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Abstract
Introduction Patients with persistent atrial fibrillation (AF) may additionally suffer from a concealed sinus node disease. 
We sought to determine the incidence, indications and predictors of acute pacemaker [PM] implantation within 1 week after 
the ablation of persistent AF.
Methods and results We performed a retrospective analysis of patients, who had had an ablation of persistent AF at our 
center. Between 01/2011 and 08/2016, 1234 patients (mean age 65 ± 10 years, 66.7% male) without prior PM implantation 
underwent an ablation of persistent AF. Pulmonary vein isolation (PVI) was performed in 1158 (93.8%), the additional 
ablation of complex fractionated atrial electrograms (CFAE) in 1109 (89.9%) and linear ablation in 524 (42.5%) patients. 
Temporary cardiac pacing was necessary in 27 (2.2%) patients. The temporary PM was removed in 15 patients (1.2%) 
because sinus node recovered after a median of 1.0 (minimum 0.1−maximum 2.0) day. The remaining 12 (1.0%) patients 
required the implantation of a permanent PM. Another 13 (1.1%) patients required permanent PM implantation without prior 
temporary pacing. In a multivariable regression model, age [OR 1.07 (1.02–1.12), p = 0.006], sinus pauses prior to ablation 
[OR 7.97 (2.36–26.88), p = 0.001] and atria with low voltage [OR 2.83 (1.31–6.11), p = 0.008] were identified as significant 
predictors for acute cardiac pacing.
Conclusion Acute cardiac pacing within 1 week after the ablation of persistent AF was necessary in 40 (3.2%) patients. 
Age, sinus pauses in history prior to ablation and the existence of low-voltage areas in the atria were identified as relevant 
risk factors.

Keywords Acute cardiac pacing · Pacemaker · Implantation · Temporary cardiac pacing · Sinus node disease · Sinus arrest · 
Ablation · Persistent atrial fibrillation

Introduction

Persistent atrial fibrillation (AF) is a common disease world-
wide, accounting for an increased morbidity and mortality 
[1–4]. At present, mainly two different therapeutic options 
exist: the control of the heart rate in AF (frequency con-
trol strategy) and the restoration of sinus rhythm (rhythm 
control strategy). As several studies in the past have shown 
beneficial effects of a rhythm control strategy on several 
clinical factors, such as quality of life or left ventricular 
ejection fraction, the ablation of persistent AF has become 
a frequently used approach to treat this disease [5, 6]. The 
complete isolation of the pulmonary veins (PVI) is usually 
performed as a first step in patients suffering from persistent 
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AF. Additional modification of substrate, such as complex 
fractionated atrial electrograms (CFAE), the ablation of 
rotors or the ablation of lines, has been described in several 
publications as a successful method to terminate AF during 
ablation [7–10].

Sinus node disease and AF have been shown to be asso-
ciated with each other [11–13]. A preexisting sinus node 
disease in a patient suffering from persistent AF may only 
be unmasked after the termination of AF during the ablation 
procedure, necessitating temporary cardiac pacing and/or the 
implantation of a permanent PM. Some authors additionally 
presume the occurrence of a sinus node arrest or disease to 
be a complication of the ablation itself, due to ablation of 
the sinus node area or indirect damage of the sinus node 
artery [14, 15].

Aim of the study

The aim of the study was to retrospectively analyze the inci-
dence and indications as well as the predictors of acute PM 
implantation within 1 week after ablation of persistent AF.

Methods

The study is a monocentric retrospective analysis, which 
included all patients who underwent an ablation of persistent 
and long-standing persistent AF at our institution between 
March 2011 and August 2016. Persistent AF was defined, 
according to the guidelines valid at that time, as an AF epi-
sode, which either lasts longer than 7 days or requires ter-
mination by cardioversion, either with drugs or by direct 
current cardioversion [16]. Long-standing persistent AF 
was defined, according to the guidelines valid at that time, 
as AF which has lasted for ≥ 1 year when it is decided to 
adopt a rhythm control strategy [16]. In patients undergoing 
several ablation procedures for AF within the study period, 
the last ablation procedure was defined as index procedure 
and was included in the analysis. Previous ablation proce-
dures within the study period were defined as such and are 
incorporated in the baseline characteristics. Patients with 
chronically implanted PM or chronically implanted cardio-
verter defibrillators (ICD) were excluded from the analysis. 
The study protocol was approved by the ethics committee of 
the Technische Universität München, Munich, as the lead-
ing ethics committee for the German Heart Center Munich.

