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change between the baseline PWD values (41.7 ± 8.0 and 
39.7 ± 9.4 ms; p = 0.427).  Conclusion:  Our study revealed that 
patients’ PWDs and maximum P-wave durations were lower 
in the right lateral decubitus lying position than in other po-
sitions. The clinical implication of this study needs to be fur-
ther explored.  © 2014 S. Karger AG, Basel 

 Introduction 

 Heart failure (HF) is one of today’s major health prob-
lems, with increasing prevalence  [1] . In patients hospital-
ized for decompensated HF, new arrhythmias result in 
prolonged hospital stay as well as in increased mortality 
and morbidity rates and are an economic burden  [2] . De-
spite the advances in treatment, HF continues to be an 
important health problem due to its high mortality and 
morbidity rates. 

  During the course of the disease, neuroendocrine and 
circulatory maladaptation processes cause structural, 
contractile and electrical restructuring in the heart tissue. 
As a result of this restructuring, atrial fibrillation (AF) 
develops in association with reentry centers in the atria 
and has adverse effects on the prognosis of the disease and 
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 Abstract 

  Objective:  It was the aim of this study to investigate the ef-
fects of the right lateral decubitus, left lateral decubitus and 
supine lying position on P-wave dispersion (PWD) in patients 
with heart failure (HF).  Subjects and Methods:  Seventeen 
patients with HF whose ejection fraction was <35% were in-
cluded in the study. Right lateral decubitus, left lateral decu-
bitus and supine electrocardiogram (ECG) recordings were 
obtained. The recordings for each of the three positions 
were taken after the patients had maintained each position 
for 30 min to ensure a stabilized hemodynamic position. For 
the baseline recording, in supine position, there was no 30-
min waiting period before the ECG.  Results:  After the right 
lateral decubitus position, there was a statistically significant 
reduction in the longest P-wave duration (100.0 ± 14.5 and 
84.7 ± 16.2 ms; p = 0.001) and a significant decrease in PWD 
(41.7 ± 8.0 and 24.1 ± 7.1 ms; p < 0.0001). After the left lat-
eral decubitus position, there was no significant change be-
tween the baseline PWD values (41.7 ± 8.0 and 40.2 ± 9.7 ms;
p = 0.606). After the supine position, there was no significant 
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the patient’s functional capacity. AF is the most com-
mon arrhythmia in these patients and it develops due to 
left atrial dilatation because of increased intra-arterial 
pressure as well as due to the change in the geometry of 
myofibrils and nonhomogeneous atrial fibrosis. AF also 
significantly increases the patient’s hemodynamic and 
thromboembolic complications and if the sinus rhythm 
is not restored, it continues to be the basic rhythm of the 
patient  [3] .

  P-wave dispersion (PWD), as an important predictor 
of AF, is accepted as a noninvasive and easy-to-use meth-
od  [4] . Surface electrocardiogram (ECG) is the most com-
mon noninvasive method for cardiovascular assessment. 
PWD is the reflection of this abnormal pattern on a 12-
lead ECG and can be described as the difference between 
the longest (P-longest) and the shortest (P-shortest) P-
wave duration. PWD is a measure of heterogeneity of 
atrial refractoriness, and prolonged PWD illustrates in-
tra- and interatrial nonuniform conduction  [5] . Pro-
longed PWD has been reported to be an independent risk 
factor for the development of AF  [6] .

  In patients with HF, posture significantly affects the 
activity of the autonomic nervous system  [7, 8] . In the 
right lateral decubitus position, sympathetic tone is re-
duced while parasympathetic activity increases. There-
fore, this is the preferred lying position for patients with 
HF. An impact of body position habitus on PWD is un-

known. The present study aimed to investigate if different 
lying positions, such as the right lateral decubitus, left lat-
eral decubitus and supine position, have an effect on 
PWD in patients with HF. 

