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BACKGROUND: Atrial conduction delay and its association with
left atrial dimension, left atrial pressure and left ventricular (LV) dias-
tolic dysfunction in patients at risk of atrial fibrillation (AF) may be
assessed by high-resolution electrocardiography of P wave.
OBJECTIVES: To determine how left atrial size, left atrial pressure
and LV diastolic dysfunction, measured noninvasively by transtho-
racic echocardiography, influence atrial conduction time.
METHODS: Signal-averaged electrocardiography of P wave and
echocardiogram were performed on 70 patients (average age of
63+10 years; 37 male and 33 female), divided into three groups:
group A, patients with paroxysmal AF (n=29); group B, patients with
type 2 diabetes mellitus and arterial hypertension, but without AF
(n=23); and group C, healthy control patients (n=18). Standard sta-
tistical methods were used.

RESULTS: Filtered P wave duration, measured by signal-averaged
electrocardiography, was significantly prolonged in group A and

group B compared with control group C (138+12 ms and 125+9 ms
versus 11748 ms; P<0.001 and P<0.01, respectively). Left atrial diam-
eter, area and volume were significantly increased in group A com-
pared with group C (P<0.01, P<0.05 and P<0.001, respectively), but
no significant differences were found in these dimensions between
group B and group C. Left atrial pressure, determined with the
Doppler echocardiographic parameter ratio of early diastolic transmi-
tral velocity to mitral annular early diastolic velocity, was significantly
higher in group A, as well in group B, than group C (P<0.05, P<0.01).
As well, impaired LV relaxation was present more often in group A
(42%) and group B (50%).

CONCLUSION: Atrial conduction delay in patients at risk of AF
(patients with diabetes and hypertension in group B) was associated
with increased left atrial pressure and impaired LV relaxation.
Patients with paroxysmal AF (group A) presented left atrial dilation,
increased left atrial pressure and impaired LV relaxation, and these
factors were associated with more significantly prolonged atrial con-
duction in group A than in group B.
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Atrial fibrillation (AF) is the most common sustained
cardiac arrthythmia, and its prevalence is increasing (1).
AF occurs in 0.3% to 0.4% of the adult population. The
impact of AF on morbidity and mortality is substantial, as
are the socioeconomic consequences. AF is most commonly
seen in patients with underlying structural heart disease,
including hypertensive heart disease, cardiomyopathy, coro-
nary artery disease, valvular heart disease and congestive
heart failure (2).

The substrate, trigger and modulator are included in AF for-
mation. Several factors may contribute to the permanence of
AF, such as slow atrial conduction, shortening of atrial refrac-
toriness and increased size of heart atria. Experimental data
from Allessie et al (3) strongly support the concept originally
proposed by Moe (4) that AF is based on the simultaneous ran-
dom activation of multiple wavelets — the multiple wavelet
hypothesis. The wavelength is a product of refractory period
and conduction velocity. The re-entry is more likely to occur
in conditions of slow conduction velocity and short refractory
periods. The mapping of AF has shown that at least three to six
separate wavelets are necessary for AF maintenance (3).
Enlarged atria are more inclined to AF because a larger area
allows for more re-entry circuits.

Left ventricular (LV) diastolic dysfunction is an important
risk factor of AF because LV diastolic dysfunction has funda-
mental influences on left atrial properties. We attempted to
determine how LV diastolic dysfunction increases left atrial
pressure and left atrial diameter (LAD), both of which influ-
ence atrial conduction times measured noninvasively by signal-
averaged electrocardiography (SAECG) of P wave.