Ablation procedure

At our institution, the ablation procedure for AF is gener-
ally performed under conscious sedation and uninterrupted 
oral anticoagulation. A 3D-mapping system is used for every 
ablation of persistent AF, the manufacturer (NavX Ensite, 

Abbott Vascular; CARTO 3, Biosense Webster) is chosen 
by the physicians. Intracardiac electrograms are recorded 
on the BARD recording system (Boston Scientific Corpora-
tion). The procedure is undertaken in AF. After fluoroscopy-
guided and pressure-guided transseptal puncture, heparin is 
administered, targeting a value of 300 s activated clotting 
time. A voltage map and a map of complex fractionated 
atrial electrograms of the left atrium and, if the ablation 
location, of the right atrium and coronary sinus are rou-
tinely performed at the beginning of every procedure using 
a multipolar catheter (Lasso Nav eco, Biosense Webster Inc.; 
Orbiter PV, Boston Scientific Corporation). The existence 
of low-voltage areas in the mapped anatomical structures is 
defined and notated by the operating physician on the basis 
of the 3D-voltage map and the corresponding electrograms. 
Low voltage is defined as atrial signal amplitude below 
0.1 mV. Cycle length prior to ablation is measured in the left 
atrial appendage. A 4-mm irrigated tip catheter is used for 
radiofrequency ablation applying energies between 25 and 
40 W, depending on the anatomical site and the performing 
physician. After circumferential pulmonary vein isolation, 
the ablation of complex fractionated atrial electrograms is 
performed until abolishment of all CFAE or until the length-
ening of the atrial cycle length > 10% or until regularization 
to atrial flutter. Regarding the first two instances, external 
cardioversion is performed, pulmonary vein isolation is con-
firmed in sinus rhythm and the procedure is terminated. In 
the case of atrial macroreentrant flutter, suitable atrial lines 
are deployed to terminate the arrhythmia and bidirectional 
blockage is proven. In the case of a localized reentry, the 
origin of the arrhythmia is located and subsequently ablated. 
All antiarrhythmic drugs, except class II, are stopped after 
the ablation. During the entire hospital stay, the patient’s 
heart rhythm is continuously monitored.

Temporary cardiac pacing

In the case of sinus node or atrioventricular (AV) node 
dysfunction after the termination of AF, the insertion of a 
temporary PM wire is considered necessary, if the patient 
is hemodynamically compromised or unstable due to sinus 
arrest, complete AV block without escape rhythm or due 
to hemodynamically insufficient intrinsic rhythm. After the 
insertion of a temporary PM wire via femoral or jugular 
veins, the patient is transferred to the intensive care unit, 
where he is looked after as long as required. A continuous 
monitoring of the heart rhythm is ensured during the entire 
hospital stay.

Statistics

Data analysis was performed using the software package 
IBM SPSS Statistics for Windows, version 22 (IBM Corp., 
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Armonk, N.Y., USA). For quantitative measures, means 
and standard deviations or medians and ranges (minimum 
to maximum) are shown. For categorical outcomes, absolute 
and relative frequencies are presented. For the assessment 
of the association between the need for acute pacing and 
recurrence of AF, chi-square test was used. Univariate and 
multivariable logistic regression models were fitted to the 
data to evaluate associations between baseline data and acute 
pacemaker implantation and to assess independent predictor 
variables. Variables with p < 0.05 in the univariate analyses 
were included in the multivariable regression model. Odds 
ratios (OR) are presented with 95% confidence intervals. All 
statistical tests were performed two sided on a significance 
level of α = 5%.

Results

A total of 1363 patients underwent an ablation for persis-
tent AF at our institution between March 2011 and August 
2016. In 129 of these patients, a permanent PM or ICD was 
already chronically implanted, so that these patients were 
excluded from the analysis. The baseline characteristics of 
the remaining 1234 patients are demonstrated in Table 1; the 
procedural data are demonstrated in Table 2.

Incidence of acute cardiac pacing

The insertion of a temporary PM wire and/or the implanta-
tion of a permanent PM was necessary in 40 (3.2%) patients 
within 7 days after the ablation of persistent AF.

