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Abstract 

Objective  To retrospectively identify risk factors and the prognosis for new-onset atrial fibrillation (AF) after implantation of 

dual-chamber pacemakers in elderly patients. Methods  Consecutive patients aged ≥ 65 years who underwent their first implantation of a 

dual-chamber permanent pacemaker in Beijing Anzhen Hospital from October 2013 to May 2016 were enrolled. Their complete program-

ming and follow-up data were recorded. Follow-up end points included new-onset AF and major adverse cardiovascular and cerebrovascular 

events. Results  Altogether, 322 patients were enrolled, with new-onset AF observed in 79 (24.5%) during their follow-up. Multivariable 

analysis identified four independent predictors of new-onset AF in elderly patients after pacemaker implantation: hypertension (HR = 3.040, 

95% CI: 1.093.05, P = 0.00); age (HR = 1.966, 95% CI: 1.573.68, P = 0.01); left atrial enlargement (HR = 1.645, 95% CI: 1.051.25, P = 

0.03); high ventricular pacing rate (HR = 1.137, 95% CI: 1.011.06, P = 0.01). Univariable analysis indicated that the CHA2DS2-VASc 

score was also a risk factor for AF (HR = 1.368, 95% CI: 1.1781.589, P = 0.002), whereas multivariable regression analysis did not. 

Kaplan–Meier survival analysis showed that the risk for ischemic stroke was significantly higher in the new-onset AF group than in the 

non-AF group (P < 0.05). Conclusion  Hypertension, age, left atrial enlargement, and high ventricular pacing rate were independent 

predictors of new-onset AF in elderly patients after implantation of a permanent pacemaker. New-onset AF increased the risk for ischemic 

stroke. 
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1  Introduction 

Atrial fibrillation (AF) is one of the most common ar-
rhythmias after pacemaker implantation. It greatly increases 
the odds of such complications as thromboembolism and 
heart failure. Previous study had shown that the chance of a 
person suffering from the AF after implantation of a per-
manent pacemaker is higher than it is in those without a 
pacemaker.[1] We detected and diagnosed atrial arrhythmias 
at an early stage by using a pacemaker to monitor the heart 
rhythm. In this study, we identified patients who developed 
new-onset AF after implantation with the help of pacemaker 
programming and follow-up. We then analyzed the risk 
factors and prognosis for new-onset AF in patients aged ≥ 
65 years after implantation of a dual-chamber pacemaker.  
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2  Methods 

2.1  Patients 

We conducted a retrospective analysis of the clinical 
course and follow-up of 322 patients with sick sinus syn-
drome (SSS) and/or atrioventricular block (AVB) undergo-
ing their first implantation of a dual-chamber permanent 
pacemaker in Beijing Anzhen Hospital between October 
2013 and May 2016. Inclusion criteria were (1) age ≥ 65 
years; and (2) class I and IIA indications for permanent 
pacemaker implantation. Exclusion criteria included (1) 
previous electrocardiography (ECG) or Holter monitoring 
that confirmed preoperative AF or atrial flutter; (2) presence 
of congenital heart disease, cardiomyopathy, or valvular 
heart disease; (3) a history of cardiac surgery; (4) moderate 
to severe anemia, thyroid dysfunction, and/or severe liver 
and/or kidney dysfunction; (5) acute myocardial infarction; 
and/or (6) prior cardiac surgery.  

2.2  Procedure 

Baseline data for the patients were collected, including 
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the patient’s name, sex, and age; presence of heart failure; 
history of hypertension, diabetes, old myocardial infarction, 
peripheral vascular disease and/or ischemic stroke/transient 
ischemic attack (TIA); and/or abnormal echocardiographic 
parameters. Atrial (AP%) and ventricular (VP%) pacing 
percentages were recorded after 1, 3, 6, and 12 months and 
then every year thereafter. The risk ratio of the above-
mentioned risk factors for AF was analyzed.  

Each patient underwent preoperative echocardiography, 
and the results were recorded, including the left atrial di-
ameter, right atrial diameter, left ventricular end-diastolic 
diameter, left ventricular ejection fraction, mitral valve, 
tricuspid regurgitation, and pulmonary artery pressure. 

For implantation of the pacemaker and adjustment of its 
settings, the following steps were undertaken. The atrial 
electrode lead of the pacemaker was placed in the right 
atrial appendage and the ventricular lead in the right ven-
tricular apex. The pacing mode was set at DDD, with the 
lower limit of frequency at 60 beats/min and the upper limit 
at 150 beats/min. After implantation, the ventricular priority 
function (“Search AV+, MVP” function of the Vitatiron 
pacemaker, “VIP” function of the St. Jude Medical pace-
maker, “AV Search” function of the Boston Science pace-
maker) was activated, and the atrioventricular (AV) interval 
was extended automatically to minimize ventricular pacing. 
The atrial high-rate episodes (AHRE) recording function 
and automatic-mode conversion were activated by conven-
tion. 

