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permanent AF, if no interventions are under‑
taken to revert it to sinus rhythm.2 Important‑
ly, chronic AF precludes the use of dual‑chamber 
pacing due to inability to pace the atrium.

It is well established across many popula‑
tions that AF is a risk factor for increased mor‑
tality.3‑8 Of note, in our recent study, we demon‑
strated that preimplant AF was not associated 
with reduced survival in consecutive recipients 
of dual‑chamber (DDD) permanent pacemak‑
er (PPM).9 A retrospective analysis of patients 
implanted with modern DDD PPM capable of 
storing AF data showed that AF burden was not 

INTRODUCTION  Atrial fibrillation (AF) 
is the most commonly encountered arrhythmia 
in the population and has been referred to as “ep‑
idemic” affecting approximately 3% of adults.1 
AF is considered to be a progressive arrhyth‑
mia. In many patients, it starts with short, in‑
frequent episodes and over time progresses to 
longer and more frequent episodes. In a minori‑
ty of patients, AF remains paroxysmal over long 
time or may even regress. In majority of patients, 
however, the burden of AF increases and becomes 
sustained. Persistent, long‑standing AF is diag‑
nosed if rhythm control strategy is adopted, and 
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ABSTRACT
BACKGROUND  Atrial fibrillation (AF) is thought to be a progressive arrhythmia. The impact of sex and 
position of right ventricular lead is not well recognized. Whilst nonparoxysmal AF compared with paroxysmal 
AF has been associated with increased mortality in the general population, its prognostic significance 
in patients with a dual‑chamber (DDD) pacemaker is less clear.
AIMS  The aim of the study was to determine the incidence of permanent AF in patients with a DDD 
pacemaker, analyze the effect of selected baseline characteristics on permanent AF development, 
and examine the impact of permanent AF on patient survival.
METHODS  A retrospective cohort study included 3932 consecutive patients who underwent DDD pacing 
system implantation between 1984 and 2014. Follow‑up was completed in August 2016. We included 
3771 patients (96%) with post‑operative follow‑up and known vital status. Occurrence of permanent AF 
and all‑cause mortality were the study endpoints.
RESULTS  During mean follow‑up of 6.5 years, permanent AF occurred in 717 patients (19%). Sex (hazard 
ratio [HR], 1.316; 95% CI, 1.134–1.528, for men), age at implant (HR, 1.041; 95% CI, 1.033–1.049, 1-year 
increase), history of AF (HR, 3.521; 95% CI, 3.002–4.128) were independently associated with permanent 
AF development, whereas position of right ventricular lead (apical versus nonapical) and primary pacing 
indication (atrioventricular block versus sick sinus syndrome) were not related to permanent AF. Permanent 
AF was a significant risk factor for increased mortality (age- and sex‑adjusted HR, 1.475; 95% CI, 1.294–1.682).
CONCLUSIONS  Permanent AF occurrence was independently predicted by advanced age at implant, male 
sex, and preexisting AF and associated with worse survival.
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from inpatient and outpatient encounters. Pa‑
tients had standard device interrogation follow
‑up approximately 3 months after implantation, 
followed by every 6 to 12 months thereafter. 
We did not distinguish between AF and atrial 
flutter. Preimplant AF was defined as AF doc‑
umented on ECG prior to DDD PPM implanta‑
tion and included paroxysmal and persistent AF 
provided that the restoration of sinus rhythm 
was planned after implantation. Patients with 
permanent AF were routinely implanted with 
single‑chamber ventricular (VVI) PPM through‑
out the study period. We used the 2016 Euro‑
pean Society of Cardiology guidelines to define 
permanent AF.2 In the present study the min‑
imum of 2 consecutive visits were required to 
diagnose permanent AF with no interim docu‑
mented sinus rhythm or further evidence of si‑
nus rhythm until the end of the study or the pa‑
tient’s death. Moreover, it was a prerequisite that 
the DDD mode was reprogrammed to ventricu‑
lar-based pacing prior to, or at the end of follow

‑up. The time of permanent AF onset was de‑
fined as the first instance when AF was detect‑
ed after implant and at the end of follow‑up ful‑
filled the criteria of minimum duration, no evi‑
dence of sinus rhythm in the interim and pacing 
mode reprogramming from the DDD mode to 
the ventricular-based one.