Of these, 27 patients (67.5% of patients in need of acute 
cardiac pacing and 2.2% of the overall study population) 
required temporary cardiac pacing during the ablation pro-
cedure or immediately thereafter due to acute sinus arrest 
(n = 10), severe sinus bradycardia (n = 16) or second-degree 
AV block type 2 (n = 1). After a median of 1.0 day (mini-
mum 0.1−maximum 2.0 days; mean ± STD 0.9 ± 0.4 days), 
the temporary PM wire could be removed in 15 (37.5% of 
patients in need of acute cardiac pacing and 1.2% of the 
overall study population) of these patients because sinus 
node recovered from arrest (n = 4) or from sinus bradycar-
dia (n = 11). The remaining 12 patients (30% of patients in 
need of acute cardiac pacing and 1.0% of the overall study 
population) required the implantation of a permanent pace-
maker after a median of 1.0 day (min. 0.1−max. 5.0 days; 
mean ± STD 1.6 ± 1.6 days) due to persistent sinus arrest 
(n = 6), persistent sinus node bradycardia (n = 5) and second-
degree AV block type 2 (n = 1). All 12 patients received a 
dual-chamber pacemaker.

Another 13 patients (32.5% of patients in need of acute 
cardiac pacing and 1.1% of the overall study population) 
required a permanent PM implantation within the first week 

after ablation without prior temporary cardiac pacing. The 
indications for permanent PM implantation in these patients, 
becoming evident during continuous monitoring of the heart 
rhythm after the ablation of persistent AF, were intermittent 
sinus arrest (n = 3), sustained symptomatic sinus bradycardia 
(n = 1), second-degree AV block type 2 (n = 3), third-degree 
AV block (n = 1) and binodal disease (n = 5). All 13 patients 
received a dual-chamber pacemaker after a median of 2.0 
days (min 1.0 – max. 6.0 days; mean ± STD 2.7 ± 1.6 days) 
after the ablation procedure.

28 patients (28/40, 70.0%) with an indication for acute 
cardiac pacing were chronically treated with beta blocker 
prior to admission. Beta-blocker therapy was stopped in all 
patients as soon as there was an indication for acute or per-
manent pacing and resumed according to the treating physi-
cians’ decision. One patient in need for temporary cardiac 
pacing received a single dose of intravenous Amiodarone 
during ablation to support the conversion to sinus rhythm.

Figure 1 shows a detailed overview of the incidence and 
indications for temporary cardiac pacing and permanent PM 
implantation within the first week after ablation of persistent 
AF.

Associations/predictors

Age [odds ratio 1.09 (95% confidence interval: 1.05–1.14), 
p < 0.0001], renal insufficiency [OR 2.99 (1.34–6.69), 
p = 0.008], mitral valve insufficiency [OR 2.12 (1.10–4.08), 
p = 0.025], beta-blocker therapy [OR 0.32 (0.16–0.65), 
p = 0.001], sinus bradycardia lower than 50 beats per 
minute in history prior to ablation [OR 4.29 (2.03–9.06), 
p = 0.0001], sinus pauses longer than 3 s in history prior to 
ablation [OR 10.34 (3.91–27.39), p < 0.0001], atria with low 
voltage [OR 4.33 (2.20–8.50), p < 0.0001] and cycle length 
prior to ablation [OR 1.01 (1.00–1.02), p = 0.006] were sig-
nificantly associated with acute cardiac pacing after the abla-
tion of persistent AF. In a multivariable regression model, 
age [OR 1.07 (1.02–1.12), p = 0.006], sinus pauses longer 
than 3 s in history prior to ablation [OR 7.97 (2.36–26.88), 
p = 0.001] and atria with low voltage [OR 2.83 (1.31–6.11), 
p = 0.008] were identified as significant independent vari-
ables. The complete results of the univariate and multivari-
able analyses are shown in Table 3.