AF is defined as the presence of an AHRE in which > 5 
min of a sustained atrial rate equivalent to > 250 (beats per 
minute bpm) is recorded by the intracavity ECG of the 
pacemaker, and the pacemaker undertakes simultaneous 
automatic-mode conversion. Alternatively, ECG or a 24 h 
Holter monitor records AF during follow-up. 

2.3  Statistical analysis 

SPSS 22.0 software (IBM Corp., Armonk, NY, USA) 
was used for statistical analyses. Quantitative data are re-
ported as means ± standard deviation, and enumeration data 
are expressed with percentages. Quantitative data were 
compared using a t test, and enumeration data were com-
pared using a χ2 test. Cox multivariable analysis was used to 
identify risk factors for AF. Kaplan–Meier and log-rank 
analyses were performed to evaluate the stroke and re-hos-
pitalization rates due to heart failure in patients with new- 
onset AF. The follow-up ended in October 2017. Follow-up 
data that did not represent any significant endpoint events 
were regarded as censored. A value of P < 0.05 was consid-
ered to indicate statistical significance. 

3  Results 

Altogether, 322 patients (166 men, 156 women; age range 
6590 years) were enrolled in this study. The average fol-
low-up time was 30.8 ± 7.9 months (range 1748 months). 
Overall, 79 (24.5%) of the 322 patients were found to have 
new-onset AF at an average follow-up time of 20.6 months 
(range 348 months). Among them, 33 had asymptomatic AF, 
75 had paroxysmal AF, and 4 had persistent AF (Table 1).  

Table 1.  Baseline characteristics of the study population.  

Variables 
Total  

(n = 322) 

AF 

(n = 79) 

No AF  

(n = 243) 
P 

Male 166 42 (53.1%) 124 (51.0%) 0.79

Age 70.8 ± 5.5 74.7 ± 5.7 69.6 ± 4.8 0.00

SSS 185 50 (63.3%) 135 (55.6%) 0.24

cAVB 75 22 (27.8%) 53 (21.8%) 0.29

Heart failure* 40 12 (15.2%) 28 (11.5%) 0.43

Hypertension 175 71 (89.9%) 104 (42.8%) 0.00

Diabetes 83 19 (24.1%) 64 (26.3%) 0.77

Ischemic stroke/TIA 47 12 (15.2%) 35 (14.4%) 0.86

Vascular disease 37 12 (15.2%) 25 (10.3%) 0.23

LAD, mm 37.6 ± 3.8 41.7 ± 2.9 36.3 ± 3.0 0.00

LVEDD, mm 50.1 ± 4.9 50.3 ± 5.4 49.4 ± 4.8 0.24

LVEF% 56.3 ± 5.4 55.5 ± 4.9 56.6 ± 5.4 0.31

AP% 40.0 ± 16.4 45.0 ± 15.6 38.3 ± 16.3 0.01

VP% 48.7 ± 17.1 54.9±12.8 46.5 ± 17.8 0.00

CHA2DS2-VASc score 3.74 ± 1.42 3.27 ± 1.58 2.56 ± 1.32 0.00

Data are presented as means ± SD or n (%). *Patient had been diagnosed 

with heart failure and maintained treatment when cardiac function during 

the perioperative period was grade I (New York Hospital Association clas-

sification); 

Old myocardial infarction or peripheral vascular disease. AP%: 

atrial pacing percentage; cAVB: complete atrioventricular block; LAD:   

left atrial diameter; LVEDD: left ventricular enddiastolic dimension; LVEF:   

left ventricular ejection fraction; SSS: sick sinus syndrome; TIA: transient 

ischemic attack; VP%: ventricular pacing percentage. 

 
Using the abovementioned clinical characteristics of the 

patients, a univariable analysis was performed using the 
Forward LR analysis method. It concluded that six factors 
(i.e., age, hypertension, atrial and ventricular pacing rates, 
left atrial diameter, CHA2DS2-VASc score) were risk fac-
tors for AF. A multivariable regression analysis using a Cox 
regression model then showed that hypertension, age, left 
atrial diameter enlargement, and high ventricular pacing rate 
were independent risk factors for new-onset AF in patients 
aged ≥ 65 years after implantation of a permanent pace-
maker (Table 2). The results of the univariable analysis in-
dicated that CHA2DS2-VASc score was a significant factor  
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Table 2.  Results of stepwise Cox regression analysis. 

Factors HR 95% CI P 

Hypertension 3.040 1.093.05 0.00 

Age 1.966 1.573.68 0.01 

LAD 1.645 1.051.25 0.03 

VP% 1.137 1.011.06 0.01 

CI: confidence interval; HR: hazard ratio. 
 
