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Key messages

What is already known about this subject?
 ► The prevalence of atrial fibrillation is increasing 
with the ageing of populations in developed 
countries. Paroxysmal atrial fibrillation 
undergoes progression to permanent atrial 
fibrillation. However, the factors that cause the 
progression to permanent atrial fibrillation are 
not well established.

What does this study add?
 ► This study demonstrates that the simple 
parameter of echocardiography might be useful 
for prediction of progression to permanent atrial 
fibrillation. Low peak A velocity could predict 
the progression.

How might this impact on clinical practice?
 ► To identify the predictive factor for progression 
from paroxysmal atrial fibrillation to permanent 
atrial fibrillation may be helpful to delay the 
progression. We could maintain sinus rhythm 
safely by rhythm control therapy in patients 
with low risk of the progression, and we could 
give priority to rate control therapy for patients 
with an increased risk of the progression.

AbsTrACT
Objective Paroxysmal atrial fibrillation could progress 
to permanent atrial fibrillation. Whether the transmitral 
inflow waves could be used to predict progression 
from paroxysmal atrial fibrillation to permanent atrial 
fibrillation is unknown. Therefore, we investigated the 
association between the transmitral inflow waves and 
progression of paroxysmal atrial fibrillation.
Method We performed a retrospective study by 
analysing clinical and echocardiographic data from 88 
patients with paroxysmal atrial fibrillation. We excluded 
patients who had structural heart disease, significant 
valvular disease, cardiomyopathy, cardiac device 
implantation or a left ventricular ejection fraction <50%.
result The patients with progression to permanent 
atrial fibrillation were more likely to be male and had 
lower peak A velocity than those without progression. 
After adjusting for covariates, lower peak A velocity 
remained the independent predictor of progression to 
permanent atrial fibrillation (p=0.025).
Conclusion The A velocity could be useful for predicting 
progression to permanent atrial fibrillation in Asian 
people.

InTrOduCTIOn
Atrial fibrillation (AF) is the most common cardiac 
arrhythmia encountered in clinical practice. The 
prevalence of AF is increasing with the ageing of 
populations in developed countries since it is more 
common among the elderly.1–3 Although AF is some-
times asymptomatic, this arrhythmia is associated 
with stroke and heart failure and, therefore, with 
increased morbidity and mortality. Thus, appro-
priate treatment of AF is required, such as antico-
agulant therapy and rhythm or rate control therapy. 
AF is classified into three categories, which are 
paroxysmal, persistent and permanent.4 It has been 
reported that paroxysmal atrial fibrillation (PAF) 
undergoes progression to chronic AF unresponsive 
to therapy: permanent AF (PeAF) at an annual rate 
of 5.0%–8.6% and that 25% of patients with PAF 
develop PeAF after 5 years.5 Both electrophysiolog-
ical and structural remodelling may contribute to 
the onset and maintenance of AF.6 The factors that 
cause progression from PAF to PeAF are not well 
established. Doppler echocardiography can measure 
blood inflow velocity into the left ventricle across 
the mitral valve, including the peak early inflow 
velocity (E: cm/s) and peak late or atrial inflow 
velocity (A: cm/s), with the latter parameter being 
dependent on atrial contraction. These transmitral 

inflow waves have been used as an index of dias-
tolic dysfunction. When left ventricular relaxation 
becomes abnormal, the left atria–left ventricle pres-
sure gradient in the early diastolic phase decreases 
and E waves decrease. The blood, which remained 
in the left atrium, flows into the left ventricle by 
the effective left atrial contraction, and A waves 
increase. The transmitral inflow waves have been 
reported to be a predictor of new-onset AF,7 8 but 
it is unclear whether the transmitral inflow waves 
could predict progression from PAF to PeAF. The 
aim of this study is to investigate whether the trans-
mitral inflow wave indexes could be useful for 
predicting progression from PAF to PeAF.

MeTHOds
study setting
This is a retrospective study that enrolled outpa-
tients diagnosed with PAF between September 
2010 and June 2013 at the department of cardi-
ology in the Center Hospital of the National Center 
for Global Health and Medicine (Tokyo, Japan). 
Patients with PAF were eligible for inclusion if 
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Figure 1 Flow of patients. *The criteria sometimes overlap with 
each other. PAF, paroxysmal atrial fibrillation; PeAF, permanent atrial 
fibrillation.