Recurrence of atrial arrhythmias within 1 week 
after ablation

Appropriate electrocardiographic data were available for 
1225 patients. Almost all patients (36/40, 90%) in need of 
temporary or permanent cardiac pacing within 1 week after 
ablation of persistent AF and 284 (284/1185, 24.0%) patients 
not in need of acute cardiac pacing suffered a recurrence of 
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Table 1  Patient characteristics
Patient characteristics (n = 1234 patients)
 Age [years], mean ± STD 65.1 ± 10.1
 Male n (%) 823 (66.7)
 BMI [kg/m2], mean ± STD 28.3 ± 4.8
 LV-EF [%], median (min−max) 60 (18–71)
 Diameter of the left atrium [mm], mean ± STD 47.0 ± 6.8
 Area of the left atrium  [cm2], mean ± STD 27.9 ± 6.1
 Duration of persistent atrial fibrillation [month], median (min–max) 13.0 (0-270)
 Prior ablation procedures
  No procedure n (%) 823 (66.7)
    1 procedure n (%) 268 (21.7)
    2 procedures n (%) 100 (8.1)
    ≥ 3 procedures n (%) 43 (3.5)

 Concomitant diseases
  Arterial hypertension n (%) 913 (74.0)
  Diabetes mellitus n (%) 149 (12.1)
  Hyperlipidemia n (%) 575 (46.6)
  Renal insufficiency n (%) 100 (8.1)
  Prior stroke n (%) 66 (5.3)
  Prior transient ischemic attack n (%) 39 (3.2)
  Prior syncope n (%) 78 (6.3)
  Chronic obstructive pulmonary disease n (%) 63 (5.1)
  Obstructive sleep apnea syndrome n (%) 92 (7.5)
  Ischemic cardiomyopathy n (%) 266 (21.6)
  Dilated cardiomyopathy n (%) 47 (3.8)
  Aortic valve stenosis n (%) 47 (3.8)
  Aortic valve insufficiency n (%) 181 (14.6)
  Mitral valve stenosis n (%) 8 (0.6)
  Mitral valve insufficiency n (%) 520 (42.2)
    Mild mitral valve  insufficiency n (%) 412 (33.4)
    Moderate mitral valve  insufficiency n (%) 88 (7.1)
    Severe mitral valve  insufficiency n (%) 20 (1.6)
  Tricuspid valve insufficiency n (%) 306 (24.8)
  Prior valve surgery n (%) 59 (4.8)
  Antiarrhythmic drugs, class I n (%) 19 (1.5)
  Antiarrhythmic drugs, class II n (%) 1075 (87.1)
  Antiarrhythmic drugs, class III n (%) 47 (3.8)
  Antiarrhythmic drugs, class IV n (%) 23 (1.9)
  Glycosides n (%) 135 (10.9)

Electrocardiographic data prior to ablation (n = 1234 patients)
 Heart rate on admission [n/min], mean ± STD 86.3 ± 22.4
 Sinus bradycardia (< 50/min) in history prior to ablation n (%) 96 (7.8)
 Sinus pauses (≥ 3sec) in history prior to ablation n (%) 26 (2.1)
 AV block in history prior to ablation
    AV block I n (%) 108 (8.8)
    AV block II n (%) 4 (0.3)
    AV block III n (%) 0 (0.0)

 Bundle branch block prior to ablation n (%) 187 (15.2)
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AF and/or atypical atrial flutter during the same hospital 
stay (p < 0.0001).

Discussion

Data concerning the incidence, indications and predictors 
for acute cardiac pacing after the ablation of persistent atrial 
fibrillation are scarce. The main findings of our study are 
(1) acute cardiac pacing was necessary in roughly 3% of 
patients in our study population within 1 week after the 
ablation of persistent AF. (2) More than two-third of these 
patients were in need of a temporary cardiac pacing wire 
immediately after the ablation procedure, which could be 
removed in more than half of the patients after the median 
of 1 day due to recovery of sinus node function. (3) In 2% 

of the study population, the implantation of a permanent 
PM was finally necessary within 1 week after the ablation 
procedure. Whereas the main indication for temporary car-
diac pacing was sinus node disease, the main indication for 
the implantation of a permanent PM was binodal disease. 
(4) Most relevant risk factors for acute cardiac pacing were 
older age, sinus pauses longer than 3 s in history prior to 
ablation and the existence of areas of low voltage in any of 
the atria prior to ablation.

In contrast to other study populations, our population 
involved exclusively patients with persistent and long-stand-
ing persistent AF. The ablation procedure in almost all of the 
patients consisted of bilateral circumferential vein isolation 
and the ablation of CFAE. Half of the patients were addition-
ally treated with the ablation of lines (anterior line/mitral 
isthmus line and/or roofline and/or right atrial isthmus line). 