[hazard ratio (HR) = 1.368, 95% confidence interval (CI): 
1.1781.589, P = 0.002], but the results of multivariable 
regression analysis did not consider it an independent risk 

factor for AF. 
An analysis regarding prognosis was carried out on the 

patients with new-onset AF. During the follow-up period, 
18 patients had been hospitalized because of heart failure. 
Among them, 11 had developed new-onset AF. Moreover, 
15 patients suffered from new-onset ischemic stroke, among 
whom 9 developed new-onset AF. Results of the Kaplan– 
Meier survival analysis and the log-rank analysis showed 
that the risks for ischemic stroke and hospitalization due to 
heart failure were significantly higher in those with new- 
onset AF than in those without it (P < 0.05, Figure 1).  

 

Figure 1.  The distribution of major cardiac and brain adverse events in the population was studied. 

4  Discussion 

Cardiac pacing is the only effective treatment for symp-
tomatic bradycardia. Implantation of a pacemaker reduces 
symptoms caused by an insufficient blood supply to the 
vital organs such as the heart and brain, thereby improving 
patients’ quality of life, sometimes even saving a life. 
Pacemakers, however, alter cardiac electrophysiology and 
hemodynamics, possibly contributing to the occurrence of 
AF. From the perspective of the mechanism of AF, a struc-
tural anomaly of the heart or cardiac muscle is the pathology 
responsible for the onset of AF. Slow intra-atrial conduction, 
anisotropic conduction, and an increased refractory period 
of dispersion comprise the electrophysiological basis of AF. 
Alteration of atrial electrical and ion channel expression and 
dysfunction caused by a pacemaker could contribute to the 
development of AF.[2] 

A slight difference in morbidity was observed for a large 
sample of clinical trials. It was due to differences in the en-

rollment of the target population, the pacing mode used, and 
the definition and diagnostic criteria for AF. In the Pace-
maker Selection in the Elderly (PASE) trial,[3] the incidence 
of AF was 18% during an 18-month follow-up. In the Mode 
Selection Trial (MOST),[4] 15.8% of 2010 patients were 
diagnosed with AF within the first year after pacemaker 
implantation. When the follow-up was extended to 33 
months, the AF incidence was 22.5%. A recent single-center 
Canadian study[5] reported that, among 445 patients who had 
undergone pacemaker implantation, 55.3% developed AF 
within 6 months. Similar to the numbers in these large-scale 
studies, our research, with an average follow-up of 30.8 ± 
7.9 months, showed that 24.5% of pacemaker-embedded 
patients aged ≥ 65 years developed AF. 

Hypertension is the most significant risk factor for AF 
following pacemaker implantation (HR = 3.040). Hyperten-
sion causes AF via various sophisticated mechanisms. It is 
often associated with the development of ventricular hyper-
trophy and diastolic dysfunction, which gradually increase 
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left ventricular end-diastolic pressure, leading to increased 
left atrial pressure. The end results are atrial enlargement 
and fibrosis. 

Aging is also an independent factor for AF develop-
ment.[6] Aging leads to increased myocardial and adipose 
tissue, reduced sinus node function, and slow conduction. 
The left atrium is the target organ for hypertension, heart 
failure, and coronary heart disease. Left atrial enlargement  
becomes an independent risk factor for AF. Studies have 
shown that, with each 5-mm increase in the left atrial di-
ameter, the risk of atrial fibrillation increases by 39%.[7] The 
present research did not show that an increased CHA2DS2- 
VASc score was an independent risk factor for new-onset 
AF, possibly because the CHA2DS2-VASc score includes 
only general risk factors that do not contribute distinctively 
to the disease. 

Saitoh, et al.[8] found that, in AF patients without coro-
nary heart disease, fibrosis and lipomatosis of sinoatrial 
nodal cells were seen and that these cells were significantly 
decreased. It has been suggested that sinoatrial node dys-
function prompts the occurrence of AF. However, the pos-
sibility that patients with SSS have already developed car-
diomyopathy could not be excluded. In SSS patients, there 
are fewer than usual electrical impulses generated from the 
sinus node to the atrium because of the sinus dysfunction, 
causing irregular extopic excitations and reentries. Hence, 
those patients are more likely to develop atrial arrhythmias 
along with the SSS. At the same time, bradycardia prolongs 
the atrial period of vulnerability and increases dispersion of 
the atrial refractory period. Once the premature atrial con-
traction (long-cycle/short-cycle phenomenon) occurs, exci-
tation of atrial cells tends to appear during the vulnerable 
period of the atrium or during the window period of reentry. 
Anisotropic conduction becomes more severe especially 
when atrial cells are damaged. All of these factors trigger 
the occurrence of AF. However, the impact of the atrial 
pacing rate on AF remains controversial.[9,10]  