Background of SAECG

SAECG has become an important tool in the evaluation of
patients with ventricular arrhythmias (5). Signal averaging of
the QRS complex from the surface electrocardiogram elimi-
nates random noise, thus permitting the visualization of oth-
erwise undetectable electrocardiographic signals. Recently, in
an effort to identify substrates of atrial arrhythmias, similar
signal-averaging technology has been applied to the P wave
from the surface electrocardiogram. SAECG of P wave has
been shown, in retrospective and prospective studies, to dis-
criminate between patients at risk of AF and those without
risk of AE SAECG of P wave may improve the low sensitivity
of standard ECG of P wave in the detection of patients at risk
of AE However, its role in the clinical management of
patients still remains unclear, partly because standards for
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TABLE 1
Basic characteristics of evaluated groups

Group A Group B Group C  All patients
(n=29) (n=23) (n=18) (n=70) P*

Men, n (%) 14 (48.3) 12(522) 11(61.1) 37(529) NS, NS
Age, years  66.2¢10.6 61.5t+11.4 60.4#5.7  63.7¢102 NS, NS
Weight, kg =~ 82.4+142  78.0+13.0 74.5+12.7 78.7+135 NS, NS
Height, cm 169.418.5 169.8#8.2 171.4+10.1 170.1#8.8 NS, NS
BMI, kg/m?  28.7¢4.0  27.0#3.7 254439 272440 <0.05 NS
BSA, m2 1.93+0.19" 1.89£0.18T 1.874¢0.19t 1.90£0.19" NS, NS

Values are expressed as mean * SD unless otherwise specified. Group A
consists of patients with paroxysmal atrial fibrillation. Group B consists of
patients with type 2 diabetes mellitus and arterial hypertension, but without
atrial fibrillation. Group C consists of control healthy patients. *P values of dif-
ferences between groups A and C and between groups B and C, respectively;
tValues are estimated according to reference 26. BMI Body mass index; BSA
Body surface area; NS Not significant

P wave measurement are not yet available (6). SAECG is a
noninvasive test that takes 30 min to record. Averaging fol-
lowed by amplification after proper filtering of the electrical
signal allows more precise measurements of duration and
amplitude of the P wave. A prolonged filtered P wave dura-
tion (FPD) is one of the best predictors of AE. The main con-
tribution of SAECG is the decrease in noise. The noise is
reduced by a factor of 1/N, in which N is the number of aver-
aged signals. The advantage of the SAECG over the standard
ECG is its ability to record low-amplitude, high-frequency
electrical signals, responsible for delayed myocardial conduc-
tion, a prerequisite component for re-entrant arrhythmias.
Minimizing the value of an alignment error by the ‘template
creation’ technique permits the accurate determination of
the onset and termination of the P wave. SAECG of P wave
has demonstrated good immediate and short-term repro-
ducibility, and this is an important concern in the applicabil-
ity of P wave SAECG in clinical practice.

PATIENTS AND METHODS

Patients

Twenty-nine patients with documented paroxysmal AF
(group A), 23 patients with type 2 diabetes mellitus and essen-
tial arterial hypertension (grade 1 according to the European
Society of Cardiology/European Society of Hypertension clas-
sification) but without documented AF (group B), and
18 healthy control subjects (group C) were evaluated. Basic
characteristics are presented in Table 1. Exclusion criteria
included patients with congestive heart failure, significant
valvular abnormalities, coronary artery disease, thyropathy and
chronic obstructive pulmonary disease. None of the patients
were taking amiodarone within three months of evaluation or
other antiarrhythmic agents within one week before the eval-
uation. All the patients in group A had at least seven days of
sinus rhythm without paroxysm of AFE.

SAECG of P wave

SAECG recordings of P wave were performed using a MAC
5000 ECG machine (GE Medical Systems, USA) according to
a previously described technique (7). The P wave SAECG was
recorded while the patient relaxed in the supine position in a
quiet room. After at least 10 min of complete rest, recordings
were obtained at a paper speed of 200 mm/s using a 40 Hz to
250 Hz bidirectional filter. Data were converted from analogue
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to digital with 12-bit accuracy at a sampling rate of 1 kHz. At
least 300 cycles were averaged, provided that noise level was
maintained at less than 0.5 pV. The filtered X, Y and Z
orthogonal Frank leads were combined into a vector magni-
tude: V(X2 + Y2 + Z2). The FPD of the vector magnitude was
defined as the interval between the onset and offset point.
P wave onset was defined as the first atrial deflection from base-
line noise level, and offset as the return of the atrial signal to
baseline. Root-mean-square (RMS) voltages, representing ampli-
tudes in different segments of the P wave, were also measured.

