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Objective: P wave dispersion (PD) is considered to reflect the heterogeneous conduction in atria.
We investigated whether there was a correlation between the left ventricular (LV) relaxation and PD.

Method and Results: Fifty-three hypertensive patients ≤60 years old were divided into two groups:
Group A, 27 patients, aged 54 ± 5 years with the impaired LV relaxation and Group B, 26 patients,
aged 51 ± 8 years with normal LV relaxation. The P wave durations were measured in all 12 leads
of ECG and PD was defined as the difference between maximum and minimum P wave duration
(Pmax−Pmin). Mitral inflow velocities (E and A), E deceleration time (DT), isovolumic relaxation
time (IVRT), left atrial and ventricular diameters, and wall thickness of LV were obtained by echocar-
diography. Clinical characteristics of both groups were comparable. The wall thickness of LV, Pmax,
and left atrial dimension were not different in both groups. A velocity was higher (P < 0.001), but E
velocity (P = 0.03) and E/A ratio (P < 0.001) were lower in group A than in group B. IVRT and DT
were also significantly longer in group A. PD was significantly higher in group A compared to group
B (51 ± 9 vs 41 ± 11 ms, P = 0.01). This difference resulted from the Pmin (61 ± 10 vs 67 ± 9 ms,
P = 0.03, respectively). Multivariate analysis revealed a significant correlation between PD and A
velocity (r = 0.46, P = 0.01), E/A ratio (r = −0.53, P = 0.001), DT (r = 0.65, P < 0.001), and IVRT
(r = 0.73, P < 0.001).

Conclusion: This study suggests that impaired LV relaxation contributes to the heterogeneous atrial
conduction in hypertensive patients. A.N.E. 2003;8(3):189–193
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Hypertension is a frequently encountered pathol-
ogy in cases after 30 years of age and results in
formidable complications. It has been cited as the
causative factor for paroxysmal atrial fibrillation
(AF) in 7–10% of cases over the three decades in
a series of 1212 patients with AF.1,2 Intraventricu-
lar high pressure results in deterioration of both
systolic and diastolic function of the left ventri-
cle (LV). It can also affect the morphology, size,
and function of the left atrium.3,4 These changes
in the left atrium (LA) contribute to the discontinu-
ous anisotropic propagation of sinus impulses and
heterogeneous atrial conduction.5 Heterogeneous
conduction is also a risk factor for atrial fibrilla-
tion (AF) in hypertensive patients.6−8 It has been
recently evaluated with a simple ECG index and
the P wave dispersion (PD), which is defined as
the difference between maximum and minimum P
wave durations9 and proposed as being useful for
the prediction of paroxysmal AF.10
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Current evidence suggests that the risk of parox-
ysmal AF is increased in hypertensive patients with
the prolongation of the maximum duration and
PD.6 A previous study demonstrated that atrial di-
latation and depression of LA mechanical functions
secondary to left ventricular dysfunction were re-
lated to the onset of AF in hypertensive patients.11

The purpose of this study was to investigate
whether there is a relationship between PD and
the impaired LV relaxation detected by the Doppler
technique in hypertensive patients with sinus
rhythm.

METHODS

Patients

Fifty-three consecutive hypertensive patients
≤60 years of age were included in the study.
All patients were receiving angiotensin-converting
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Figure1. P wave measurements and P wave dispersion
in hypertensive patients with impaired left ventricular re-
laxation (Group A) and with no impaired left ventricular
relaxation (Group B).

enzyme inhibitors, angiotensin II receptor block-
ers, or diuretics for hypertension. After echocar-
diographic examination, the patients were divided
into two groups: Group A consisted of 27 patients
(mean age = 54.5 ± 5.2 years) with impaired LV
relaxation and group B included 26 patients (mean
age = 51.1 ± 8.2 years) with normal LV relaxation
indexes (Table 1).