The large-scale, prospective, randomized, controlled 
study SAFARI[11] showed that dynamic atrial overdrive 
therapy can significantly reduce the AF burden. Another 
study of 301 patients[12] with SSS (ages 7090 years) 
showed that a high atrial pacing rate after pacemaker im-
plantation could reduce the incidence of AF. In addition, a 
meta-analysis evaluating the incidence of AF after cardiac 
surgery showed that an atrial pacing rate slightly higher than 
the patients’ own heart rate could reduce the incidence of 
AF by 37%.[13] Others, however, have reached different 
conclusions. In a meta-analysis, Elkayam, et al.[14] showed 
that a higher atrial pacing rate could strongly increase the 

odds of pacemaker implantation-related AF, and Li’s re-
search[15] showed that AP% ≥ 60% was an independent risk 
factor for pacemaker implantation-related AF in SSS pa-
tients. In our study, the univariable analysis showed that the 
impact of AP% on AF was significant, although the mul-
tivariable regression analysis did not indicate that AP% was 
an independent risk factor. On the one hand, atrial pacing 
stabilizes the atrial conducting pathway by inhibiting atrial 
premature beats, erasing the long interval after atrial pre-
mature beats and reducing the atrial refractory period dis-
persion. On the other hand, it causes non-physiological 
electro-conducting order, prolongs the duration of atrial 
stimulus (causing desynchronized contraction of both atri-
um, delayed left atrial contraction, decreased left ventricular 
filling and increased left atrial pressure), leading to a greater 
chance of developing AF.[16] A sick sinus prompts the 
development of AF itself because of some pathophysiolo-
gical changes. How much the electrophysiological change 
caused by atrial pacing contributes to the occurrence of AF 
is still under debate. 

Minimizing ventricular pacing has been widely accepted. 
A high ventricular pacing rate is significantly associated 
with the occurrence of AF. Studies, including MOST and 
MINERVA, have confirmed that the higher the percentage 
of ventricular pacing, the greater is the incidence of AF.[17,18] 
The SAVE PACE study[19] compared the effects of a high 
ventricular pacing rate versus a minimal ventricular pacing 
rate. Altogether, 1065 SSS cases were randomly assigned to 
either a minimal ventricular pacing group or a fixed short 
AV-interval group. The ventricular pacing percentage of the 
latter group was up to 99%, whereas it was only 9% in the 
former group whose incidence of AF was significantly low-
er than it was in the fixed AV-interval group. Theoretically, 
complete AV block is expected to lead to a high rate of ven-
tricular pacing, but this study did not find that complete AV 
block was a risk factor for AF. This outcome might be re-
lated to the duration of AVB. The follow-up showed that 
most of the third-degree AVB occurred discontinuously, 
with a normal AV interval or second-degree AVB seen in 
between. In addition, a substantial number of elderly pa-
tients suffered from delayed AV conduction together with 
SSS. Even after the AV interval of their pacemaker was 
prolonged, AV conduction by the heart itself was still too 
little and ventricular pacing was still too much. In this re-
search, the high rate of ventricular pacing was an independ-
ent risk factor for AF, whereas there was no significant dif-
ference in the incidence of AF between the SSS and 
third-degree AVB groups. It is thus highly significant if the 
AV interval is optimized to encourage conduction by the 
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heart itself, therefore minimizing the ventricular pacing rate 
after pacemaker implantation. 

During the long-term follow-up, it was found that new- 
onset AF after pacemaker implantation might increase the 
risk of heart dysfunction. In addition, the risk for ischemic 
stroke in patients with AF detected by pacemakers was sig-
nificantly higher than it was in patients without AF. At pre-
sent, the mechanisms and consequences of ischemic stroke 
caused by AF detected by clinical examination are clear. For 
pacemaker-detected AF, however, there are still no adequate 
clinical trials that have explored the contribution of AF to 
ischemic stroke. Also, clinical research has provided no 
evidence to prove that anticoagulation can improve the 
prognosis of AF detected by pacemakers.[20] Larger-scale 
clinical trials are thus needed.  

The aim of this study was to identify risk factors associ-
ated with pacemaker implantation-related AF in elderly 
patients. There were some limitations, however, in our de-
sign: Some of the patients might have had asymptomatic AF 
prior to implantation but were included in the group obser-
vation because of the lack of clinical evidence of AF. In 
addition, the pacemaker itself improved AF monitoring and 
significantly increased the detection of asymptomatic AF.[21] 
These conditions might have allowed us to overestimate the 
incidence of new-onset AF after pacemaker implantation. 
AF has gained an increasing amount of clinical attention. 
We could benefit patients by fully assessing their preopera-
tive risk factors, taking advantage of pacemaker monitoring 
for AF, and strengthening postoperative anti-arrhythmia 
management.  
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