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Relation of gender and interatrial dyssynchrony on tissue Doppler imaging 
to the prediction of the progression to chronic atrial fi brillation in patients 
with nonvalvular paroxysmal atrial fi brillation

Abstract This prospective study aimed to identify the 
relation of gender and interatrial dyssynchrony on tissue 
Doppler imaging (TDI) to the prediction of the progression 
to chronic atrial fi brillation (CAF) in nonvalvular paroxys-
mal AF (PAF) patients. Nineteen consecutive men and 19 
women with nonvalvular PAF were prospectively followed 
after echocardiography. We measured the interval of time 
from initiation of the P wave on the electrocardiogram until 
the beginning of the late diastolic TDI signal at the lateral 
border of the mitral (P-A′(M)) and the tricuspid annulus 
(P-A′(T)). Interatrial dyssynchrony was defi ned as the 
difference between the P-A′(M) and P-A′(T) intervals 
(A′(M)–A′(T)). The study endpoint was the onset of CAF 
(>6 months). Six men developed CAF during a follow-up of 
32 ± 26 months, and 3 women developed CAF during a 
follow-up of 25 ± 19 months. Compared to those without 
CAF, the patients with CAF had signifi cantly longer A′(M)–
A′(T) intervals (men: 41 ± 10 vs 27 ± 12 ms, women: 64 ± 4 
vs 23 ± 9 ms; P < 0.01) in both genders. Kaplan–Meier analy-
sis, using cutoff values determined by analysis of receiver-
operating characteristics curves, revealed that the 
progression to CAF was signifi cantly observed more often 
when A′(M)–A′(T) interval was >34 ms in men and >43 ms 
in women. This prospective study suggests that nonvalvular 
PAF men and women with a high risk of developing 
CAF have “interatrial dyssynchrony” on atrial TDI, whose 
cutoff values are shorter and may affect the vulnerability of 
AF in men.
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Introduction

Atrial fi brillation (AF) is the most common sustained 
arrhythmia,1 and is generally classifi ed as paroxysmal, per-
sistent, or permanent AF.2 Paroxysmal AF (PAF) often pre-
cedes the onset of chronic AF (CAF) (i.e., persistent or 
permanent AF).3 Although various echocardiographic and 
electrocardiographic parameters have been investigated as 
predictors of atrial function as well as of recurrence and 
chronicity of AF,4–9 some authors have questioned their pre-
dictive value and have indicated their limitations.1,10–12 Thus, 
it remains diffi cult to predict progression from PAF to CAF.

Recently, atrial electromechanical abnormalities have 
been reported to promote AF.13–22 These electromechanical 
abnormalities have been assessed by determining the 
time from the onset of the P wave to the beginning of 
atrial contraction using the electrocardiogram (ECG) and 
M-mode or Doppler echocardiography. Sequential analysis 
of atrial electromechanical coupling by tissue Doppler 
imaging (TDI) allows more precise analysis of atrial elec-
tromechanical abnormalities in different regions.16,18–24 Pre-
viously, some gender differences were recognized in atrial 
remodeling after a second episode of AF, which may be the 
reason why the prevalence of atrial fi brillation is higher in 
men than in women.13,25–28 In the present study, we evaluated 
interatrial dyssynchrony (defi ned by the dispersion of right 
and left atrial electromechanical coupling) by using TDI, 
and prospectively investigated the relation of gender and 
interatrial dyssynchrony to the prediction of the transition 
to CAF in nonvalvular PAF patients.
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Patients and methods

Subjects

We screened 336 consecutive patients with PAF who were 
referred to Zentsuji National Hospital (Kagawa, Japan) 
between January 2000 and December 2007. A diagnosis of 
PAF was established if AF terminated spontaneously and 
had generally lasted for less than 48 h on standard ECG or 
24-h Holter ECG recordings.6 Only patients with nonvalvu-
lar PAF, who had “pure” lone PAF or PAF associated 
with mild uncomplicated hypertension, were eligible to be 
enrolled in this study.6 Patients with a history of cardiovas-
cular, pulmonary, or metabolic diseases were excluded. 
Other exclusion criteria were the following echocardio-
graphic fi ndings: signifi cant valvular abnormalities, left ven-
tricular hypertrophy (>12 mm) or abnormal wall motion, 
and left ventricular systolic dysfunction (ejection fraction 
<50%). Patients were also excluded if their baseline rhythm 
was not found to be normal sinus rhythm during echocar-
diographic assessment. As a result, 40 patients with nonval-
vular PAF (21 men; mean age: 71 ± 12 years) were enrolled 
in this study, and were followed prospectively after trans-
thoracic echocardiographic assessment by TDI. The study 
protocol was approved by the institutional ethics commit-
tee, and written informed consent was obtained from all 
subjects prior to enrollment.