Exclusion criteria were as follows: persistent or
permanent AF, bundle branch block, preexcitation

Table1. Clinical and Echocardiographical
Characteristics of the Hypertensive Patients with

(Group A) and without (Group B) the Impaired Left
Ventricular Relaxation

Group A Group B P
(n = 27) (n = 26) value

Mean age (year) 54.5 ± 5.2 51.1 ± 8.2 0.09
Male/Female 11/16 10/16 0.87
Duration of 5.3 ± 4.7 4.5 ± 3.6 0.49

hypertension (year)
Diabetes mellitus 3 (11%) 2 (7.6%) 0.67
Drugs

ACE inhibitors 23 (85.2%) 22 (84.6%) 0.89
Others (ARB 4 (14.8%) 4 (15.4%) 0.93

and diuretics)
IVS (mm) 11.9 ± 1.4 11.6 ± 0.9 0.34
PW (mm) 11.2 ± 1.2 10.9 ± 0.9 0.24
LA dimension (mm) 36.2 ± 4.5 35.3 ± 3.1 0.41
Atrial ejection 44 ± 11 48 ± 9 0.15

fraction (%)

ACE: angiotensin converting enzyme, ARB: angiotensin II
reseptor blocker, IVS: interventricular septum, PW: posterior
wall, LA: left atrium.

syndrome, LV systolic dysfunction, being on antiar-
rhythmic drug therapy, and known structural heart
diseases (valvular, congenital, or coronary heart
disease, cardiomyopathy, pericarditis), except for
hypertension. Most of the patients were receiv-
ing angiotensin-converting enzyme inhibitors or its
combined form with diuretics for hypertension. Di-
abetes mellitus, hyperlipidemia, and duration of
hypertension were also recorded (Table 1).

Electrocardiographic (ECG) Analyses

A 12-lead surface ECG at a paper speed of
50 mm/s and 0.2 mV/mm standardization, was ob-
tained from all patients in the supine position. The
P wave durations were calculated in all 12 leads
of ECG and they were manually measured by the
use of a magnifying glass and a scale graduated in
milliseconds, and by a blinded investigator with no
knowledge of the status of patients.12 The onset of
the P wave was defined as the point of the first visi-
ble upward deflection of the trace from the bottom
of the baseline for the positive waves and as the
point of the first downward deflection from the top
of the baseline for negative waves. The return to
the baseline of the bottom of the trace in positive
waves and of the top of the trace in negative waves
was considered to be the end of the P wave.6−10 The
maximum and minimum durations of the P wave
(Pmax, Pmin) were measured in all of the 12-leads.
The difference between Pmax and Pmin was con-
sidered as PD (PD = Pmax−Pmin) in each of the
ECGs.6−10 The intraobserver reproducibility of the
Pmax, Pmin, and PD was 4 ± 3 ms, 3 ± 2 ms and
1 ± 3 ms in 20 patients, respectively.

Echocardiographic Examination

Transthoracic echocardiography was performed
in the left lateral decubitus position. The LA and
LV dimensions, and the thickness of the ventricu-
lar septum and posterior wall were measured by
the M-mode technique according to the recom-
mendations of the American Society of Echocar-
diography.13 Maximum and minimum LA vol-
umes were calculated from the apical four-chamber
view using the area-length method. Atrial ejection
fraction (AEF) also was calculated from the for-
mula, AEF = (maximum LA volume−minimum LA
volume)/maximum LA volume.7 Pulsed Doppler
recordings of the diastolic mitral inflow velocities
of the E wave, A wave (m/sec), and the E/A ratio
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Table2. P Wave Durations and Diastolic Doppler Indexes in Hypertensive Patients
with (Group A) and without (Group B) the Impaired Left Ventricular Relaxation

Group A Group B P
Variables (n = 27) (n = 26) value

E velocity (m/s) 0.8 ± 0.1 0.9 ± 0.2 0.03
A velocity (m/s) 0.9 ± 0.2 0.7 ± 0.1 <0.001∗

