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Abstract
Progression from paroxysmal to persistent atrial fibrillation (AF) is occasionally encountered in patients with previous 
pacemaker implantation (PMI) for the treatment of tachycardia–bradycardia syndrome (TBS). We aimed to determine the 
rate of its incidence occurring within the early years after PMI and the predictors. We studied TBS patients who received 
PMI at 5 core cardiovascular centers. The end point was a conversion from paroxysmal to persistent AF. We extracted 342 
TBS patients out of 2579 undergoing PMI. During 5 ± 3.1 years of follow-up, 114 (33.3%) reached the end point. The time 
to the end point was 2.9 ± 2.7 years. The event rates within a year and 3 years after the PMI were 8.8% and 19.6%, respec-
tively. In the multivariate hazard analyses, hypertension (hazard ratio [HR] 3.2, P = 0.03) and congestive heart failure (HR 
2.1, P = 0.04) were found to be independent predictors of the end point occurring within a year after the PMI. Congestive 
heart failure (HR 1.82, P = 0.04), left atrial diameter of ≥ 40 mm (HR 4.55, P < 0.001), and the use of antiarrhythmic agents 
(HR 0.58, P = 0.04) were independently associated with the 3-year end point. Prediction models including combinations of 
those 4 parameters for the 1- and 3-year incidence both exhibited a modest risk discrimination (both c-statistics 0.71). In 
conclusion, early progression from paroxysmal to persistent AF was less frequent than expected in the TBS patients with 
PMI. Factors related to atrial remodeling and no use of antiarrhythmic drugs may facilitate the progression.
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Introduction

Tachycardia–bradycardia syndrome (TBS) occasionally 
coexists with paroxysmal atrial fibrillation (AF) and is an 
indication for pacemaker implantation (PMI) if it is symp-
tomatic [1, 2]. Given that conversion from paroxysmal AF 
to its persistent form occurs as the natural history of AF 
[3], the phenomenon is often noticed at regular PM clin-
ics in subjects with TBS. Once the conversion to persistent 
AF becomes irreversible, cardiac pacing would be no longer 
necessary, and, at least, the atrial PM lead would become a 
“white elephant”. Therefore, it would be beneficial if phy-
sicians could identify beforehand patients with TBS who 
are likely to develop the progression from paroxysmal to 
persistent AF during the early period following the PMI. We 
therefore in the present study aimed to find out the frequency 
of early progression from paroxysmal to persistent AF and 
its predictors in patients who underwent PMI for the treat-
ment of TBS.
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Methods

Patients

This is a retrospective and multicenter study of progres-
sion from paroxysmal to persistent AF in subjects with 
PMI for the treatment of TBS. The participating institu-
tions included Hiroshima University Hospital, Onomichi 
General Hospital, Tsuchiya General Hospital, Hiroshima 
City Hiroshima Citizens Hospital, and Hiroshima Red 
Cross Hospital and Atomic-bomb Survivors Hospital. We 
reviewed the databases of PMI and electronic charts to 
screen the subjects who newly underwent PMI between 
2007 and 2016, and extracted data of consecutive patients 
who received PMI for the treatment of TBS. Patients were 
excluded if they were followed up for less than 3 years, had 
scant data, had atrial tachyarrhythmias other than AF that 
were responsible for TBS, or had symptomatic episodes of 
sinus bradycardia or sinus arrest without any antecedent 
atrial tachyarrythmia events as well as TBS episodes. We 
did not exclude the patients who underwent surgical or 
catheter ablation of AF before or after the PMI. The study 
protocol was approved by the research committee of each 
institution (E191021-4).

Definition

TBS was defined as an episode of sinus pause longer than 
3 s resulting in syncope or faintness on termination of an 
atrial tachyarrhythmia [4]. The types of AF were defined 
according to the current guidelines [3]. Specifically, parox-
ysmal AF was defined as AF that terminates spontaneously 
or with intervention within 7 days of onset. Persistent AF 
was defined as continuous AF that is sustained beyond 
7 days.