Transthoracic echocardiography and defi nition of 
interatrial dyssynchrony

Echocardiographic measurements were carried out pro-
spectively by investigators blinded to clinical data after 
sinus rhythm had been maintained for at least 1 month.29 
Standard transthoracic echocardiography was performed in 
the left lateral position with an Acuson Sequoia 512 system 
(Siemens, Malvern, PA, USA) and a 3.5-MHz transducer.30,31 
The left atrial (LA) and left ventricular (LV) diameters 
were measured from two-dimensional guided M-mode trac-
ings, according to the recommendations of the American 
Society of Echocardiography.31 The LV ejection fraction was 
calculated by Simpson’s method on apical two-dimensional 
images. The LA volume was calculated by Simpson’s method 
from apical four-chamber views obtained just before mitral 
valve opening. Pulsed-wave Doppler recordings of transmi-
tral infl ow (TMF) were obtained in the apical four-chamber 
view with the sample volume placed at the orifi ce of the 
mitral valve. Then the peak early (E) and late (A) diastolic 
fl ow velocity were measured, and the E/A ratio of TMF was 
calculated.

Pulsed-wave tissue Doppler recordings were obtained in 
the apical four-chamber view with the sample volume 
placed at the lateral aspect of the mitral annulus and the 
tricuspid annulus to measure the peak early and late dia-
stolic mitral (E′(M), A′(M)) and tricuspid (E′(T), A′(T)) 
annular velocities.32–34 We also measured the time from ini-
tiation of the P wave on the ECG until the beginning of the 

late diastolic TDI signal at the lateral border of the mitral 
annulus (P-A′(M)) and the tricuspid annulus (P-A′(T)). 
Interatrial dyssynchrony was defi ned as prolongation of the 
difference between the P-A′(M) and P-A′(T) intervals 
(A′(M)–A′(T)) (Fig. 1).19,21,22 All Doppler measurements 
were calculated as the average over three beats.

Follow-up and study endpoint

All patients were followed as outpatients at our institution 
every 1–2 months. The study endpoint was defi ned prospec-
tively as the onset of CAF (persistent or permanent AF) on 
a standard ECG or 24-h Holter ECG during the follow-up 
period. A diagnosis of CAF was established if AF did not 
terminate spontaneously and had generally lasted for more 
than 6 months.35 Patients in whom drug therapy was changed 
during the follow-up period were excluded from this study.

Statistical analysis

Continuous variables are expressed as the mean ± SD and 
were assessed by analysis of variance (ANOVA) followed 
by post hoc multiple comparison. Comparisons between 
clinical variables were done by the chi-squared test. The 
time until the onset of CAF was estimated by the Kaplan–
Meier method, and comparisons between two indices were 
done by the log-rank test. For these analyses, P < 0.05 was 
considered to indicate statistical signifi cance.

Results

Patients’ characteristics

Two men were excluded from follow-up evaluation because 
of changes in antiarrhythmic drugs due to side effects or 
lack of detailed follow-up data. Table 1 summarizes the 
clinical characteristics of the remaining 38 patients (mean 
age: 71 ± 11 years; 19 men) for whom follow-up data were 
available. During an average follow-up period of 32 ± 26 
months (range: 3–94 months), 6 of these 19 men (31.6%) 
developed CAF, and 3 of these 19 women (15.7%) devel-
oped CAF during a follow-up period of 25 ± 19 months 
(range: 2–68 months). Follow-up period was not statistically 
different between men and women. In both genders, there 
were no signifi cant differences between the patients with or 
without progression to CAF with respect to age or use of 
antiarrhythmic agents and other drugs.

Transthoracic echocardiographic parameters and 
interatrial dyssynchrony

The transthoracic echocardiographic data obtained at base-
line are summarized in Table 2. There were no signifi cant 
differences between patients with or without progression to 
CAF with respect to LA and LV morphologic parameters 
(LA diameter, LA volume, LV end-diastolic diameter, and 
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Fig. 1. The P-A′(M) and 
P-A′(T) intervals were measured 
as the time from initiation of the 
P wave on the electrocardiogram 
(ECG) until the beginning of 
the late diastolic tissue Doppler 
imaging (TDI) signal at the 
lateral border of the mitral 
annulus (P-A′(M)) and tricuspid 
annulus (P-A′(T)). Interatrial 
dyssynchrony was defi ned as 
prolongation of the difference 
between the P-A′(M) and 
P-A′(T) interval (A′(M)–A′(T)). 
LA, left atrium; LV, left 
ventricle; RA, right atrium; RV, 
right ventricle

