat ablations in
older patients our data show that both, young and aged
patients had a high incidence of rehospitalisation after first
repeat ablation. Nearly half of the patients had hospital
admission during the first 12 months after repeat ablation
and nearly 20% of the patients underwent a second repeat
ablation procedure. This demonstrates the ongoing need to
improve the long-term efficacy of AF ablation and the need
for development of new approaches in AF treatment [19].

Safety of repeat ablation

Although in most studies AF ablation in older patients was
not associated with a higher complication rate, data about
the safety of AF ablation in the elderly are still conflicting
[3, 9-12, 20]. Studies found a higher incidence of peripro-
cedural thromboembolic events in aged patients [5, 18].
Data from the US Nationwide Inpatient Sample demon-
strated a higher incidence of periprocedural complications
in patients older than 80 years [20].

We did not find a statistically significant incidence
of overall periprocedural complications, in particular of
major complications, in the elderly as compared to younger
patients. Contrary to a previous report, which associated
extensive linear ablation with an increased risk of cardiac
tamponade [21], the incidence of cardiac tamponade was
not higher in older patients in our study, although older
patients had more often extensive ablations including left
atrial linear lesions. In summary, our study shows, that
repeat ablation, even when more extensive ablation is per-
formed, can be performed with a comparable complication
rate in the elderly.

Limitations

Data acquisition was conducted in a registry based on vol-
untary reports of procedural results and adverse events
and in a non-randomized fashion. Additionally, follow-up
was conducted according to local standards and we cannot
exclude an influence of heterogenous methods and qual-
ity of data acquisition on study results. Nevertheless, the
German Ablation Registry represents real-world data in a
large patient cohort and we report the so far largest patient
population in which repeat ablation and the influence of
ageing on safety and procedural efficacy was studied.
Since recent technological innovations like contact-force
catheters [22], the use of the second-generation CB [23],
laser balloon [24] or other advanced ablation techniques
like rotor-mapping [25] were not available during the
enrolment period of the registry, the influence of these
technological advances has to be addressed in further stud-
ies. Nevertheless, we show that AF ablation in the elderly
is effective and safe even without implementation of these
novel technologies.

Conclusions

Repeat catheter ablation for AF can be safely performed
in elderly patients with comparable results to patients in
younger ages regarding periprocedural complications,
long-term efficacy and patient satisfaction.
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