Follow‑up

The patients were followed up at PM clinics over a 
6-month interval. Device interrogations and 12-lead elec-
trocardiograms were routinely performed at each clinical 
visit. Progression from paroxysmal to persistent AF was 
confirmed when AF had sustained for at least 7 days until 
the last interrogation, and AF was also recorded on the 
12-lead electrocardiograms at that time in patients with a 
dual chamber PM. Among the patients with a single cham-
ber PM, progression to persistent AF was diagnosed when 
AF was documented on the 12-lead electrocardiograms at 
2 consecutive clinical visits for PM check [5].

Outcome measure

The end point of the present study was the progression 
from paroxysmal to persistent AF.

Statistical analysis

The continuous variables were summarized as the 
mean ± SD or median with the interquartile range, and 
categorical variables as proportions. A Kaplan–Meier 
analysis was used to assess the time required for the clini-
cal end point. Cox proportional hazard models were used 
to determine the predictors of the endpoint. On the basis 
of the results of a landmark trial [6], the latest algorithm 
of atrial antitachycardia pacing, reactive antitachycardia 
pacing, was included in the models as well as other poten-
tial clinical parameters such as hypertension, enlarged left 
atrium, and congestive heart failure [5, 7]. Parameters with 
a statistical significance in the univariate models were fur-
ther included in the multiple models. On the basis of the 
hazard models and HATCH score [7, 8], prediction models 
for the end point were created. Harrell’s concordance sta-
tistic (c-statistic) was used to investigate the model per-
formance of the prediction models. All statistical analyses 
were performed with the use of JMP software version 15.0 
(SAS Institute, Cary, North Carolina).

Fig. 1  Flowchart detailing the patient recruitment. AF atrial fibrilla-
tion, PMI pacemaker implantation, TBS tachycardia–bradycardia syn-
drome
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Results

Patients

We screened 2579 patients undergoing PMI, and extracted 
434 subjects who received PMI for the treatment of TBS. 
Among them, 92 met the exclusion criteria. We then 
finally analyzed 342 patients (Fig. 1). The mean age was 
77 years, approximately 60% of the patients were female, 
one-fourth had congestive heart failure, and half were pre-
scribed with an antiarrhythmic agent. The mean left atrial 
diameter and median brain natriuretic peptide level were 
41 mm and 131.2 pg/ml, respectively. A single chamber PM 
was implanted in 8.2%, and reactive antitachycardia pacing 
was introduced in 5.8% of the patients. Catheter or surgical 
ablation was performed before the PMI in 18.4% (Table 1). 
Three (0.9%), 7 (2%) and 7 (2%) patients received catheter 
ablation within 1 year, 1–3, and 3–5 years after the PMI, 
respectively.

Outcomes

Out of the 342 patients included, 114 (33.3%) reached the 
clinical endpoint during 5 ± 3.1 years of follow-up (Fig. 2). 
The time to the end point was 2.9 ± 2.7 years. The event 
rates within 1, 3, and 5 years were 8.8%, 19.6% and 26.3%, 
respectively. No subjects reached the end point among the 
patients receiving catheter ablation after the PMI. A total of 
11 (3.2%) patients died before reaching the endpoint.

Predictors of transition to persistent AF

In the multivariate hazard analyses, hypertension, congestive 
heart failure, and brain natriuretic peptide level of ≥ 100 pg/
ml were found to be independent predictors of the clinical 
endpoint that occurred within a year after the PMI (Table 2). 
Left atrial diameter of ≥ 40 mm, congestive heart failure, and 
brain natriuretic peptide level of ≥ 100 pg/ml had an inde-
pendent positive association with, and the use of antiarrhyth-
mic agents had an independent negative association with the 
endpoint occurring within 3 years after the PMI (Table 3).