Transthoracic echocardiography

M-mode and two-dimensional echocardiography (SSD 5000,
Aloka, Japan) were performed in all the patients to determine
left atrial size, LAD in parasternal long-axis projection, left
atrial area (LAarea) in apical four-chamber (A4C) projection
and left atrial volume (LAvol). LAvol was calculated as LAvol =
4/3 x © x (LAD x LAt x LAl / 8), in which LAt and LAI are
transversal and longitudinal diameter of left atrium, respec-
tively, in A4C projection. Pulsed Doppler parameters of early
(E) and late (A) transmitral velocities, deceleration time (dT),
mitral annular early (Em) and late (Am) diastolic velocities,
systolic (S) and diastolic (D) forward flow velocities of pul-
monary veins, and atrial reversal flow velocity were performed
to estimate LV diastolic function and left atrial pressure.
Criteria for LV diastolic dysfunction were impaired relaxation
(E/A ratio of less than 0.75, dT greater than 240 ms); pseudo-
normalization (E/A ratio of 0.75 to 1.5, dT 150 ms to 240 ms,
LAvol greater than 28 mL/m?); and restrictive filling (E/A
ratio greater than 1.5, dT less than 150 ms).

Statistical analysis

Data are expressed as mean + SD. Differences between groups
were assessed by unpaired Student’s ¢t test. y2 test was per-
formed for categorical variables. Tests of the strength of associ-
ation between linear variables were assessed using Pearson
correlations (r, correlation coefficient). Statistical inferences
were significant if the two-tailed probability statistic was less
than or equal to 0.05. All statistical analyses were computed
with SPSS version 10.0 (SPSS Inc, USA) for Windows.

RESULTS

P wave SAECG results are presented in Table 2. FPD was sig-
nificantly prolonged in patients with documented paroxysmal
AF (group A) compared with the control patients (group C).
RMS voltage of terminal 20 ms of P wave (RMS 20), best
among the parameters for expressing terminal low amplitude
signals (RMS 40, RMS 30, RMS 20), was decreased in group A
compared with group C, but the difference was not significant.
FPD was also significantly prolonged in patients with diabetes
and hypertension (group B), but not so markedly as seen in
group A. However, P wave voltages were more reduced in
group B than in group A, especially in the terminal 30 ms and
20 ms segments of P wave. These differences in RMS 30 and
RMS 20 were significant.

In group A compared with group C, all left atrial dimen-
sions were significantly increased, except for transversal diam-
eter of the left atrium (Table 3). The most significant
differences were presented in the LAvol, and the lowest differ-
ences were in the LAarea. There were no significant differ-
ences in atrial dimensions between groups B and C (Table 3).
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TABLE 2
Results of signal-averaged electrocardiography of P wave
Group A Group B Group C
(mean * SD) (mean * SD) (mean % SD) P*

PD, ms 126.8+14.5  114.5:82  109.6¢9.4 <0.001, NS
FPD, ms 138.4£12.4  125.3#9.1 117.2¢7.7  <0.001, <0.01
RMS 40, pv 5.442.0 4.3+1.8 4.9+1.6 NS, NS
RMS 30, pv 4.3+1.8 3.4+1.6 4.8+1.5 NS, <0.01
RMS 20, pv 3.6%1.6 2.9+1.3 4117 NS, <0.05
RMSP, pVv 71422 5.241.5 57+1.6  <0.05, NS
Integral P, yVms 7351232 499+160 499+141  <0.001, NS
Noise, pV 0.39£0.14 0.38£0.17  0.42+0.19 NS, NS

Group A consists of patients with paroxysmal atrial fibrillation. Group B con-
sists of patients with type 2 diabetes mellitus and arterial hypertension, but
without atrial fibrillation. Group C consists of control healthy patients.*P values
of differences between groups A and C and between groups B and C, respec-
tively. FPD Filtered P wave duration; Integral P Integral of P wave; NS Not sig-
nificant;, PD P wave duration;, RMS 20 Root-mean-square voltage of terminal
20 ms of P wave; RMS 30 Root-mean-square voltage of terminal 30 ms of
P wave; RMS 40 Root-mean-square voltage of terminal 40 ms of P wave;
RMSP Root-mean-square voltage of total P wave