Statistical analysis  Data were analyzed us‑
ing IBM SPSS Statistics Version 25.0 software 
(IBM Corp, Armonk, New York, United States). 
Continuous variables are expressed as mean 
(SD), and median (interquartile range [IQR]) 
if not normally distributed. Normal distribu‑
tion was tested with the Kolmogorow–Smirnow 
test with the Lilliefors correction. Continuous 
variables were compared by means of the Mann–
Whitney test. Categorical variables were com‑
pared using the Pearson χ2 test. The propor‑
tion of patients who progressed to permanent 
AF was calculated by the Kaplan–Meier meth‑
od. Mortality rates between the study cohort 
and patients lost to follow‑up were compared 
with log‑rank test. Proportional hazards Cox re‑
gression analysis was used to determine the as‑
sociation between selected baseline variables 
and permanent AF development. We assessed 
the effect of time‑covariate interaction to test 
the validity of the proportional hazards. Cox 
regression with time‑dependent covariate was 
used to assess the association between perma‑
nent AF occurrence and post‑implant surviv‑
al and subsequently to explore potential sub‑
group effects.16 A P value of less than 0.05 was 
considered significant.

RESULTS  Between October 4, 1984 and Decem‑
ber 31, 2014 a total of 3932 consecutive patients 
underwent de novo DDD PPM implantation. 

predictive of mortality.10 On the other hand, a re‑
cent real‑world community‑based cohort study 
and a meta‑analysis involving 6 large‑scale ran‑
domized controlled trials on oral anticoagulation 
therapy demonstrated that patients with persis‑
tent or permanent AF compared with paroxys‑
mal AF had significantly higher risk of all‑cause 
mortality.11,12 In addition, the associations be‑
tween development of permanent AF and base‑
line variables such as pacing indication, sex, and 
position of the right ventricular (RV) lead remain 
unclear. Previous reports suggested that the nat‑
ural history of AF was affected by the cumula‑
tive percentage of atrial and ventricular pacing, 
therefore, outcomes in general populations may 
not be applicable to DDD paced cohorts.10,13 We 
sought to determine risk factors favoring devel‑
opment of permanent AF and assess the effect of 
permanent AF on long‑term survival in a large 
cohort with DDD pacing.

METHODS  The study cohort consisted of all 
consecutive patients who underwent de novo 
DDD PPM implantation between October 4, 
1984 and December 31, 2014 at a high‑volume 
tertiary reference university cardiology center. 
Patients were followed until August 31, 2016 or 
death, whichever came first. Data on patients’ 
vital status and dates of death were collected 
from the national death registration system 
after the follow‑up period. The survival and 
lead‑related complications in the present co‑
hort have been studied previously.9,14,15 The end‑
points were the onset of permanent AF and all

‑cause mortality. The data used in the analysis 
included 1) patients’ demographic baseline char‑
acteristics: age at implantation and sex; 2) in‑
dex arrhythmia (primary electrocardiographic 
pacing indication): atrioventricular block (AVB) 
or sick sinus syndrome (SSS); 3) a history of 
AF prior to DDD PPM implantation; 4) posi‑
tion of the RV lead: apical or nonapical at dis‑
charge from the department; 5) time of perma‑
nent AF onset; and 6) date of death declared 
in the death certificate. These data were retro‑
spectively gathered from paper and electronic 
medical records from hospital admissions, op‑
erative reports, and cardiology clinic visits that 
included pacemaker checks. We retrospectively 
reviewed device interrogation reports, electro‑
cardiograms (ECG), and Holter ECG recordings 

WHAT’S NEW?
The study revealed that male sex compared with female sex along with history 
of atrial fibrillation and advanced age were associated with increased risk of 
permanent atrial fibrillation. On the other hand, position of the right ventricular 
lead and pacing indication did not influence the occurrence of permanent 
atrial fibrillation. Furthermore, we demonstrated that in patients with dual
‑chamber pacemaker, permanent atrial fibrillation resulted in a significant 
reduction of survival.
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lost to follow‑up after initial DDD PPM implan‑
tation with patients who remained in follow‑up 
is presented in TABLE 1.

The remaining 3771 patients and a total of 
24 431.8 patient‑years of follow‑up were analyzed. 
Women constituted 46.7% of patients. Mean (SD) 
device follow‑up was 6.5 (5.2) years, (median 
[IQR], 5.2 [6.5] years; maximal follow‑up, 30.8 
years). In total, we analyzed 29 581 postimplant 
encounters in which device parameters, electro‑
gram, and ECG were obtained (mean [SD], 7.8 
[6.4]; median [IQR], 5 [8]). The mean (SD) surviv‑
al time (eg, until patients’ death or study follow

‑up completion) was 7.8 (5.3) years (median [IQR], 
6.5 [6.8] years; maximal survival time, 31.3 years). 
AF prior to DDD pacemaker implantation was 
detected in 1276 (34%) patients. Patients with 
preexisting AF compared with patients with‑
out AF were older (mean [SD] age at implanta‑
tion, 71.8 [10] years; median [IQR], 73 [11.9] years 
vs mean [SD], 68.8 [12.9] years; median [IQR], 
71.3 [15.3] years, respectively; P <0.001), more 
frequently female (56% vs 42%, respectively; 
P <0.001), and had higher prevalence of SSS rel‑
ative to AVB (84% vs 58%, respectively; P <0.001).