Prediction models

Based on the hazard analyses, the prediction models were 
created for end points that occurred within a year and 
3 years. Patients with all of the followings were approxi-
mately 9 times more likely than those who did not have 
any of the 3 parameters to have the endpoint observed 
within a year (c-statistic 0.71): hypertension, congestive 

Table 1  Baseline characteristics of the participants

The values are the means ± SDs, n (%), or median [interquartile 
range] as appropriate. Valvular insufficiency includes moderate or 
severe aortic or mitral valve insufficiencies. Non-ischemic cardiomyo-
pathy is defined as the presence of left ventricular systolic dysfunc-
tion with left ventricular ejection fraction of < 40% in the absence of 
significant coronary artery disease or valvular insufficiency.  CHADS2 
score is a measure of risk of stroke in which congestive heart failure, 
hypertension, age of 75 years or older, and diabetes mellitus are each 
assigned 1 point, and previous stroke or transient ischemic attack is 
assigned 2 points. HATCH score is a measure of risk of progression 
from paroxysmal to persistent atrial fibrillation where hypertension, 
age of 75 years or older, and chronic obstructive pulmonary disease 
are each assigned 1 point, and heart failure and stroke or transient 
ischemic attack are each assigned 2 points

Characteristic N = 342

Age—years 77.1 ± 9
Female 205 (59.9)
Body weight—kg 53.9 ± 10.7
Hypertension 229 (67)
Diabetes mellitus 74 (21.6)
Previous stroke or transit ischemic attack 36 (10.5)
Structural heart disease 77 (22.5)
 Ischemic heart disease 48 (14)
 Valvular insufficiency 32 (9.3)
 Non ischemic cardiomyopathy 3 (0.9)

Congestive heart failure 88 (25.7)
Chronic obstructive pulmonary disease 3 (0.9)
Estimated glomerular filtration rate—ml/min/1.73 

 m2
53.8 ± 21.5

Brain natriuretic peptide—pg/ml 131.2 [58–295.5]
Left ventricular ejection fraction—% 64.7 ± 9.3
Left ventricular diastolic dimension—mm 45.4 ± 5.5
Left atrial diameter—mm 40.7 ± 6.6
Antiarrhythmic drug 170 (49.7)
 Class I 91 (26.6)
 Class III 32 (9.4)
 Bepridil 63 (18.4)

β blocker 204 (59.6)
Pacemaker type
 Dual chamber 314 (91.8)
 Single chamber 28 (8.2)
 Reactive antitachycardia pacing 20 (5.8)

Previous atrial fibrillation ablation
 Catheter ablation 58 (17.0)
 Surgical procedure 5 (1.5)

CHADS2 score
 0 31 (9.1)
 1–2 205 (59.9)
 3–6 106 (31.0)

HATCH score
 0 31 (9.1)
 1 72 (21.1)
 2–4 159 (46.5)
 5–7 6 (1.8)
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heart failure, and left atrial diameter of ≥ 40 mm. Patients 
with 2 or all of the factors including congestive heart fail-
ure, left atrial diameter of ≥ 40 mm, and no use of antiar-
rhythmic agents were approximately 4 or 11 times more 
likely than those with none of those 3 parameters to have 
the end point occurring within 3 years, respectively (c-sta-
tistic 0.71, Fig. 3A). The risk stratification with the use 
of the HATCH score did not predict the 1-year end point 
(c-statistic 0.63). Patients with the HATCH score of 5–7 
had about a 5 times higher 3-year incidence of the end 
point as compared to those with the score of 0 (c-statistic 
0.6, Fig. 3B).

Discussion

Major findings

The major findings of the present study were twofold. (1) 
Progression from paroxysmal to persistent AF was observed 
in one-third of the pacemaker patients with TBS during the 
entire follow-up period, and approximately 9% developed 
the event within a year after the PMI. (2) Hypertension, 
enlarged left atrium, congestive heart failure, and no use 
of antiarrhythmic agents predicted the early conversion to 
persistent AF following the PMI.

Rate of progression to persistent AF

The subjects in whom AF coexists with sinus node dysfunc-
tion are known to have atria with extensive electrical and 
structural remodeling [1–3, 9]. The remodeled atrium, in 
turn, facilitates progression of AF, as shown in the present 
study and others [1, 3, 5, 10, 11]. From a syllogistic point of 
view, therefore, it is theoretically possible that the patients 
with both paroxysmal AF and TBS may more often develop 
the progression to persistent AF within the early years than 
those with paroxysmal AF alone. We thus expected its high 
rate prior to the present study. Let us consider the previous 
reports on this topic. There are several reports available on 
the conversion of paroxysmal to persistent AF, thus far [5, 
7, 10, 12]. According to them, the conversion rates range 
from 8.6%/year [5] to 24%/401 days [12]. In the present 
study, the persistent AF conversion rate was 8.8% during 