TABLE 3
Left atrial dimensions
Group A Group B Group C
(mean * SD) (mean * SD) (mean * SD) P*

LAD, cm 4.1+0.7 3.610.4 3.6+0.3 <0.01, NS
LAD/BSA, cm/m? 2.1£0.3 1.940.3 1.910.2 <0.05, NS
LAarea, cm? 21.6%3.9 18.7+3.6 18.8+2.9 <0.05, NS
LAarea/BSA, cm/m2  10.9+2.1 10.0+1.4 10.1+1.4 NS, NS
LAI, cm 5.2+0.6 4.7+0.5 4.8+0.5 <0.05, NS
LAt, cm 4.5+0.5 4.2+0.4 4.2+0.5 NS, NS
LAvol, cm?3 51.5+12.8 37.849.5 38.3+6.7 <0.001, NS
LAVOI/BSA, cm¥m?2  26.7+7.3 20.3+4.9 20.6+3.2 <0.01, NS

Group A consists of patients with paroxysmal atrial fibrillation. Group B con-
sists of patients with type 2 diabetes mellitus and arterial hypertension, but
without atrial fibrillation. Group C consists of control healthy patients. *P val-
ues of differences between groups A and C and between groups B and C,
respectively. BSA Body surface area; LAarea Left atrial area; LAD Left atrial
diameter; LAl Longitudinal diameter of left atrium; LAt Transversal diameter of
left atrium; LAvol Left atrial volume; NS Not significant

The comparison of left atrial dimensions is also demonstrated
in graphic form (Figure 1).

LV diastolic dysfunction, assessed by early (E wave) and late
(A wave) diastolic transmitral velocity, as well as by dT, was
present in 42% of patients in group A and 50% of patients in
group B. All patients with LV diastolic dysfunction had
impaired relaxation characteristics. All subjects in control
group C demonstrated normal diastolic function of the left
ventricle. Tissue Doppler Em, a preload-independent index of
LV relaxation, was lower in groups A and B than in group C,
but the difference was only significant in group B. Decrease of
the Em/Am ratio may be a reflection of an increase of LV end-
diastolic pressure. Also, tissue Doppler Em/Am ratio was sig-
nificantly decreased only in group B. Enhance of E/Em ratio
strongly correlated with higher left atrial pressure. This ratio
was again increased significantly in group B, but insignificantly
in group A, compared with group C. Doppler velocities of pul-
monary flow were not significantly different between evaluat-
ing groups, except reduced D velocity in group B. Pulsed and
tissue Doppler parameters are shown in Table 4.
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Figure 1) Left atrial dimensions in each group of patients. Group A
consists of patients with paroxysmal atrial fibrillation. Group B consists
of patients with type 2 diabetes mellitus and arterial hypertension, but
without atrial fibrillation. Group C consists of control healthy patients.
*P<0.05; **P<0.01; ***P<0.001. LAarea Left atrial area; LAD
Left atrial diameter; LAwvol Left atrial volume; NS Not significant

TABLE 4
Pulsed Doppler and tissue Doppler echocardiographic
parameters

Group A Group B Group C
(mean * SD) (mean £ SD) (mean * SD) P*

E, m/s 0.65+0.14 0.69+0.17 0.66+0.17 NS, NS
A mis 0.760.21 0.91+0.30 0.67+0.13 NS, <0.01
E/A 0.92+0.38 0.81+0.25 1.04+0.35 NS, <0.05
dT, ms 216+35 227+46 19340 NS, <0.05
Em,cm/s  10.3%3.4 8.8+2.6 11.843.0 NS, <0.01
Am, cm/s  10.9+2.3 12.542.1 12.8+3.3 NS, NS
Em/Am 0.98+0.35 0.71+0.22 0.99+0.37 NS, <0.05
E/Em 7.18+1.99 8.39+3.28 5.70+1.05 <0.05, <0.01
A/Am 7.07+2.46 7.54+3.08 5.04+1.94 <0.05, <0.05
S, cm/s 49.7+11.7 49.1+8.3 53.7+7.7 NS, NS
D, cm/s 37.5+6.8 34.4x4.2 42.4+6.2 NS, <0.001
S/D 1.37+0.37 1.45+0.29 1.2940.23 NS, NS
Ar, cm/s 22.5%2.9 22.9+3.8 23.3+4.3 NS, NS

