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Abstract
Objectives Atrial fibrillation (AF) is thought to be a progres-
sive arrhythmia, starting with short paroxysmal episodes, until
eventually, it becomes permanent. Evidence for this is limited
to studies with short follow-up or with minimal cardiac
rhythm monitoring. We utilised the continuous rhythm mon-
itoring capabilities of implanted pacemakers to define better
the natural history of AF.
Methods The study included 356 patients with pacemaker
devices capable of continuous atrial rhythm monitoring (186
male, mean age (±SD) 79.5±8.9 years). All clinical records,
including history/physical examination reports, laboratory re-
sults, ECGs and Holter monitoring data were reviewed.
Patients were included if AF episodes >30 s were document-
ed. Permanent pacemaker diagnostic data were reviewed at
least every 12 months. ACC/AHA/ESC guidelines were used
to define AF episodes as paroxysmal, persistent or long-
standing persistent/permanent.
Results Study follow-up period (±SD) was 7.2±3.1 years.
Over the study period, 179 of 356 patients (50.3 %) had at
least one episode of persistent AF. Of the 356 patients, 314
(88.2 %) had paroxysmal AF and 42 (11.8 %) had persistent
AF at the time of diagnosis. The predominant AF subtype, at
latest follow-up, was paroxysmal for 192 patients (53.9 %),
persistent for 77 (21.6 %) and long-standing persistent/

permanent for 87 (24.4 %). Univariable predictors of progres-
sion to persistent AF were (1) male gender, (2) increasing left
atrial diameter (LAD), (3) reduced atrial pacing (AP) and (4)
increasing ventricular pacing.
Conclusions Although many patients with AF will have per-
sistent episodes, long-term continuous pacemaker follow-up
demonstrates that the majority will have a paroxysmal, as
opposed to persistent, form of the arrhythmia.
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1 Introduction

Atrial fibrillation (AF) is the most commonly encountered and
most commonly treated cardiac arrhythmia worldwide [1]. It
is a clinically varied disorder with a poorly defined natural
history. Episodes of AF may be (i) paroxysmal—short lived
(<7 days) and self-terminating; (ii) persistent—more long last-
ing (>7 days) or requiring chemical or electrical cardioversion
to terminate or (iii) long-standing persistent/permanent—very
long standing, usually more than 1 year, or attempts to restore
sinus rhythm have proven unsuccessful [2].

In experimental animal models, ‘atrial fibrillation begets
atrial fibrillation’, thus generating hypotheses that in humans,
the condition progresses inexorably from paroxysmal through
persistent to a permanent form of the arrhythmia [3].

Defining the natural history of atrial fibrillation is difficult.
Although in some patients, arrhythmia episodes are frequently
highly symptomatic, some patients have entirely asymptom-
atic episodes or have both symptomatic and asymptomatic
episodes [4–6]. Patients and their physicians are thus often
unaware of the true arrhythmia burden and if there is any
disease progression.
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Modern dual chamber pacemaker devices are capable of
continuous beat-to-beat monitoring of the cardiac rhythm
and are highly sensitive and specific for the detection of AF
episodes and overall AF burden [7–10].

The primary objectives of this study were to define the
long-term natural history of atrial fibrillation using the contin-
uous monitoring capabilities of permanent pacemaker devices
and to assess for independent risk factors of arrhythmia
progression.

2 Methods

2.1 Study design and population

The study protocol was approved by a local institutional re-
view committee. We performed a retrospective cohort study.
Patients with pacemaker devices capable of continuous atrial
rhythm monitoring at our institution were eligible for study
inclusion. All clinical records, including history and physical
examination reports, laboratory results, ECGs and Holter
monitoring data for every outpatient encounter and hospital
admission, were reviewed. Patients were included if AF epi-
sodes >30 s were documented by means of 12 lead ECG,
ambulatory cardiac monitoring or on pacemaker device
Holters.

Demographic data were gained by case note review.
Information gathered included first onset of arrhythmia symp-
toms, method of arrhythmia diagnosis, presence of co-morbid-
ities, medication usage (anti-arrhythmic/anticoagulant/angio-
tensin-converting enzyme (ACE) and angiotensin-II (AT2)
inhibitors/statins), echocardiographic data and requirement
for AF interventions: DC cardioversion, atrioventricular
(AV) node ablation and AF ablation. Permanent pacemaker
diagnostic data were reviewed at least every 12 months in all
patients. Data recorded included the following: AF burden,
AF episode number and atrial and ventricular pacing percent-
age; stored electrograms were reviewed when available.
Modern pacemaker devices have sophisticated AF/AT diag-
nostic algorithms, operational details have previously been
described, a rate of 200 bpm was used to detect atrial arrhyth-
mias [8, 11, 12].