Table 1. Clinical characteristics of the subjects

Overall Men Women

Men Women CAF Not CAF CAF Not CAF

No. of patients 19 19 6 (31.6%) 13 3 (15.7%) 16
Age (years) 65 ± 10 76 ± 9** 67 ± 8 65 ± 11 78 ± 5 76 ± 10
BSA (m2) 1.7 ± 0.1 1.5 ± 0.2** 1.7 ± 0.1 1.7 ± 0.1 1.3 ± 0.1 1.4 ± 0.1
Antiarrhythmic drugs  6 (32%)  6 (32%) 2 (33%) 4 (31%) 1 (33%)  5 (31%)
 Cibenzoline 1 1 0 1 0 1
 Pirmenol 2 2 1 1 1 1
 Pilsicainide 3 3 1 2 0 3
 None 13 13 4 9 2 11
ACE inhibitors 3 2 1 2 0 2
ARB 1 1 0 1 0 1
β-Blockers 1 1 1 0 1 0
Diuretics 2 1 1 1 0 1

Values are mean ± SD or n (%)
CAF, chronic atrial fi brillation; BSA, body surface area; ACE, angiotensin-converting enzyme; ARB, angiotensin II receptor blockers
* *P < 0.01 vs men. There were no signifi cant differences between the patients with and without the transition to CAF in men and women

LV end-diastolic volume) or LV systolic function (LV ejec-
tion fraction) in both genders. Regarding pulsed-wave 
Doppler parameters of TMF, the peak E-wave velocity did 
not differ between patients with or without progression to 
CAF in both genders. However, in our relatively elderly 
patients (mean age: men, 65 ± 10 years, women, 76 ± 9 years), 
men and women who developed CAF had a signifi cantly 
higher peak E/A velocity ratio of transmitral infl ow such as 

“pseudonormalization pattern” (men: 1.45 ± 0.56 vs 0.97 ± 
0.32, P < 0.05; women: 1.27 ± 0.25 vs 0.89 ± 0.23, P < 0.05) 
than those without CAF.

Regarding the pulsed-wave tissue Doppler parameters 
recorded at the mitral and tricuspid annulus, the peak 
E′(M), A′(M), E′(T), and A′(T) velocity and E/E′(M) ratio 
did not differ between patients with or without progression 
to CAF in both genders. However, with respect to interatrial 
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dyssynchrony, men and women with CAF had a signifi cantly 
longer A′(M)–A′(T) interval than those without CAF (men: 
41 ± 10 vs 27 ± 12 ms, P < 0.01; women: 64 ± 4 vs 23 ± 9 ms, 
P < 0.01). The A′(M)–A′(T) interval tended to correlate 
with the LA dimension in women (left atrial diameter: 
r = 0.53, P < 0.05; left atrial volume: r = 0.44, P = 0.06). 
Kaplan–Meier event-free curves for progression to CAF in 
men and women based on interatrial dyssynchrony are 
shown in Fig. 2. Kaplan–Meier analysis with the log-rank 
test, using cutoff values determined by analysis of receiver-
operating characteristics curves, revealed that progression 
to CAF was more frequent when the A′(M)–A′(T) interval 
was >34 ms in men (P < 0.05) and >43 ms in women. Con-
sidering gender differences, cutoff values of A′(M)–A′(T) 
interval for predicting the progression to CAF were shorter 
in men than in women (34 vs 43 ms).

Discussion

Atrial fi brillation is the most common sustained arrhythmia, 
and the prevalence of AF is increasing with an increase in 
the size of the elderly population.1,36 Atrial fi brillation may 
be paroxysmal or persistent and permanent, and it is well 
known that PAF often precedes the development of chronic 
(persistent or permanent) AF.2,3 In this study, during an 
average follow-up period of 32 ± 26 months, 6 of 19 men 
(31.6%) developed CAF, and 3 of 19 women (15.7%) devel-
oped CAF during a follow-up period of 25 ± 19 months. The 
probability of progression to CAF (permanent AF) has 
been reported to be about 8.6% after 1 year, 21% after 2 
years, and 24.7% after 5 years in PAF patients.4,37 Consider-
ing that the prevalence of AF is higher in men than in 

Table 2. Comparisons of echocardiographic parameters and interatrial dyssynchrony between the groups with and without progression to CAF