Table 2  Procedural data

a LAA left atrial appendage

Procedural data (n = 1234 patients)
Pulmonary vein isolation n (%) 1158 (93.8)
Ablation of CFAE n (%) 1109 (89.9)
 Ablation of CFAE in the left atrium n (%) 1104 (89.5)
 Ablation of CFAE in the right atrium n (%) 730 (59.2)
 Ablation of CFAE in the coronary sinus n (%) 771 (62.5)

Ablation of lines n (%) 524 (42.5)
Ablation of localized reentries n (%) 125 (10.1)
Atria with low voltage/scar n (%) 146 (11.8)
Cycle length  (LAAa) prior to ablation [ms], mean ± STD 170.8 ± 26.0
RF ablation time [min], mean ± STD 69.7 ± 28.3

Fig. 1  Incidence and indications 
of acute pacemaker implanta-
tion after ablation of persistent 
atrial fibrillation
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Table 3  Univariable and multivariable analyses for the prediction of acute cardiac pacing after ablation of persistent AF

Variables (n = 1234 patients) Yes [Y]
No [N]

No PM PM Univariable Multivariable

OR 95% CI p OR 95% CI p

Age [years], mean ± STD 64.9±10.1 71.5±9.9 1.09 (1.05–1.14) < 0.0001 1.07 1.02–1.12 0.006
Male n Y 799 24 0.74 (0.39–1.41) 0.363

N 395 16
LAa diameter [mm], mean ± STD 46.9 ± 6.8 48.5 ± 7.4 1.04 (1.00–1.09) 0.160
LA area  [cm2], mean ± STD 27.8 ± 16.1 29.4 ± 6.4 1.04 (1.00–1.10) 0.095
Prior  AFb ablation ≥ 1 procedure n Y 399 12 0.85 (0.43–1.70) 0.652

N 795 28
Arterial hypertension n Y 884 29 0.92 (0.46–1.87) 0.828

N 310 11
Diabetes mellitus n Y 143 6 1.30 (0.54–3.14) 0.565

N 1051 34
Renal insufficiency n Y 92 8 2.99 (1.34–6.69) 0.008 1.90 0.73–4.96 0.188

N 1102 32
Syncope prior to ablation n Y 74 4 1.69 (0.58–4.88) 0.333

N 1094 35
COPDc n Y 61 2 1.00 (0.23–4.15) 0.976

N Y 1133 38
Ischemic cardiomyopathy n Y 256 10 1.22 (0.60–2.53) 0.591

N 938 30
Mitral valve insufficiency n Y 495 24 2.12 (1.10–4.08) 0.025 1.19 0.58–2.44 0.632

N 657 15
AADd class II n Y 1047 28 0.32 (0.16–0.65) 0.001 0.48 0.21–1.10 0.083

N 145 12
AAD class III n Y 45 2 1.34 (0.31–5.74) 0.069

N 1148 38
Heart rate on admission [n/min], mean ± 

STD
86.5 ± 22.3 81.6 ± 24.3 0.99 (0.98–1.00) 0.181

Sinus bradycardia (< 50/min) in history 
prior to ablation n

Y 86 10 4.29 (2.03–9.06) 0.0001 1.32 0.66–5.03 0.251

N 1106 30
Sinus pauses ( ≥ 3s) in history prior to 

ablation n
Y 20 6 10.34 (3.91–27.39) < 0.0001 7.97 2.36–26.88 0.001

N 1172 34
Bundle branch block prior to ablation n Y 179 8 1.42 (0.64–3.13) 0.387

N 1015 32
Pulmonary vein isolation n Y 1121 37 0.80 (0.24–0.27) 0.720

N 73 3
CFAEe n Y 1074 35 0.78 (0.30–2.03) 0.614

N 120 5
CFAE left atrium n Y 1070 34 0.66 (0.27–1.60) 0.353

N 124 6
CFAE right atrium n Y 710 20 0.68 (0.36–1.28) 0.234

N 484 20
CFAE coronary sinus n Y 749 22 0.73 (0.39–1.37) 0.322

N 445 18
Lines n Y 504 20 1.37 (0.73–2.57) 0.329

N 690 20
Localized reentry n Y 113 7 1.93 (0.84–4.47) 0.123

N 1076 33
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The routine isolation of the vena cava superior was not per-
formed. Our study confirms the rather low incidence of acute 
cardiac pacing after the ablation of persistent AF, follow-
ing the above-mentioned ablation strategy. Previous studies 
have shown a 0.7–10% incidence of acute cardiac pacing 
after ablation in variant populations, however, considering 
diverse kinds of atrial arrhythmias and diverse kinds of abla-
tion strategies [14, 17, 18].