Fig. 2  Kaplan–Meier estimate of the incidence of conversion from 
paroxysmal to persistent atrial fibrillation. The abbreviations are the 
same as in Fig. 1

Table 2  Predictors of progression to persistent AF within 1 year after PMI

AF denotes atrial fibrillation, PMI pacemaker implantation, CI confidence interval, eGFR estimated glomerular filtration rate

Variables Univariate Multivariate, model 1 Multivariate, model 2

Hazard ratio (95% CI) P value Hazard ratio (95% CI) P value Hazard ratio (95% CI) P value

Age ≥ 75 years 1.88 (0.81–4.35) 0.14
Female 0.77 (0.37–1.60) 0.5
Hypertension 3.64 (1.28–10.39) 0.02 3.20 (1.12–9.18) 0.03 3.28 (0.98–10.96) 0.05
Left atrial diameter ≥ 40 mm 2.61 (1.13–6.07) 0.03 2.10 (0.89–4.97) 0.09 2.41 (0.90–6.46) 0.08
Left ventricular ejection fraction < 60% 1.07 (0.46–2.48) 0.88
Previous stroke or transient ischemic attack 1.61 (0.62–4.17) 0.33
Structural heart disease 1.73 (0.82–3.63) 0.15
Congestive heart failure 2.34 (1.16–4.71) 0.02 2.10 (1.02–4.32) 0.04
Chronic obstructive pulmonary disease 1.49e−8 (NA) 0.99
Brain natriuretic peptide ≥ 100 pg/ml 5.48 (1.65–18.20) 0.006 4.29 (1.28–14.42) 0.02
eGFR < 60 ml/min/1.73  m2 1.42 (0.65–3.09) 0.37
Antiarrhythmic drug 0.67 (0.33–1.36) 0.27
Single chamber pacemaker 2.37 (0.91–6.15) 0.08
Previous atrial fibrillation ablation 0.62 (0.22–1.76) 0.37
Reactive antitachycardia pacing 0.54 (0.07–3.95) 0.53
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the first follow-up year, and it is close to the lowest in that 
range. That was contrary to our expectation. Why is that? 
TBS perhaps could differ from the other forms of sinus node 
dysfunction (sinus bradycardia and sinus arrest) in terms of 
the remodeling. Studies have shown that curative AF abla-
tion can successfully eliminate TBS [13]. Further, a study 
[14] showed that paroxysmal AF subjects with TBS had a 
significantly smaller scar area in the left atrium and had 
trends toward a longer atrial effective refractory period and 
greater conduction velocity as compared to those with the 
other types of sinus node dysfunction. Those studies sug-
gest that “TBS might be associated with transient sinus node 
remodeling or a lesser degree of atrial and sinus remodeling 
compared with the other types of sinus node dysfunction 
[14]”.

Predictors of progression to persistent AF

Several predictors of transition from paroxysmal to persis-
tent AF have been proposed [5, 7, 10]. They include con-
gestive heart failure, hypertension, advanced age, transient 
ischemic attack or stroke, chronic obstructive pulmonary 
disease, bradycardia, angina, valvular deficiencies, and 
enlarged left atrium. The predictors we found in the pre-
sent study were among them. Heart failure and hypertension 
are tightly associated with electroanatomical remodeling of 
human atria [13, 14], and even atrial enlargement itself is 
atrial remodeling [1, 15]. The present study, therefore, con-
firmed the theory again that atrial remodeling plays a crucial 

role in the progression from paroxysmal to persistent AF 
[1, 7, 12].

Unlike previous reports [5, 7, 10], the use of antiarrhyth-
mic drugs prevented the early progression to persistent AF 
in the present study. This may be attributed to the following 
peculiarities of participants in the present study. (1) Bepridil 
was used in one-third of patients who were prescribed anti-
arrhythmic drugs. (2) All patients included were previously 
implanted with pacemaker, and a combination of atrial pac-
ing and antiarrhythmic drugs might have been beneficial.