Overall Men Women

Men Women CAF Not CAF CAF Not CAF

No. of patients 19 19 6 (31.6%) 13 3 (15.7%) 16
LAD (mm) 44 ± 6 44 ± 7 44 ± 5 43 ± 6 51 ± 1 43 ± 7
LAV (ml) 108 ± 24 115 ± 33 114 ± 25 106 ± 24 138 ± 23 111 ± 34
LVDD (mm) 48 ± 5 48 ± 4 47 ± 5 49 ± 5 52 ± 1 47 ± 4
LVEDV (ml) 87 ± 22 68 ± 16** 78 ± 14 92 ± 24 66 ± 14 68 ± 16
LVEF (%) 63 ± 7 67 ± 7* 66 ± 5 61 ± 8 60 ± 1 68 ± 7
TMF
 E velocity (cm/s) 67 ± 16 70 ± 13 73 ± 8 65 ± 19 75 ± 1 69 ± 14
 A velocity (cm/s) 65 ± 18 77 ± 19* 56 ± 22 69 ± 16 61 ± 12 80 ± 19
 E/A ratio 1.12 ± 0.45 0.95 ± 0.27 1.44 ± 0.56† 0.97 ± 0.32 1.27 ± 0.25† 0.88 ± 0.22
TDI
 E′(M) velocity (cm/s) 9.9 ± 2.3 8.2 ± 2.2* 11.2 ± 1.8 9.3 ± 2.3 9.5 ± 1.5 8.0 ± 2.3
 A′(M) velocity (cm/s) 10.3 ± 3.0 9.7 ± 3.0 8.0 ± 1.5 11.4 ± 2.9 7.0 ± 2.0 10.2 ± 2.9
 E′(T) velocity (cm/s) 11.6 ± 3.0 10.9 ± 2.9 11.2 ± 2.9 11.8 ± 3.2 10.5 ± 3.5 10.9 ± 3.0
 A′(T) velocity (cm/s) 15.5 ± 5.6 16.1 ± 4.5 11.8 ± 3.5 17.0 ± 5.7 15.5 ± 2.1 16.2 ± 4.8
 E/E′(M) ratio 7.1 ± 2.1 9.4 ± 4.9 6.7 ± 1.3 7.4 ± 2.4 8.1 ± 1.3 9.6 ± 5.4
 P–A′(T) interval (ms) 137 ± 26 137 ± 25 139 ± 36 136 ± 21 115 ± 35 141 ± 22
 P–A′(M) interval (ms) 169 ± 32 166 ± 21 180 ± 39 163 ± 27 178 ± 38 164 ± 18
 A′(M)–A′(T) interval (ms) 31 ± 13 29 ± 17 41 ± 10†† 26 ± 11 64 ± 4†† 23 ± 9

Values are mean ± SD
CAF, chronic atrial fi brillation; LAD, left atrial diameter; LAV, left atrial volume; LVDD, left ventricular end-diastolic diameter; LVEDV, left 
ventricular end-diastolic volume; LVEF, left ventricular ejection fraction; TMF, transmitral infl ow; TDI, tissue Doppler imaging
* P < 0.05, ** P < 0.01 vs men. † P < 0.05, †† P < 0.01 vs not CAF

Fig. 2. Kaplan–Meier event-free 
curves for progression to chronic 
atrial fi brillation (CAF) in men 
and women based on interatrial 
dyssynchrony. Progression to 
CAF was more frequent when 
A′(M)–A′(T) interval was 
>34 ms in men (P < 0.05) and 
>43 ms in women
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women,26 our results are consistent with these probabili-
ties.4,37 In previous studies, several echocardiographic and 
electrocardiographic parameters (such as the left atrial 
dimension, pulsed-wave Doppler parameters of TMF and 
pulmonary venous fl ow, and P-wave parameters) were 
investigated as predictors of AF, but it still remains diffi cult 
to predict progression from PAF to CAF.4–9

In this study, men and women who developed CAF had 
a signifi cantly higher peak E/A velocity ratio of transmitral 
infl ow such as “pseudonormalization pattern” than those 
without CAF. The E/A ratio of TMF has been used as a 
surrogate marker of LA contractile function.7,8 It has been 
reported that a “pseudorestrictive pattern” of the E/A ratio 
occurs as a result of functional impairment of the LA after 
AF develops.7 These Doppler parameters of TMF, which 
refl ect LA contractile function, were useful for predicting 
progression from PAF to CAF in both genders.7,8 However, 
these Doppler parameters can be infl uenced by factors such 
as the heart rate, preload, and afterload, which limits their 
value as predictors.1