Table 1 Clinical characteristics

PeAF (n=21) PAF (n=67) P value

Age (yrs) 73.6±6.7 73.7±6.7 0.945

Sex (male; n, %) 14 (66.7%) 28 (41.8%) 0.0464

Body height (cm) 161.9±8.6 158.7±8.2 0.130

Body weight (kg) 64.8±14.8 60.0±13.7 0.1786

BMI (kg/m²) 24.6±4.7 23.6±4.1 0.3771

PQ time (ms) 187.9±44.0 179.6±32.8 0.3569

E wave (cm/s) 65.1±18.7 66.1±17.6 0.8235

A wave (cm/s) 70.6±13.5 80.7±18.2 0.0224

E/A 0.988±0.46 0.88±0.55 0.4643

DcT (ms) 228.2±43.1 237.9±70.9 0.5566

e′ (cm/s) 5.71±1.68 6.32±1.61 0.137

E/e′ 11.92±3.82 10.80±2.96 0.1621

LVEF (%) 65.6±4.8 66.6±5.4 0.4882

LAD (mm) 40.5±5.0 37.8±5.7 0.0524

BNP (pg/mL) 55.7±33.4 53.4±43.4 0.8217

WBC (/µL) 6289.0±1250.3 5891.2±1838.8 0.3576

Hb (g/dL) 13.4±1.8 13.5±1.4 0.914

Cr (mg/dL) 0.83±0.23 0.86±0.23 0.6945

HTN 15 (71.4%) 44 (65.7%) 0.6243

HL 10 (47.6%) 34 (50.8%) 0.8025

DM 5 (23.8%) 16 (23.9%) 0.995

β-blocker 4 (19.1%) 9 (13.4%) 0.5269

Antiarrhythmics 11 (52.4%) 39 (58.2%) 0.638

CCB 12 (57.1%) 31 (46.3%) 0.3844

ARB/ACE-I 12 (57.1%) 34 (50.8%) 0.6086

Anticoagulants 13 (61.9%) 31 (46.3%) 0.2111

Smoking 11 (52.4%) 22 (32.8%) 0.1065

Ischaemic stroke 3 (14.3%) 5 (7.5%) 0.3426

A, atrial inflow velocity; ACE-I, ACE inhibitor; ARB, angiotensin receptor blocker; BMI, body 
mass index; BNP, brain natriuretic peptide; CCB, calcium channel blocker; Cr, creatinine; 
DM, diabetes mellitus; DcT, deceleration time; E, early inflow velocity; HL, hyperlipidaemia; 
HTN, hypertension; Hb, haemoglobin; LAD, left atrial diameter; LVEF, left ventricular 
ejection fraction; PeAF, permanent atrial fibrillation; WBC, white blood cell.

they were aged 60 years or older, but were excluded if they had 
structural heart disease, significant valvular disease (defined as 
moderate/severe stenosis or regurgitation affecting any heart 
valve on Doppler echocardiography), cardiomyopathy, cardiac 
device implantation, B-type natriuretic peptide >200 pg/mL9 
or a left ventricular ejection fraction <50%. Such patients were 
excluded to avoid the possible influence of these conditions 
on the transmitral inflow indexes. Clinical characteristics and 
echocardiographic parameters were evaluated while the patients 
were in normal sinus rhythm. Then they were classified into 
the group with progression to PeAF (PeAF group) or the group 
without progression (PAF group). Then we compared the groups 
to evaluate the factors that predicted progression from PAF to 
PeAF. And also, we divided all participants into three groups 
according to A-wave velocity. We evaluated the incident rate of 
the progression to PeAF in each group (figure 1).

echocardiography
All patients underwent transthoracic M-mode, two-dimen-
sional and Doppler echocardiography using a Toshiba ultra-
sound system. The left ventricular and left atrial dimensions 
were measured in M-mode according to the recommendations 
of the American Society of Echocardiography.10 After placing 
the cursor at the tips of the mitral valve leaflets in the apical 
four-chamber view, pulse-wave Doppler echocardiography was 
performed to obtain transmitral inflow images for measurement 
of the peak E and A wave velocities, as well as the ratio of these 
velocities (E/A). The deceleration time (DcT; the time between 
peak E and the intersection of the upper deceleration slope and 
the zero baseline) was also measured.