The prediction models we created and the HATCH score 
[7] shared only 2 components. The following may explain 
the reason why the performances of our models were bet-
ter than the HATCH score in predicting the transition to 
persistent AF in our cohort. (1) The prevalence of chronic 
obstructive pulmonary disease, which is one of the compo-
nents of the HATCH score, was much lower in the present 
study. (2) Left atrial dilatation is not included in the HATCH 
score even though it is almost an undoubted predictor of the 
progression to persistent AF [3, 5, 10]. (3) The participants’ 
background, of course, differed.

Clinical implications

To the best of our knowledge, the present study is the first 
to investigate the transition from paroxysmal to persistent 
AF in subjects implanted with PM for the treatment of 
TBS. The predictors of progression to persistent AF we 
found could be helpful in identifying TBS subjects with 

Table 3  Predictors of progression to persistent AF within 3 years after PMI

The abbreviations are the same as in Table 2

Variables Univariate Multivariate, model 1 Multivariate, model 2

Hazard ratio (95% CI) P value Hazard ratio (95% CI) P value Hazard ratio (95% CI) P value

Age ≥ 75 years 1.43 (0.84–2.43) 0.19
Female 0.90 (0.56–1.47) 0.68
Hypertension 1.57 (0.91–2.72) 0.11
Left atrial diameter ≥ 40 mm 4.37 (2.23–8.59)  < 0.001 4.55 (2.14–9.70)  < 0.001 4.78 (2.13–10.73)  < 0.001
Left ventricular ejection fraction < 60% 1.15 (0.65–2.05) 0.64
Previous stroke or transient ischemic 

attack
1.86 (0.97–3.55) 0.06

Structural heart disease 1.75 (1.04–2.96) 0.04 1.20 (0.66–2.15) 0.55 1.25 (0.71–2.19) 0.43
Congestive heart failure 2.30 (1.41–3.73)  < 0.001 1.82 (1.02–3.23) 0.04
Chronic obstructive pulmonary disease 2.14 (0.29–15.55) 0.45
Brain natriuretic peptide ≥ 100 pg/ml 2.56 (1.41–4.65) 0.002 2.20 (1.07–4.52) 0.03
eGFR < 60 ml/min/1.73  m2 1.23 (0.74–2.06) 0.42
Antiarrhythmic drug 0.61 (0.37–0.99) 0.047 0.58 (0.34–0.97) 0.04 0.57 (0.33–0.99) 0.046
Single chamber pacemaker 1.71 (0.78–3.74) 0.18
Previous atrial fibrillation ablation 0.84 (0.44–1.60) 0.60
Reactive antitachycardia pacing 0.47 (0.11–1.9) 0.29
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a high risk of progression to persistent AF ahead of PMI. 
However, the prediction models we created may not have 
the ability to contribute to the clinical decision making 
regarding whether or not to place an atrial lead in those 
patients, probably due to the lower-than-expected inci-
dence of conversion to persistent AF.

Limitations

We carefully excluded the TBS subjects who also had clin-
ically significant sick sinus syndrome events other than 
TBS events: symptomatic sinus arrest or sinus brady-
cardia. However, we were still unable to exclude the 

Fig. 3  Prediction models for the 1-year and 3-year incidence of pro-
gression from paroxysmal to persistent atrial fibrillation that incorpo-
rate the relevant parameters (A) and HATCH score (B). AAD antiar-

rhythmic drug, CHF congestive heart failure, HT hypertension, LAD 
left atrial diameter, PMI pacemaker implantation
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possibility of their coexistence in some patients. Given 
that a spontaneous reversion from persistent to paroxysmal 
AF has been reported [16], the concept of an irrevers-
ible conversion to persistent AF itself, which is the end 
point of the present study, might be open to question. We 
failed to include sufficient number of patients with reactive 
antitachycardia pacing. This did not allow us to assess its 
efficacy in TBS patients. Although the present study was 
a multicenter study, considering the lower-than-expected 
incidence of the end points, the number of participants 
was probably insufficient. Finally, the present study is a 
retrospective one.
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