In our study population, two-third of the 40 patients 
requiring cardiac pacing after the ablation of persistent AF 
were in need of temporary cardiac pacing immediately after 
termination of AF within the ablation procedure due to sinus 
node dysfunction. The association of sinus node disease and 
AF is a known entity though there may be different under-
lying mechanisms which lead to variable clinical manifes-
tations. Persistent AF may lead to structural and electrical 
remodeling of the atria, involving apoptosis, fibrosis and 
dilatation and finally causing sinus node dysfunction. On 
the other hand, several factors such as ischemia, inflamma-
tion, genetic disposition, progressive fibrosis or even atrial 
myopathy with extensive scarring have been shown to cause 
sinus node dysfunction and secondary leading to persistent 
AF [11, 13, 19–22]. The existence of low-voltage areas in 
the atria as well as sinus pauses in history prior to the abla-
tion were identified as relevant risk factors for acute car-
diac pacing in our study population, both possibly acting 
as a surrogate for already severe pathologically remodeled 
atria. Some authors also claim a direct damage of the sinus 
node due to ablation in the right atrium and especially in 
the area of the sinus node or due to circumferential isolation 
of the superior vena cava to be a reason for the sinus arrest 
after termination of AF [14, 23]. Others hold the indirect, 
ablation-related damage of the sinus nodal artery responsi-
ble for this incidence, especially by performing PVI or by 
deployment of a roof line or mitral isthmus line in the left 
atrium [14, 15, 17]. However, after matching a cohort of 
patients with persistent AF treated by ablation to a cohort of 

patients being treated by external cardioversion, there was 
no relevant difference in the incidence of sinus node disease 
after the termination of persistent AF [17]. One may also 
speculate that dislodgment of the catheter or energy transfer 
towards the AV node when ablating complex fractionated 
electrograms at the ostium of the coronary sinus may be 
related to AV node dysfunction after ablation. However, in 
our study population, there was no statistically significant 
association of any procedural parameter with the need for 
acute cardiac pacing. Especially, neither the localization of 
the ablation in the atria (left atrium, right atrium and coro-
nary sinus) nor the technique (ablation of CFAE or lines) 
was shown to be associated with the necessity of acute car-
diac pacing in the multivariable analysis. Thus, the direct or 
indirect damage of the sinus node or AV node seems to be 
an existent but rare incidence.

In recent publications, the recovery of the sinus node after 
ablation of paroxysmal AF and atrial flutter due to reverse 
remodeling has been described [24–26], supporting previ-
ous animal and human studies showing the reversibility of 
atrial remodeling caused by long-lasting AF [11, 13, 21]. In 
our study population, the temporary pacing wire could be 
removed after 1 day due to the recovery of the sinus node in 
more than half of the patients in need of temporary cardiac 
pacing, and the implantation of a permanent PM was not 
necessary in these patients. This suggests that a watch-and-
wait strategy with temporary cardiac pacing and continu-
ous hemodynamic monitoring seems justified at first, even 
in cases with total sinus arrest at the end of the ablation 
procedure.

Whereas the main indication for temporary cardiac pac-
ing was sinus node disease in our study, the main indica-
tion for the implantation of a permanent PM was dual node 
disease. Roughly two-third of the patients in need of car-
diac pacing within 1 week after the ablation required the 
implantation of a permanent dual-chamber PM. Previous 
studies have shown the coexistence of sinus node disease 

Table 3  (continued)

Variables (n = 1234 patients) Yes [Y]
No [N]

No PM PM Univariable Multivariable

OR 95% CI p OR 95% CI p

Atria with low voltage/scar n Y 132 14 4.33 (2.20–8.50) < 0.0001 2.83 1.31–6.11 0.008
N 1062 26

Cycle length  (LAAf) prior to ablation[ms], 
mean ± STD

169.7 ± 25.6 181.9 ± 34.9 1.01 (1.00–1.02) 0.006 1.01 1.00–1.02 0.123

a LA left atrium
b AF atrial fibrillation
c COPD chronic obstructive pulmonary disease
d AAD antiarrhythmic drug
e CFAE ablation of complex fractionated atrial electrograms
f LAA left atrial appendage
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and AV node disease in persistent AF patients, suggest-
ing an advanced remodeling of the atria as causal for this 
entity [18, 27].