During the entire follow‑up, 717 patients 
(19%) developed permanent AF in a mean (SD) 
period of 4.6 (4.1) years (median [IQR], 3.6 [5.4] 
years). At year 1, 5, 10, and 15 after implant, 4.4%, 
13.3%, 25%, 32.3% of patients had permanent 
AF, respectively (FIGURE 1). Comparison of patients 
with permanent AF versus patients without per‑
manent AF is presented in TABLE 2. Additionally, 
the comparison of patients who underwent DDD 
PPM during the last decade of the inclusion peri‑
od (2005–2014) assessing differences in baseline 
characteristics between patients who developed 
permanent AF versus those with nonperma‑
nent AF or in sinus rhythm is presented in TABLE 3.

In the whole cohort, male sex was associat‑
ed with significantly higher risk of permanent 
AF development compared with female sex (HR, 
1.316; 95% CI, 1.134–1.528; P <0.001). Each 1-year 
increase in age at implantation (HR, 1.041; 95% 
CI, 1.033–1.049; P <0.001) and history of AF (HR, 
3.521; 95% CI, 3.002–4.128; P <0.001) were in‑
dependent predictors for permanent AF occur‑
rence. The position of the RV lead and pacing in‑
dication were not associated with permanent AF 
(FIGURE 2). The additional Cox regression analysis 
of 2475 patients who had DDD PPM implanta‑
tion in the last decade replicated the findings of 
the entire cohort analysis (FIGURE 3).

A total of 310 patients (43%) with permanent 
AF died after a mean (SD) period of 4.6 (3.6) 
years (median [IQR], 3.9 [5.5] years; maximum 
17.3 years) following the onset of permanent AF. 
In the group without permanent AF, 1032 pa‑
tients (32%) died after mean (SD) 6.2 (5.0) years 
(median [IQR], 4.9 [6.7] years) following the first 
implantation. During the exposure to perma‑
nent AF, the rate of death was 85 per every 1000 

We excluded 4 patients whose vital status as of 
the end of follow‑up was unknown and 157 pa‑
tients who did not attend pacemaker clinic dur‑
ing follow-up. Comparison of patients who were 

TABLE 1  Comparison of patients with and without postdischarge follow‑up

Parameter Lost to follow‑up 
(n = 157 [4%])

Remained 
in follow‑up 
(n = 3771 [96%])

P value

Age at implantation, y, median 
(IQR)

71.8 (13.9) 71.9 (14.2) 0.85

Female sex 56 (36) 1761 (47) 0.007

SSS indication 83 (53) 2527 (67) <0.001

Preimplant AF 42 (27) 1276 (34) 0.07

RV lead at apex 68 (43) 1625 (43) 0.96

All‑cause mortality 93 (59) 1342 (36) <0.001

Data are presented as number (percentage) of patients unless otherwise indicated.

Abbreviations: AF, atrial fibrillation; IQR, interquartile range; RV, right ventricular; SSS, 
sick sinus syndrome

FIGURE 1  Kaplan–Meier curve showing time to occurrence of permanent atrial fibrillation (AF) 
during the study period
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TABLE 2  Comparison of baseline characteristics in patients with and without 
permanent atrial fibrillation in the entire cohort

Parameter Permanent AF 
(n = 717 [19%])

No permanent AF 
(n = 3054 [81%])

P value

Age at implantation, y, median 
(IQR)

71.9 (11.7) 71.9 (15.1) 0.05

Female sex 344 (48) 1417 (52) 0.45

SSS indication 551 (77) 1976 (23) <0.001

Preimplant AF 408 (57) 868 (28) <0.001

RV lead at apex 402 (56) 1223 (44) <0.001

Data are presented as number (percentage) unless otherwise indicated.