Group A consists of patients with paroxysmal atrial fibrillation. Group B con-
sists of patients with type 2 diabetes mellitus and arterial hypertension, but
without atrial fibrillation. Group C consists of control healthy patients. *P val-
ues of differences between groups A and C and between groups B and C,
respectively. A Late diastolic transmitral velocity; Am Mitral annular late dias-
tolic velocity; Ar Atrial reversal flow velocity of pulmonary veins; D Diastolic
forward flow velocity of pulmonary veins; dT Deceleration time; E Early dias-
tolic transmitral velocity; Em Mitral annular early diastolic velocity; S Systolic
forward flow velocity of pulmonary veins; NS Not significant
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Figure 2) Positive correlation of filtered P wave duration (FPD) and
left atrial diameter (LAD). v=0.445; P=0.001
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A positive correlation was also demonstrated between FPD
and LAD (r=0.445; P=0.001), LA area (r=0.327; P=0.015)
LAvol (r=0.423; P=0.001), dT (r=0.290; P=0.033), S/D ratio
(r=0.310; P=0.41) and age (r=0.282; P=0.018). On the other
hand, FPD negatively correlated with the D wave (r= —0.318,
P=0.036). Figure 2 shows positive correlation between FPD
and LAD.

DISCUSSION

AF may be caused by abnormalities in atrial conduction. The
relationship between atrial conduction time and P wave dura-
tion indicate that the signal-averaged P wave duration may
serve as a prognostic index for the development of AE Yamada
et al (8) published a preliminary study in which the P wave-
triggered SAECG was used. This method demonstrated signif-
icant differences in the total duration of the P wave, with 82%
specificity and 88% sensitivity for identifying patients at risk of
developing AE Fukunami et al (9) showed that combining P
wave duration and RMS voltage of the last 20 ms measurement
increased the sensitivity and specificity of P wave SAECG to
91% and 76%, respectively, for the development of AE
Moreover, the presence or absence of organic heart disease
appeared to have no effect on the duration of the P wave or
the presence of low-amplitude terminal potentials. P wave
SAECG has also been evaluated prospectively as a predictor
of recurrence of AF after successful cardioversion of paroxys-
mal and chronic AF (10). Most studies have shown that a pro-
longed P wave duration can identify patients at risk of
postoperative AF with a reasonable degree of accuracy (11).
The signal-averaged P wave duration depends on several fac-
tors such as age (12), autonomic tone (13), left atrial dimen-
sion and left atrial pressure.

We evaluated two different groups of patients. Group A
consisted of patients with documented paroxysmal AF. The
recurrence of AF was very frequent in these patients. Patients
in group B had diseases that were predisposing to AF (dia-
betes mellitus and arterial hypertension) without documented
AF. Ostgren et al (14) showed a novel association between
AF and the combined occurrence of type 2 diabetes and
hypertension.

It is known that left atrial enlargement is a risk predictor of
nonrheumatic AF (15). LAvol is also a predictor of severity of
LV diastolic dysfunction (16). The risk of AF enhances with
the severity of LV diastolic dysfunction (17) Also, Tsang et al
(18) demonstrated that the presence and severity of diastolic
dysfunction are independent predictors of first-documented
nonvalvular AF in elderly patients. According to data in
another study by Tsang et al (19), abnormal diastolic function
of the left ventricle was a risk factor for the first episode of AF,
only if atrial dilation (greater than 27 mL/m?) was present.