2.2 Definitions

AF was defined as any episode of sustained atrial fibrillation
>30 s. AF burden was defined as the total duration of recorded
AF divided by the duration of cardiac monitoring expressed as
a percentage. AF episode duration was classified as per ACC/
AHA/ESC guidelines: (i) AF episodes terminating spontane-
ously within 7 days are referred to as paroxysmal atrial fibril-
lation; (ii) AF episodes lasting longer than 7 days or requiring
chemical or electrical cardioversion are referred to as

persistent atrial fibrillation; (iii) long-standing persistent AF
is defined as a continuous arrhythmia >1 year in duration and
(iv) permanent AF refers to AF accepted by patient and phy-
sicians or where attempts to restore sinus rhythm have proven
unsuccessful [2, 13].

At study census, patients were categorised into paroxysmal
or persistent AF subtypes if AF episodes were predominantly
less than or greater than 7 days, respectively. If AF episodes
were not interrupted by sinus rhythm in the prior 12 months,
their AF subtype was categorised as long-standing persistent/
permanent.

2.3 Statistical analysis

Data was analysed using SPSS Version 19.0 software (IBM
Corporation, Armonk, New York), and SAS 9.3 (SAS
Institute, Cary, North Carolina). Descriptive data were de-
scribed using standard methods. Continuous variables are
expressed as mean±standard deviation. Means were com-
pared using independent or related sample t tests for paramet-
ric data and the Wilcoxon test or Mann Whitney U test for
non-parametric data as appropriate. Categorical variables
were compared using the chi squared test or Fisher’s exact test
as appropriate. Rates of progression of AF, ischaemic cerebro-
vascular events or death were estimated using Kaplan-Meier
survival analysis. Comparison of survival curves were made
with the log rank test. The ability of multiple variables to
predict progression to persistent AF and risk of death or stroke
were assessed using Cox proportional hazards modelling in-
cluding time-dependent covariates of explanatory variables
listed as time dependencies. Univariable analysis was per-
formed followed by multivariable analysis with backward
elimination. A P value of <0.05 was considered statistically
significant.

3 Results

Four hundred fourteen patients were screened for study inclu-
sion, of which 58 were excluded with no documented atrial
fibrillation. Three hundred fifty-six patients (186 male, mean
age (±SD) 79.5±8.9 years) were included in the study analy-
sis. The study follow-up period (±SD) was 7.2±3.1 years
(min. 1 year, max. 18 years) with continuous cardiac rhythm
monitoring for the duration of follow-up. The average number
of pacemaker device checks (±SD) for each patient was 9.4±
4.6. Age at diagnosis of atrial fibrillationwas 70.5±10.4 years.
Other patient demographics and initial method of AF diagno-
sis are presented in Table 1. Pacing indication was sinus node
disease, atrioventricular node disease and AF in 65.1, 15.9 and
18.4%, respectively; pacing was indicated for other reasons in
0.6 % of the study population. AF represented the pacing
indication as a prelude to AV node ablation or to receive AF
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prevention pacing algorithms. The devices utilised in the
study are listed in Table 2; there are more devices than
patients due to requirement for elective generator
change in some cases. In patients with AF documented
prior to device implantation, diagnosis was made 2.8±
3.3 years (mean±SD) prior. In patients with no previous
history of AF, AF was detected via the device 3.5±
3.1 years (±SD) following device implant. The number
of anti-arrhythmic drugs used (±SD), per patient, was
1.7±1.1.

3.1 Progression of atrial fibrillation

One hundred seventy-nine of the 356 patients (50.3 %)
developed at least one episode of persistent AF over the
study period, mean time to persistent AF was 4.9±
4.3 years and the annual attrition rate was 7.0 %.
Kaplan-Meier estimates of progression to persistent AF
are demonstrated in Fig. 1. Significant univariable predic-
tors of progression to persistent AF were (1) male gender,

(2) increasing left atrial diameter, (3) reduced atrial pacing
and (4) increasing ventricular pacing (hazard ratio (HR)
1.67, 1.38, 0.99 and 1.01, respectively; Table 3a).
Multivariable analysis demonstrated independent predic-
tors of progression to persistent AF to be (1) presence of
co-morbidity, (2) increasing left atrial diameter and (3)
reducing atrial pacing (HR 1.89, 1.50 and 0.99, respec-
tively; Table 3b).