Atrial conduction delay is one of the important features 
of AF.17 Recently, atrial electromechanical abnormalities 
caused by atrial conduction abnormalities have been 
reported as a risk factor for AF.13–22,38 In this study, we used 
TDI to evaluate interatrial dyssynchrony, which was defi ned 
by the dispersion of right and left atrial electromechanical 
coupling. Men and women with CAF had prolonged inter-
atrial dyssynchrony compared to those without CAF. Thus, 
we demonstrated for the fi rst time that interatrial dyssyn-
chrony is useful for predicting progression from PAF to 
CAF in both genders. Dispersion of interatrial electrome-
chanical coupling has been reported in patients with PAF, 
mitral stenosis, scleroderma, and heart failure.19,21,22,38 Cui et 
al. reported that the interatrial electromechanical delay was 
about 25 ms in patients with PAF, which is consistent with 
our results in the PAF men and women without CAF,21 
while men and women with CAF showed more prolonged 
interatrial electromechanical delay. Progression of inter-
atrial conduction abnormalities may be associated with 
nonhomogeneity of atrial conduction and perpetuation of 
AF.4,13–22,38

Considering gender differences, the interatrial electro-
mechanical delay tends to be shorter in CAF men than CAF 
women. Cutoff values of A′(M)–A′(T) interval for predict-
ing the progression to CAF were shorter in men than in 
women (34 vs 43 ms), which might be associated with the 
vulnerability of AF in men.13,25–28 Historically, gender differ-
ence was recognized in atrial remodeling after a second 
episode of atrial fi brillation, which may be the reason why 
the prevalence of atrial fi brillation is higher in men than in 
women.27,28

Previous studies have shown that prolonged right and 
left atrial electromechanical intervals also promote 
AF.18–22,38 However, we could not fi nd any signifi cant differ-
ences of the P-A′(M) and P-A′(T) intervals between our 
patients with or without CAF in both genders. Our patients 
were relatively elderly, and both the P-A′(M) and P-A′(T) 
intervals were longer in the patients without CAF than were 
previously reported for patients with PAF.18–22,38 This might 

have led to the lack of a difference in intra-atrial dyssyn-
chrony.21 Van Beeumen et al. evaluated intra-atrial and 
interatrial dyssynchrony in patients with heart failure by 
color tissue Doppler imaging.38 Their method might evalu-
ate interatrial dyssynchrony more precisely than our TDI 
method.19,21,22,38 However, our method is simple, fast, and 
suffi ciently reliable for clinical use.19,21,22

The LA dimension tended to be enlarged in men and 
women with CAF and it showed a positive correlation with 
interatrial electromechanical delay (A′(M)–A′(T)), but this 
association was not statistically signifi cant. This suggests 
that interatrial dyssynchrony is not only explained by LA 
enlargement, but also by the time of dispersion from electri-
cal activation in the atrium to atrial myocardial contrac-
tion.39 Some authors have reported that the LA structural 
remodeling (i.e., altered atrial tissue architecture or inter-
stitial fi brosis) is important for predicting the restoration of 
sinus rhythm.7,40 Progressive histopathological changes that 
occur in AF, such as atrial fi brosis and loss of atrial muscle 
mass, may lead to nonhomogeneity of atrial conduction and 
perpetuation of AF.4,41

Atrial fi brillation was classifi ed as paroxysmal or chronic 
AF in our study, according to the time when it was per-
formed. Recently, AF has been classifi ed as paroxysmal, 
persistent, and permanent, so using a different classifi cation 
of AF is a limitation.2 In addition, the exclusion criteria for 
the study limited our sample size and the number of patients 
who developed CAF. The A′(M)–A′(T) interval tended to 
be an independent predictor of CAF on multivariate Cox 
proportional hazard analysis, but this might not have been 
statistically signifi cant because of our small CAF group. Our 
small sample size also limited the age-matched comparison 
for predicting CAF. Further prospective studies involving 
more patients are needed to address this subject. Another 
limitation was that we could not characterize the episodes 
of PAF (duration, frequency, and symptoms) before and 
after enrollment, factors that could also infl uence the devel-
opment of CAF, and this could have been helpful to estab-
lish the infl uence of clinical parameters on echocardiographic 
fi ndings.

In conclusion, this prospective study suggested that men 
and women with nonvalvular PAF at high risk for progres-
sion to CAF have “interatrial dyssynchrony” on atrial TDI, 
whose cutoff values were shorter and might affect the vul-
nerability of AF in men. Transthoracic echocardiography 
with TDI may be useful for identifying men and women 
with a high risk for progression from nonvalvular PAF to 
CAF, and has the advantages of being an inexpensive and 
accessible method. Our study provides a basis for further 
prospective trials involving larger numbers of men and 
women.
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