The association of cardiac pacing within 1 week after 
the ablation of persistent AF with older age, renal insuf-
ficiency, mitral valve insufficiency, sinus bradycardia in 
history prior to ablation, sinus pauses in history prior to 
ablation, atria with low voltage and longer cycle length 
prior to ablation was demonstrated in the univariable anal-
ysis. A beta blocker therapy seemed to be protective in the 
same analysis. Considering beta blocker therapy only in 
rhythmologically stable patients, who had not shown signs 
of sinus node disease or AV node disease in their medical 
history prior to ablation, might be a possible explanation 
for this phenomenon.

Age as a predictor of sinus arrest after the ablation of 
atrial fibrillation has been described earlier [17]. This was 
also confirmed in our population. In conformity with other 
publications, concomitant diseases were associated with 
acute cardiac pacing in the univariable analysis, as men-
tioned above. However, in our study, no baseline character-
istic other than age was identified as a predictor for acute 
cardiac pacing within 1 week after ablation in the multivari-
able analysis.

Concerning electrocardiographic parameters, sinus 
pauses longer than 3 s in history prior to ablation were 
shown to be significantly predictive for acute cardiac pacing 
in the multivariable analysis. Whereas a low preprocedural 
ventricular heart rate during AF, which was shown to be 
associated with sinus node disease earlier [18], showed no 
relevant association with acute cardiac pacing in our popula-
tion. A longer atrial fibrillation cycle length, measured in the 
left atrial appendage immediately before starting the abla-
tion, was associated with acute cardiac pacing, although, in 
contrast to earlier published data [28], this was not identi-
fied as an independent variable in the multivariable analysis. 
The existence of low-voltage areas in the atria was signifi-
cantly predictive for the necessity of acute cardiac pacing, 
which might be explained by progressive electroanatomical 
remodeling and concomitant sinus node disease as men-
tioned above.

Almost all patients in need of acute cardiac pacing within 
1 week after the ablation procedure suffered an early recur-
rence of AF or atypical atrial flutter during the same hos-
pital stay, whereas this could be observed only in roughly 
a quarter of the patients without acute pacing. Data con-
cerning early recurrence of atrial arrhythmias after ablation 
in patients with persistent AF and sinus node disease are 
scarce. Recently published data showed that a certain type of 
sinus node disease and the duration of AF were independent 
predictors for the recurrence of AF after ablation [29], sug-
gesting that advanced structural and electrical remodeling 
due to sinus node disease may favor the recurrence of AF.

Limitations

The study is a monocentric retrospective analysis includ-
ing patients with persistent and long-standing persis-
tent AF. No statement can be made about other kinds of 
atrial arrhythmias. Atrial voltage was only evaluated by 
the operating physician and no additional retrospective 
assessment was performed in this regard. The size of the 
low-voltage areas was not consistently determined and, 
therefore, was not part of the analysis. Considering the 
small number of patients in need of acute cardiac pacing 
after ablation of persistent AF, there might be a statistical 
bias influencing the results of the study.

Conclusion

Acute cardiac pacing within 1 week after the procedure 
was necessary in 40 (3.2%) patients undergoing an abla-
tion of persistent AF. Age, sinus pauses longer than 3 s in 
history prior to ablation and the existence of areas of low 
voltage in any of the atria prior to ablation were identified 
as predictors for acute cardiac pacing. The vast majority 
of patients needed pacing because of sinus node dysfunc-
tion, which turned out to be only a temporary condition in 
approximately one-third of the patients. A watch-and-wait 
strategy with temporary cardiac pacing and continuous 
hemodynamic monitoring after ablation seems justified, 
even in cases with total sinus arrest at the end of the abla-
tion procedure. Physicians should be aware of the rare 
incidence of sinus arrest after ablation of persistent AF 
and should appropriately inform their patients in advance.
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