Table 1 Patient demographics

Parameter

Age at study census (years) 79.5±8.9

Age at diagnosis of atrial fibrillation (years) 70.5±10.4

Gender (male %) 52.2

Co-morbidity (%)

Hypertension 46.6

Diabetes mellitus 11.5

Ischaemic heart disease 29.5

Cerebrovascular disease 19.7

Peripheral vascular disease 1.7

Echocardiographic parameters

Left atrial diameter (cm) 4.2±0.7

Left ventricular ejection fraction (%) 62±10

Anti-arrhythmic drug use (%)

Class I 13.2

Class II 40.2

Class III 55.9

Class IV 23.0

Digoxin 18.8

Atrial fibrillation type at diagnosis (n)

Paroxysmal 314

Persistent 42

Long-standing persistent 0

Initial method of atrial fibrillation diagnosis (n)

12-lead ECG 94

24-h Holter 145

7-day event recorder 53

Pacemaker Holter 51

Other 13

Table 2 Devices
utilised in study Pacemaker N=426

Vitatron Diamond 3 8

Vitatron Selection 900 15

Vitatron Selection 9000 77

Vitatron T70 76

ELA Symphony DR2550 90

Medtronic AT501 32

Medtronic EnRhythm P1501 76

Medtronic Sensia 21

Other 31

Fig. 1 Kaplan-Meier estimates of time to occurrence of persistent atrial
fibrillation
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3.2 Predominant AF subtype at diagnosis and study
census

Prevalence of AF subtype (paroxysmal, persistent, long-
standing persistent) at initial diagnosis and at latest follow-
up are demonstrated in Fig. 2. Of the 356 patients, 314 had
paroxysmal AF and 42 had persistent AF at the time of diag-
nosis. The predominant AF subtype, at latest follow-up, was
paroxysmal for 192 patients (53.9 %), persistent for 77
(21.6 %) and long-standing persistent/permanent for 87
(24.4 %). Table 4 demonstrates demographic data for patients
who continued to have predominantly paroxysmal AF com-
pared with those who had predominantly persistent or long-
standing persistent AF. Patients who remained predominantly
in paroxysmal AF at study census had smaller left atrial diam-
eters, higher LV ejection fractions, higher levels of atrial pac-
ing, lower levels of ventricular pacing and took fewer anti-
arrhythmic drugs.

3.3 Ventricular pacing and progression of AF

Average ventricular pacing percentages were shown to be as-
sociated with increased risk of development of a persistent AF
episode. Kaplan-Meier estimates of progression to episodes of
persistent AF are demonstrated in Fig. 3 with average ventric-
ular pacing divided in to quartiles.

3.4 Mortality and ischaemic stroke over study period

Over the period of study follow-up, 62 patients died from all
causes at a mean age of 82.6±5.2 years. Over the period of
study follow-up, 40 patients experienced an ischaemic cere-
brovascular incident. At the time of AF diagnosis, CHA2DS2-
VASc scores were higher in patients who had a stroke versus
those who did not (mean±SD), 2.7±1.3 versus 2.2±1.6, re-
spectively, although this difference was not statistically signif-
icant, P=0.067. Thirty-four of the 40 patients were not on
warfarin at the time of their cerebrovascular event. Figure 4
demonstrates Kaplan-Meier estimates of time to cerebrovas-
cular event according to treatment with warfarin. Univariate
analysis demonstrated predictors of mortality or stroke to be
(1) increasing age, (2) co-morbidity and (3) increasing ven-
tricular pacing (odds ratio (OR) 1.07, 2.66 and 1.01, respec-
tively; Table 5a). AF burden was not demonstrated to be a
predictor of stroke (Table 5a). Multivariable analysis demon-
strated independent predictors of mortality or stroke to be (1)
increasing age and (2) co-morbidity (HR (95 % confidence
interval, CI)) 1.06 (1.03–1.09) and 2.16 (1.35–3.47), respec-
tively; Table 5b).

4 Discussion

This study demonstrates that over nearly 8 years of follow-up
from devices, althoughmany patients with atrial fibrillation do
‘progress’ and develop persistent episodes, the majority con-
tinue to have predominantly paroxysmal episodes of AF.