Abbreviations: see TABLE 1
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patient‑years, whereas during nonexposure to 
permanent AF, the rate of death was 40 per ev‑
ery 1000 patient‑years of the study. Cox propor‑
tional hazards model with time‑varying covari‑
ate confirmed that occurrence of permanent AF 
significantly increased mortality during follow

‑up (HR, 1.885; 95% CI, 1.654–2.148; P <0.001). 
The observed effect remained significant after 
adjustment for age at implantation and sex (HR, 
1.475; 95% CI, 1.294–1.682; P <0.001). The signifi‑
cant association was consistently observed in pa‑
tients selected with regard to age (>70 years: HR, 
2.15; ≤70 years: HR, 1.403), sex (men: HR, 1.841; 
women: HR, 1.932), index arrhythmia (AVB: HR, 
2.190; SSS: HR, 1.796), history of AF (yes: HR, 
1.401; no: HR, 2.486), and position of the RV 
lead (apical: HR, 1.924; nonapical: HR, 1.768).

TABLE 3  Comparison of baseline characteristics among patients who underwent 
implantation from 2005 to 2014

Parameter Permanent AF  
(n = 368 [15%])

No permanent AF 
(n = 2107 [85%])

P value

Age at implantation, y, median 
(IQR)

75.5 (11.1) 73.9 (13.4) 0.003

Female 178 (48) 1007 (48) 0.84

SSS indication 288 (78) 1327 (63) <0.001

Preimplant AF 255 (69) 703 (33) <0.001

RV lead at apex 67 (18) 298 (14) 0.04

Data are presented as number (percentage) unless otherwise indicated.

Abbreviations: see TABLE 1

FIGURE 2  Association of baseline factors with permanent atrial fibrillation after dual‑chamber pacemaker implantation in the entire cohort

�Abbreviations: AVB, atrioventricular block; HR, hazard ratio; others, see TABLE 1
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FIGURE 3  Association of baseline factors with permanent atrial fibrillation in group of patients who underwent implantation between 2005–2014

�Abbreviations: see TABLE 1 and FIGURE 2
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large randomized controlled trials on non–vita‑
min K antagonist oral anticoagulation demon‑
strated that patients with paroxysmal AF were 
more likely to be women compared with patients 
with persistent or permanent AF.12 Surprising‑
ly, we found that male sex was associated with 
increased risk of permanent AF development. 
Studies on nonpacemaker populations have not 
identified sex‑related differences with regard to 
permanent AF.34‑36 On the other hand, Veasey et 
al10 showed that in patients with DDD PPM and 
paroxysmal AF, male sex was significantly as‑
sociated with progression to persistent or per‑
manent AF in univariate model, but it was not 
found to be independently significant on mul‑
tivariate analysis.

In the current study, age at baseline was as‑
sociated with permanent AF development. It 
is well recognized that the incidence of AF in‑
creases with age. Age was demonstrated as in‑
dependent factor for AF and chronic permanent 
AF in numerous previous studies.5,8,22,25,29,31,35‑38 
The odds ratio of AF for each decade of advanc‑
ing age was 2.1 for men and 2.2 for women.22

In our population, patients with a history of 
AF had more frequently SSS compared with AVB. 
It is consistent with the findings of Alonso et al,39 
who estimated that the incidence rate of AF was 
10-fold higher in patients with SSS compared 
with those without. In accordance with our find‑
ings, history of AF before pacemaker implanta‑
tion was the strongest independent predictor of 
postimplant AF in both prospective17 and retro‑
spective studies.25,26,37,38

To our knowledge, no randomized large‑scale 
clinical studies have demonstrated so far a more 
deleterious clinical long‑term effect of the RV 
apical pacing compared with septal pacing in 
bradycardia pacemaker recipients with normal 
baseline left ventricular function. A random‑
ized trial comparing sustained apical RV pac‑
ing with septal pacing in patients with high

‑grade AVB failed to demonstrate any difference 
in AF burden over a 2‑year study period.40 Of 
note, a retrospective study involving 477 con‑
secutive patients who underwent PPM implan‑
tation for complete or advanced AVB demon‑
strated that RV pacing in the Hisian area com‑
pared with RV pacing in apical and septal po‑
sitions was associated with lower risk of per‑
sistent / permanent AF after mean follow‑up 
of nearly 5 years.38 Importantly, the reported 
risk of chronic AF development was similar in 
both apical and septal RV pacing groups with 
the rate of progression at 25.7% and 28%, re‑
spectively.38 In keeping with these findings, we 
found that the risk of permanent AF develop‑
ment was similar between patients with api‑
cal and nonapical RV lead position. Moreover, 
the analysis in patients who had a DDD PPM 
implanted during the last decade of the inclu‑
sion period showed similar results.