E/Em ratio and B-type natriuretic peptide have been
shown to correlate with LV filling pressures. Dokainish et al
(20) even demonstrated that mitral E/Em ratio has a better
correlation than B-type natriuretic peptide with pulmonary
capillary wedge pressure (PCWP). Tissue Doppler echocar-
diography is a novel technique for directly measuring
myocardial velocities. Em has been shown to be a relatively
load-independent measure of myocardial relaxation in
patients with cardiac disease (21). Faggiano et al (22) tried to
determine the contribution of left atrial pressure (PCWP by
right-sided heart catheterization) and dimension (echocar-
diography) to signal-averaged P wave duration in patients
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with congestive heart failure. They found that in patients
with chronic heart failure, P wave duration in SAECG seems
to depend more on the level of atrial pressure than on left
atrial dimension.

Our results confirmed that high left atrial pressure,
expressed by increased E/Em ratio, might play a role in pro-
longing P wave duration, as was shown by Doppler parameters
in group B. Prolonged atrial conduction in group B was not
associated with left atrial enlargement. However, other factors
could have contributed to atrial conduction delay in group B,
such as diabetic cardiac autonomic neuropathy. Insulin resist-
ance and impaired glucose control are plausible mechanisms
for development of AE Furthermore, insulin resistance has
been shown to be associated with LV hypertrophy (23). LV
diastolic dysfunction, which is often associated with LV hyper-
trophy, can, through increase of filling pressure, lead to left
atrial enlargement. This could be seen in group A but not in
group B. In interpretating this fact, we should not forget that
structural atrial remodelling is frequent in patients with parox-
ysmal AF, and that this remodelling is usually connected with
left atrial dilation. Because the left atrium is a complex struc-
ture, it is not sufficient to measure only LAD in parasternal
long-axis projection, but measurements of LAarea and LAvol
may also have benefits. We also demonstrated significant dif-
ferences in LAvol compared with LAD. Assessment of LAarea
provided only little benefit, probably because of problems in
identifying the endocardial borderline.

According to our results of E wave velocities, A wave
velocities and dT, LV diastolic dysfunction was present in
approximately one-half of the patients in group A (42%)
and group B (50%). Nagueh et al (22) found that Em was a
preload-independent index of LV relaxation. Mitral E velocity,
corrected for the influence of relaxation (ie, the E/Em ratio), is
strongly related to mean PCWP and may be used to estimate
LV filling pressures. Em/Am ratio was found to be useful in the
estimation of LV end-diastolic pressure (24). The patients with
AF following acute myocardial infarction had reduced Sm and
Em, as well as increased E/Em ratio, compared with those with-
out AE The E/Em ratio appears to be a useful parameter for
assessing the risk of AF occurrence after anterior acute myocar-
dial infarction (25). Also, our results of tissue Doppler param-
eters can be interpreted in this meaning — Em and the ratio of
Em/Am were reduced, and E/Em increased in group A and
especially in group B.

The relationship between S/D ratio and LV diastolic dys-
function is nonlinear. Impaired relaxation leads to a decrease
of the D wave and the S/D ratio to remain higher than one.
Pseudonormalization or restrictive filling is associated with
decreases in S wave; therefore, S/D ratio decreases below one.
In our study, patients with LV diastolic dysfunction presented
only impaired relaxation. Our results (enhanced S/D ratio)
corresponded with this message. Increase of left atrial pres-
sure is also associated with higher velocity of atrial reversal
flow velocity, but we did not find any difference in this
parameter.

Study limitations

Other factors, apart from left atrial pressure and volume, may
determine the electrocardiographic P wave, such as atrial
hypertrophy, atrial fibrosis, autonomic tone and age, etc. It is
known that a paroxysm of AF can be asymptomatic, so we can-
not completely exclude AF in groups B and C.
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CONCLUSION
Early recognition of patients at risk of AF may help to mini-
mize potential health risks, costs and other complications.
P wave SAECG has been shown to discriminate between
patients at risk of AF and those without risk of AE FPD pro-
longation on SAECG may be connected with LV diastolic dys-
function and following an increase of left atrial pressure and
left atrial enlargement; therefore, FPD should be assessed in
patients at risk of AE Combining P wave duration with other
predictors of AF (including echocardiography) may improve
the diagnostic value of P wave SAECG.
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