International guidelines and expert consensus for the man-
agement of atrial fibrillation state that the natural history of the
disease consists of ‘short, rare episodes’ progressing to ‘lon-
ger, more frequent attacks’ and that only a small minority of
patients remain in paroxysmal AF [2]. This progression of
atrial fibrillation from paroxysmal to persistent and perma-
nent forms of the arrhythmia is concluded from the results of
a number of studies [14–18]. Previous studies are signifi-
cantly limited by either short study follow-up times or very
intermittent and infrequent cardiac rhythm monitoring that
reveals a less precise natural history of AF than our own
study utilising the continuous monitoring capabilities of im-
planted pacemakers.

Table 3 Univariate and multivariable predictors of AF progression

Parameter HR 95 % CI P value

Univariate predictors of AF progression

Age 1.012 0.995–1.029 0.174

Gender (male) 1.667 1.234–2.252 0.001

Co-morbidity 1.256 0.930–1.697 0.137

Echocardiographic parameters

Left atrial diameter 1.377 1.140–1.662 <0.001

Left ventricular ejection fraction 0.993 0.976–1.010 0.391

Average atrial pace % 0.990 0.985–0.995 <0.001

Average ventricular pace % 1.006 1.001–1.010 0.013

Multivariable predictors of AF progression

Co-morbidity 1.887 1.252–2.845 0.002

Echocardiographic parameters

Left atrial diameter 1.496 1.217–1.838 <0.001

Average atrial pace % 0.989 0.984–0.995 <0.001

Fig. 2 Distribution of AF subtypes at diagnosis and latest follow-up
(mean of 7.2 years of follow-up)
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4.1 Comparison with previous studies

The Euro Heart Survey on AF followed 5333 patients and
reported follow-up date at 1 year [17]. Of patients with par-
oxysmal AF, 80 % continued to have predominantly paroxys-
mal AF whilst 30 % of patients with persistent AF progressed
to permanent AF. The follow-up of this study was short and
detected AF episodes if patients reported symptoms or spo-
radic ECG recording.

Jahangir et al. reported a natural history of lone atrial fibril-
lation over a 30-year period [15]. Seventy-six patients, mean
age of 44 years at diagnosis, were followed. Patient symp-
toms, intermittent 12 lead ECGs and Holter monitors were
used to diagnose AF episodes. Thirty-one percent of the co-
hort reportedly progressed to permanent AF. At the end of the
study, 57, 8 and 35 % were in paroxysmal, persistent or per-
manent AF, respectively.

The Canadian Registry of Atrial Fibrillation followed 757
patients with an initial diagnosis of paroxysmal AF for a me-
dian of 8.0 years [16]. The study reported progression to
‘chronic’ AF, defined as the presence of AF on two ECGs at
least 1 week apart with no evidence of intervening sinus
rhythm; 8.6 and 24.7 % of patients developed chronic AF at
1 and 5 years, respectively.

Saksena et al. reported on AF progression in patients with
paroxysmal AF following pacemaker implantation [19].
Three hundred thirty patients were included and over the pe-
riod of follow-up, 24 % developed an episode of persistent
AF. Whilst continuous rhythm monitoring was utilised, the
duration of follow-up, a mean of 401 days, was much shorter
than our own study. Nagarakanti et al. reported further analy-
sis of this cohort and elegantly demonstrated recurrent epi-
sodes of persistent AF interspersed by decrementing time in
sinus rhythm [20]. After the third episode of persistent AF,
spontaneous return to SR was not seen but had the follow-up
period been longer, this may have been observed.

Common to all these studies, and our own study, is the
high incidence of time-dependent progression to episodes
of persistent AF. The conclusion that these results repre-
sent inevitable disease progression to permanent AF is,
however, questionable. All of these studies, except the
study by Saksena et al., lacked continuous cardiac rhythm
monitoring that enable insight in to the true natural histo-
ry of AF. Whilst AF may become persistent or be deemed
permanent (46 % of study cohort by censorship), the ma-
jority of patients (54 %) remain in a paroxysmal form and
persistent episodes are frequently interspersed by periods
of sinus rhythm.

Table 4 Demographics of
patients at study census by AF
subtype

Parameter PAF PersAF/long-standing-PersAF P value

Age at study census 78.6±9.5 80.5±8.0 0.045

Age at diagnosis of atrial fibrillation 70.7±10.9 70.3±9.8 0.752

Gender (male %) 46.9 58.5 0.028

Follow-up (years) 6.8±3.1 7.6±3.1 0.011

Co-morbidity (%)