definitions
PAF was defined as documentation of AF and subsequent 
resumption of sinus rhythm on the ECG following diagnosis by 
the referring physician, while PeAF was defined as documenta-
tion of AF on three consecutive ECGs obtained at intervals of at 
least 1 week. Hyperlipidaemia was defined by documentation 
of the diagnosis in the patient’s medical record, current use of 
lipid-lowering agents, a fasting total cholesterol level ≥200 mg/
dL or a low-density lipoprotein cholesterol level ≥140 mg/dL. 
Hypertension was defined as documentation of the diagnosis 
and/or use of antihypertensive medications. Diabetes mellitus 
was defined by the documentation of the diagnosis or treatment 
with oral hypoglycaemic agents or insulin.

statistical analysis
Statistical analysis was performed with SPSS software. The mean 
and SD were calculated for continuous variables, while categor-
ical variables were presented as percentages. To compare base-
line characteristics between patients with or without progression 
to PeAF, we used an independent t-test for continuous varia-
bles and χ2 test for categorical variables. Analysis of covariance 
(ANCOVA) adjusted for confounding factors was performed to 
compare the measurements between groups. Receiver operating 
characteristic (ROC) curves were generated to determine the 
area under the curve (AUC), sensitivity and specificity for the 
predictive variables.

resulTs
Of 88 patients enrolled, 21 patients (23.9%) demonstrated 
progression from PAF to PeAF. Their baseline clinical character-
istics, cardiovascular risk factors, laboratory data and echocardi-
ographic parameters were presented in table 1. Compared with 
patients without progression to PeAF, patients with progression 
were more likely to be male. Patients in the PeAF group had a 
lower peak A velocity than the PAF group (70.6±13.5 cm/s vs 
80.7±18.2 cm/s; p=0.0224). There were no other significant 
differences in participant characteristics. ANCOVA was applied 
to compare the difference between the PeAF group and the PAF 
group, controlling for age, sex and body mass index (BMI). The 
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Table 2 Echocardiographic parameters after adjustment

PeAF (n=21) PAF (n=67) P value

E wave* (cm/s) 66.8±3.91 65.6±2.16 0.787

A wave* (cm/s) 71.2±3.52 80.5±1.95 0.025

E/A* 1.00±0.119 0.87±0.066 0.341

DcT* (ms) 226.4±14.4 238.5±7.9 0.467

e′* (cm/s) 5.79±0.332 6.30±0.183 0.189

E/e′* 12.08±0.604 10.75±0.334 0.059

LVEF* (%) 65.6±1.15 66.6±0.64 0.487

LAD* (mm) 39.8±1.01 38.0±0.56 0.124

The value is shown with adjusted average ±SE.
*Adjusted for age, sex and body mass index.
A, atrial inflow velocity; DcT, deceleration time; E, early inflow velocity; LAD, left atrial 
diameter; LVEF, left ventricular ejection fraction; PeAF, permanent atrial fibrillation.

Figure 2 The incident rate of the progression to permanent atrial 
fibrillation in the three categories of A-wave velocity: A1: low A-wave 
velocity; A2: middle A-wave velocity; A3: high A-wave velocity.

A velocity in the PeAF group remained significantly lower than 
the PAF group (table 2). The relation remained significant after 
controlling for other variables of interest (age, sex, BMI, PQ 
time, E velocity, DcT, e′ velocity, left ventricular ejection frac-
tion, left atrial diameter, hypertension, diabetes mellitus, antiar-
rhythmic drug, other medication and smoking). All participants 
were divided into three groups according to A-wave velocity: 
A1 (n=29, low velocity; 19.6–68.8 cm/s), A2 (n=29, middle 
velocity; 69.2–85.6 cm/s) and A3 (n=30, high velocity; 86.0–
128.5 cm/s). The incident rate of the progression to PeAF in the 
three categories of A-wave velocity is shown in figure 2. The 
incident rate in the group A3 was obviously lower than other 
groups. There were few differences in the incident rate in group 
A1 and group A2. The ROC analysis for the A velocity showed 
an AUC of 0.679 (p=0.0032). The ROC curve revealed a cut-off 
A velocity value of approximately 75.3 cm/s demonstrated sensi-
tivity and specificity of 66.7% and 67.2%, respectively.

dIsCussIOn
In the present study, we performed an evaluation of predictive 
factors in the progression from PAF to PeAF including echo-
cardiographic parameters. The progression rate of 23.9% was 
similar to the rate noted in previous studies.5 11 The present study 
demonstrated that the peak A velocity was independently asso-
ciated with progression from PAF to PeAF in the people without 
underlying heart disease. Results suggested that the patients with 

PAF with the low A wave velocity were likely to progress to 
PeAF. The peak A velocity, a parameter routinely determined by 
echocardiography, could be used to predict the risk of progres-
sion to PeAF. Since transthoracic echocardiography is simple and 
non-invasive test, it is the ideal test for initial assessment of AF.