E/A ratio 0.8 ± 0.3 1.2 ± 0.2 <0.001∗

Deceleration time (ms) 254.2 ± 20.3 168.7 ± 27.1 <0.001∗

Isovolumic relaxation time (ms) 128.8 ± 5.2 99.1 ± 4.7 <0.001∗

Pmax (ms) 116.6 ± 6.7 115.3 ± 5.2 0.43
Pmin (ms) 61.5 ± 10.9 67.2 ± 8.8 0.03∗

P wave dispersion (ms) 51.5 ± 9.4 41.2 ± 10.6 0.01

∗:Correlated with P wave dispersion, P < 0.05 significant.

were obtained by placing the sample volume over
the tips of the mitral valve leaflets in the apical
four-chamber view. The mitral E deceleration time
(DT) also was measured.14 Isovolumic relaxation
time (IVRT) also was measured by pulsed Doppler
echocardiography in the apical five-chamber view
as previously described.14 Diastolic mitral flow ve-
locities, DT, and IVRT were obtained on the ba-
sis of the mean of at least three consecutive cy-
cles at the end of normal expiration. The impaired
LV relaxation was defined as having an E/A ra-
tio of <1, DT > 200 ms, and IVRT > 110 ms,
all together.14 Intraobserver variability was, respec-
tively, 8 ± 6 ms for DT and 3 ± 2 ms for IVRT in
20 patients.

Statistical Analyses

Data were presented as the mean ± SD. Statistical
analyses were performed using the Student t-test
for continuous variables and chi-square test for cat-
egorical variables. The influence of various factors
such as age, duration of hypertension, LA dimen-
sion, AEF, thickness of the ventricular septum and
posterior wall on Pmax, Pmin, and PD measure-
ments were investigated by multivariate analysis.
A P value <0.05 was considered significant.

RESULTS

There were no significant differences in age, gen-
der, duration of hypertension, LA dimension, AEF,
septum, and posterior wall thickness of LV between
groups A and B (Table 1).

Mitral E and A velocities were 0.8 ± 0.1 and 0.9 ±
0.2 m/s in group A; 0.9 ± 0.2 and 0.7 ± 0.1 ms in
group B, respectively. Mitral A velocity was signif-

icantly higher (P < 0.001), while E velocity and E/A
ratio was lower in group A (P = 0.03 and P < 0.001,
respectively). The mean durations of DT and IVRT
were significantly longer in group A than in group
B (P < 0.001, Table 2).

P wave dispersion was found to be significantly
higher in group A than in group B (51.5 ± 9.4 vs
41.2 ± 10.6 ms, P = 0.01, Table 2). However, Pmin
was shorter in group A than in group B (61.5 ± 10.3
vs 67.2 ± 8.8 ms, P = 0.03). A significant correlation
was observed between Pmin and PD (r = −0.73,
P < 0.001). The duration of Pmax in both groups
was comparable (P = 0.43, Table 2) (Fig. 1).

By multivariate analysis, A velocity (r = 0.46, P =
0.01), E/A ratio (r = −0.53, P = 0.001, r = 0.65,
P = 0.001), and IVRT (r = 0.73, P = 0.001) were
detected to be significantly associated with PD.

DISCUSSION

To our knowledge, this is the first trial to inves-
tigate whether there is a relationship between PD
and LV diastolic function in hypertensive patients’
sinus rhythm. Hypertension leads to the impair-
ment of LV relaxation and even the reduction in
LV compliance has been reported as the earliest
and most consistent abnormality in the repercus-
sions of hypertension on the heart.15 This impair-
ment contributes toward the increase in dimension
of LA and/or atrial hypertrophy. These morpholog-
ical changes in LA can be responsible for various
atrial arrhythmias.3,7

In a recent study,6 it was shown that hyperten-
sive patients who had a history of AF, had a re-
duced mitral A velocity compared with those who
remained in sinus rhythm. A wave velocity was a
predictive factor for the onset of AF independent
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of age. This finding may be a reflection of an
early deterioration in LA systolic function associ-
ated with hypertension. There was a significant cor-
relation between the A velocity and LA dimension
but not LV hypertrophy. In addition, no significant
correlation was detected between PD and LA di-
mension, LV mass, A velocity, or E/A ratio. How-
ever, a slight correlation existed between Pmax
and LA dimension, and between LV mass and E/A
ratio. Furthermore, another study showed that A
wave velocity was improved or normalized after
surgical reduction of the LA dimension for long-
term AF.16 In this study, however, we also found
that hypertensive patients with impaired LV re-
laxation had an increased A velocity but reduced
E velocity and E/A ratio compared to those with
normal LV functions. AEF, ventricular septum,
and posterior wall thickness were similar in both
groups.