Hypertension 47.4 45.7 0.754

Diabetes mellitus 12.5 10.4 0.530

Ischaemic heart disease 27.1 32.3 0.280

Cerebrovascular disease 16.7 23.2 0.124

Peripheral vascular disease 1 2.4 0.420

Echocardiographic parameters

Left atrial diameter (cm) 3.9±0.8 4.4±0.6 <0.001

Left ventricular ejection fraction (%) 64.3±8.7 59.0±11.0 <0.001

Number of anti-arrhythmic drugs 1.5±1.1 1.9±1.1 <0.001

Anti-arrhythmic drug use (%)

Class I 12.5 14 0.672

Class II 38 42.7 0.371

Class III 45.8 67.7 0.001

Class IV 20.3 26.2 0.187

Digoxin 6.8 32.9 <0.001

Average atrial pace % 55.9±29.7 42.9±30.0 0.001

Average ventricular pace % 40.6±36.1 66.5±32.7 0.001

Atrioventricular node ablation (%) 5.2 26.2 0.001

Atrial fibrillation ablation (%) 6.8 8.5 0.530
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4.2 Ventricular pacing and persistent AF

Recently, several studies have reported the deleterious effects
of right ventricular pacing with regards to development of
persistent atrial fibrillation [21, 22]. The current study sup-
ports these data and illustrates that ventricular pacing may
alter a natural history of the AF in patients with implanted
devices. Our analyses have considered this and our results
assess for changes in AF subtypes independent of ventricular
pacing percentage.

4.3 Predictors of persistent AF, mortality
and cerebrovascular events

Several studies have suggested that co-morbidities and gender
are important factors in the development of persistent and
permanent AF [23–26]. Our study supports these findings
and also demonstrates that structural factors such as left atrial
diameter are important.

This study supports the high mortality rates associated
with AF that have been found in numerous patient popu-
lations [15, 27–30]. This has also been demonstrated in
patients with permanent pacemakers with episodes lasting
longer than 5 min being associated with higher mortality
rates [31].

This study demonstrates the high rates of cerebrovascu-
lar events in patients with atrial fibrillation. The strongest

predictor of these events was a lack of anticoagulation
treatment. There are increasing data highlighting the in-
creased risk of thromboembolic events associated with
both symptomatic and subclinical AF detected via devices

Fig. 3 Kaplan-Meier estimates of time to persistent atrial fibrillation with
low to high levels of right ventricular pacing (P<0.001 for comparison)

Fig. 4 Kaplan-Meier estimates of time to cerebrovascular event
according to treatment with or without warfarin (P<0.001 for
comparison)

Table 5 Univariate and multivariable predictors of mortality or stroke

Parameter HR 95 % CI P value

Univariate predictors of mortality or stroke

Age 1.068 1.038–1.098 <0.001

Gender 0.914 0.604–1.384 0.671

Co-morbidity 2.664 1.671–4.248 <0.001

Echocardiographic parameters

Left atrial diameter 0.924 0.595–1.436 0.726

Left ventricular ejection fraction 0.980 0.948–1.013 0.230

Average atrial pace % 0.998 0.989–1.008 0.739

Average ventricular pace % 1.009 1.000–1.018 0.044

Atrial fibrillation burden 1.005 0.997–1.013 0.239

Multivariable predictors of mortality or stroke

Age 1.059 1.028–1.090 <0.001

Co-morbidity 2.160 1.346–3.465 0.001
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[32, 33]. There are still high rates of under anticoagulation
in these patient populations; the increased use of novel
oral anticoagulants, with easier administration and lower
bleeding risks, may help to address this concern. The
amount of atrial fibrillation experienced (AF burden) was
not a predictor of mortality or stroke in our study (OR
1.005, 95 % CI 0.997–1.013). This highlights the impor-
tance of anticoagulation in patients with episodes of atrial
fibrillation regardless of overall AF burden.

4.4 Study limitations and suggested further research

Our study has a number of limitations. It is a retrospective
analysis of patients with an indication for permanent pace-
maker implantation and results may not be applicable to a
more general population. Ventricular pacing may impact on
a natural history of AF but our analyses have accounted for
this.

Future studies to further describe the natural history of AF
require continuous cardiac monitoring to achieve this.
Implantable loop recorders are likely to be the best way to
achieve this but, at present, follow-up is limited by the battery
life of these devices, typically 2–3 years.

5 Conclusions

Although many patients with atrial fibrillation will have per-
sistent episodes, long-term follow-up with the aid of extensive
continuous rhythm monitoring from implanted cardiac pace-
makers demonstrates, contrary to dogma, that the majority
will continue to have a paroxysmal form of the arrhythmia.
Evaluation and treatment of patients with atrial fibrillation
should not assume a natural and inevitable progression to
persistent or permanent forms of atrial fibrillation.
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