The A wave reflects atrial contraction and a decreased A wave 
velocity is associated with reduced atrial contraction.12 It has 
been reported that cardioversion of AF to sinus rhythm results 
in systolic stunning of the left atrium, and such left atrial stun-
ning can markedly reduce the mitral A wave velocity in patients 
with recent cardioversion to sinus rhythm.13 It is thought that AF 
progresses to become PeAF because of structural and electrical 
remodelling of the atrium and that a decline of atrial contractility 
with remodelling results in a decrease of the A wave velocity. 
Previous study reported that a high A velocity indicated high 
atrial pressure and there was a U-shaped relation between AF 
development and the A wave.14 Other previous studies reported 
that AF progression was associated with E velocity or E/e′ and 
not with A wave. These results are thought to be due to the 
rising pressure in left ventricular or left atrial chamber. To our 
knowledge, this is the first study to focus on the progression of 
the PeAF only in the patients aged 60 and over with the so-called 
‘idiopathic’ AF. In this study, we restricted the participants who 
were considered to have high left ventricular or atrial pressure 
caused by underlying heart disease other than AF. Thus, we could 
evaluate the association between AF progression and transmitral 
inflow in the situation without pressure overload in left atrium 
caused by underlying heart disease. Left atrial diameter is a 
well-known predictor of AF development or recurrence.11 15 16 
Okçün et al reported that left atrial diameter greater than 45 
mm had been associated with higher AF recurrence rate.17 In 
our study, left atrial size had no significant association with the 
progression to PeAF. This finding is mainly because left atrial 
size in both PAF group and PeAF group are not so large in this 
study. Furthermore, previous studies have identified several 
predictors of progression from PAF to PeAF, including age, left 
atrial diameter, significant aortic stenosis or mitral regurgitation, 
underlying cardiomyopathy and the heart rate during PAF.5 18 19 
Combining the A wave velocity with previously reported factors 
like age or the left atrial diameter might increase the accuracy of 
predicting the progression from PAF to PeAF.

The prevalence of AF is increasing dramatically and is estimated 
to be more than double in the next several decades.20 Previous 
studies described that as PAF progressed to more persistent 
form, the risk of thromboembolism, mortality and comorbidi-
ties, such as heart failure and stroke, were increasing.21 22 And 
the patients became more frequently symptomatic, and AF 
became more uncontrollable. To identify the predictive factor 
for progression from PAF to PeAF can be helpful for early detec-
tion of AF progression and also to reduce the arrhythmia burden 
in patients with AF. With regard to the treatment of AF, the supe-
riority of rhythm control therapy or rate control therapy has not 
been demonstrated and both strategies achieve similar results.23 
Thus, we could maintain sinus rhythm safely by rhythm control 
therapy in patients who do not have an increased risk of progres-
sion to PeAF, improving their quality of life and prognosis. On 
the other hand, we could decrease prescription of antiarrhythmic 
agents and give priority to rate control therapy for patients with 
an increased risk of progression to PeAF.

limitations
This was a retrospective study performed at a single centre, so 
it is impossible to eliminate bias. In addition, the restriction of 
participants (patients without underlying heart disease) limited 
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our sample size. However, an advantage of this study design is 
that the present results might be applicable to similar popula-
tions. Finally, the definition of PeAF in this study is arbitrary. 
Prospective multicentre studies would be needed to obtain 
stronger evidence to confirm our findings.

COnClusIOn
This retrospective study suggests that low peak A velocity could 
predict the progression from PAF to PeAF. The simple parameter 
of echocardiography might be useful for the AF progression. The 
findings in this study would play an important role in the clinical 
practice such as diagnosis, treatment and prognosis of AF.
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