AF is one of the most common arrhythmias1 and
results from the deteriorated atrial conduction that
will manifest as lengthening of the P wave dura-
tion recorded on the ECG.5−10 P wave duration and
PD have been shown to be useful for the detection
of patients at risk of paroxysmal AF.6−10 Dilaveris
et al.9 reported that PD was much longer in patients
with paroxysmal AF than in controls (49 ± 15 vs
28 ± 7 ms, P < 0.05). Using a cutpoint of 40 ms
for PD, they suggested that the patients with a his-
tory of AF could be separated from healthy controls
with a sensitivity of 83% and a specificity of 85%.
Weber et al.17 also found a significant difference in
PD between the patients who developed AF after
coronary artery bypass surgery and those who did
not (49 ± 12 vs 41 ± 12 ms, P < 0.05).

In hypertensive patients, Dilaveris et al.8 showed
that PD was significantly higher in patients with a
history of AF than in those with sinus rhythm (52 ±
19 vs 41 ± 15 ms, P = 0.001). Pmean and Pmin
were significantly lower in patients with a history
of AF than in those without it (P < 0.001). Pmean,
Pmin, and PD were found to be significant predic-
tors of paroxysmal AF in univariate analysis, but
only Pmin remained a predictor of AF in the multi-
variate analysis. They concluded that hypertensive
patients at risk for AF could be detected by P wave
analysis while in sinus rhythm.

In the current study, PD and Pmean were sig-
nificantly longer and Pmin was shorter in patients
with impaired LV relaxation than in those with
normal diastolic function. In multivariate analy-
sis, we found a significant correlation between

PD and mitral inflow velocities, E/A ratio, DT,
or IVRT. However, we did not detect a signifi-
cant correlation between PD and LV wall thick-
nesses, LA dimension, AEF, or the duration of
hypertension.

It has been postulated that there are two kinds of
relations between AF and LA morphological struc-
ture and function. First, the increase in the left
atrial dimension may depress the homogeneous
conduction in atria, and contribute to the devel-
opment AF.18,19 Second, AF itself may damage the
atrial function and result in atrial dilatation.20,21

Barbier et al.8 found that the hypertensive patients
with paroxysmal AF had significantly larger LA
compared to those with no history of AF. On the
other hand, Tukek et al.7 reported no significant
difference in LA dimension between hypertensive
patients with and without a history of AF. In our
study, we found no significant difference in LA di-
mension and AEF between the patients with and
without the delayed LV relaxation.

Study Limitations

There are some limitations of this study. First,
there is no consensus about the cut-off value of
PD that differentiates the patients who have a his-
tory of AF from healthy subjects. Secondly, IVRT
was measured by using the Doppler technique. So,
interobserver and intraobserver variability in the
measurements of IVRT and DT measured by this
technique may be relatively high. In order to min-
imize this variability, these variables were mea-
sured by one investigator with no knowledge of the
status of the patients. Thirdly, LV relaxation is af-
fected by aging. Aging itself can also result in loss of
myocardial fibers and an increase in fatty metamor-
phosis and connective tissue in the atria.22 These
changes may be the cause of the inhomogeneous
electrophysiological properties of the atria rather
than the delayed LV relaxation.

In conclusion, this study shows that there is
a correlation between PD on surface ECG and
LV relaxation indexes in hypertensive patients.
The impaired LV relaxation may contribute to
the heterogeneous atrial conduction in these pa-
tients. However, the underlying electrophysiolog-
ical mechanism is unclear for this longer PD. It
is likely that the increase of PD in hypertensive
patients may represent a pathological process in
atrium that creates an environment for AF in the
future.
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