DISCUSSION  Epidemiology of permanent 
atrial fibrillation in patients with a dual­

‑chamber pacemaker  This study demon‑
strates that the incidence of permanent AF de‑
velopment during a mean 6.5 years of follow
‑up reached 19%. The percentage of patients 
with preimplant AF at baseline amounted to 
34%. Our findings accord with previous pro‑
spective and retrospective reports. In paced 
populations, the incidence of chronic AF was 
several times higher than in nonpaced patients 
and could be estimated at 1.6% to 3.8% per year, 
and from 15% to 20% as a cumulative lifetime 
incidence.17,18 In prospective analyses under‑
taken predominantly in patients with sinus 
node dysfunction implanted with DDD PPM, 
the rate of preimplant AF was between 36% 
and 63%,17,19 ‑21 whereas the incidence of per‑
manent AF was estimated at 8% to 15.2% af‑
ter a mean period of follow‑up from 1.7 to 5.4 
years.17,19 ‑22 Skanes et al23 reported in a prospec‑
tive trial the rate of chronic AF in DDD pace‑
maker population at 2.8% per year. In retro‑
spective studies analyzing permanent AF de‑
velopment, such an endpoint was noted in 6.4% 
to 22% of patients after a mean follow‑up from 
2.7 to 7 years.24 ‑26 Noteworthy, Konieczyńska et 
al27 demonstrated alarmingly low awareness 
of arrhythmia symptoms and their progressive 
nature in patients with AF and with or with‑
out a cardiac device. Only approximately one

‑third of patients who were surveyed in a ter‑
tiary cardiology center perceived AF as a pro‑
gressive disease and a similar proportion of pa‑
tients knew that AF may not always be symp‑
tomatic. Other significant knowledge gaps were 
identified with regard to treatment and com‑
plications. Furthermore, authors found that 
knowledge of AF symptoms and its progressive 
course was significantly worse in patients from 
a small volume district hospital compared with 
peers from a tertiary cardiology center.28 Essen‑
tial and relevant information may be provided 
to patients with AF and a pacemaker at regular 
device follow‑up visits.

Risk factors for permanent atrial fibrillation  
In terms of sex, prevalence and incidence rates 
of AF are higher in men than in women regard‑
less of age.1,8,29‑31 In 2010, the prevalence rates 
were 596 in men and 373 in women, and in‑
cidence rates were 76 in men and 60 in wom‑
en, per 100 000 people.30 After adjustment for 
age and other risk factors, men had a 1.5 to 2 
times greater risk of developing AF than wom‑
en.32,33 However, because women live longer than 
men and the prevalence of AF increases with 
age, the absolute number of women with AF 
exceeds that of men. Potpara et al34 reported 
that paroxysmal AF was more prevalent in wom‑
en than in men at baseline, similarly to our re‑
sults. Of note, recent meta‑analysis including 6 
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we chose to base our analysis on static base‑
line risk factors and complete data for the en‑
tire population.

Another limitation was the lack of continuous 
cardiac rhythm monitoring. The diagnosis of per‑
manent AF was mostly based on standard inter‑
mittent monitoring techniques during pacemak‑
er checks. Pacemakers equipped with automated 
storage of intracardiac electrocardiograms and 
AF diagnostic capabilities were not available for 
more than half of the 30‑year study enrolment 
period. Hence, it is plausible that a considerable 
percentage of our patients with conventionally 
defined permanent AF might have spontane‑
ously reverted into sinus rhythm between year‑
ly follow‑up visits and, in fact, remained in par‑
oxysmal or persistent form of AF.10,42

Conclusions  Our data reveal several impor‑
tant findings, such as the increased risk of per‑
manent AF development in men, and confirmed 
the association with increasing age and histo‑
ry of preimplant AF. On the other hand, the po‑
sition of the RV lead and type of pacing indi‑
cation were not related to permanent AF. Im‑
portantly, these results remained unchanged 
when only the last decade of implantation pe‑
riod was analyzed. Furthermore, the current 
study showed increased mortality rates in pa‑
tients with permanent AF compared with those 
without permanent AF.
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Mortality  In patient aged 55 to 94 years from 
the original cohort of the Framingham study, 
AF was independently associated with a 1.5‑fold 
and 1.9‑fold increased risk of death in men and 
women, respectively.4 Consequently, AF limited 
the advantage that women have over men in re‑
gard to longevity.4 Other authors also observed 
that patients with AF had increased mortality 
risk as compared with those without AF, even 
after accounting for other comorbidities.3,7 Pa‑
tients with incident AF had a 3.5‑fold higher 
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