  Subjects and Methods 

 Study Population 
 Seventeen patients (8 males and 9 females) at the Cardiology 

Clinic of Gaziantep University School of Medicine Hospital were 
included in the study. They were diagnosed with HF and hospital-
ized for low left ventricular ejection fraction (<35%). Seven pa-
tients had a diagnosis of ischemic cardiomyopathy while the diag-
nosis of the remaining was nonischemic cardiomyopathy. Exclu-
sion criteria were patients with chronic obstructive pulmonary 
disease, significant valvular heart disease, thyrotoxicosis, hypothy-
roidism, chronic kidney and liver diseases, malignancy, and ane-
mia (hemoglobin <10 g/dl). Electrocardiographic recordings were 
conducted after the patients were hemodynamically stable. The 
recordings were taken in the morning after a whole night without 
drinking to mitigate the circadian variation of the cardiac auto-
nomic nervous activity. Baseline ECG recordings were obtained 
first, followed by the right lateral decubitus, left lateral decubitus 
and supine ECG recordings. The recordings were conducted at 50 
mm/s for all patients. The 12-lead ECG recordings for each of the 
three positions were taken after the patients had lain down in each 
position for 30 min to ensure a stabilized hemodynamic milieu. 
The number of patients in the study group using drugs are as fol-
lows: diuretics (7), angiotensin-converting enzyme inhibitor (11), 
angiotensin receptor blocker (6), β-blocker drugs (17), nitrate (3), 

a b

c d

  Fig. 1.  ECG showing P-longest in different 
lying positions: baseline measurement ( a ), 
after the right lateral decubitus position 
( b ), after the left lateral decubitus position 
( c ), and after the supine position ( d ). It 
should be noted that this ECG was record-
ed at 50 mm/s. 
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and acetylsalicylic acid (10). None of the patients used antiarrhyth-
mic drugs. This study was approved by the Ethics Committee of 
the Gaziantep University.

  Measurement of PWD 
 Patients’ 12-lead surface ECGs were obtained using a Schiller 

ECG device (Schiller AG, Baar, Switzerland). ECG recordings were 
done at the speed of 50 mm/s and an amplitude of 1 mV/cm. Dur-
ing recordings, patients were allowed to breathe regularly but not 
allowed to hold their breath and speak. To reduce the risk of error, 
measurements were performed manually using a ruler and a mag-
nifying glass by two independent observers (M.O., V.D.) who were 
uninformed of the patients’ clinical situation and postural position. 
The beginning of the first P wave was taken at its earliest departure 
of P-wave deflection from the zero isoelectric line, and the end was 
taken at the intersection point with the PR segment ( fig. 1 ). Baseline 
values of P-longest and P-shortest as well as PWDs were measured 
by ECG. The measurements were compared with the values for the 
other lying positions. The baseline position was defined as the su-
pine lying position when the first ECG was taken, previously to the 
three lying positions. Its difference from the supine position was 
that there was no 30-min waiting time before the ECG. 

  Statistical Analysis 
 Statistical Package for Social Sciences version 16.0 was used for 

data analysis, and the output was expressed as the mean ± standard 
deviation. Baseline position parameters and those after the three 
lying positions were evaluated with the Wilcoxon test. The rela-
tionship between these parameters was examined with Spearman’s 
correlation test. A κ test analysis was done for intraobserver vari-
ability (κ test = 66%). A p value <0.05 was considered statistically 
significant in all statistical analyses.

  Results 

 The mean age of the patients was 68 ± 10.2 years (range 
44–78). The demographic, clinical and echocardiograph-
ic characteristics of the patients are given in  table 1 . After 
the right lateral decubitus position, there was a statisti-
cally significant reduction in P-longest (100.0 ± 14.5 and 
84.7 ± 16.2 ms; p = 0.001); moreover, there was a signifi-

cant decrease in PWD (41.7 ± 8.0 and 24.1 ± 7.1 ms; p < 
0.0001). No significant change was observed in P-shortest 
( table 2 ). After the left lateral decubitus position, there 
was no significant change between the baseline values of 
P-longest, P-shortest and PWD, respectively ( table  2 ). 
Similarly, after the supine position, there was no signifi-
cant change between the baseline values of P-longest, P-
shortest and PWD, respectively ( table 2 ). 

 Table 1.  Demographic and clinical characteristics of the patients

Age, years 68 (44 – 78)
BMI 26.5 ± 4.0
Pulse, bpm 75.4 ± 11.2
Blood pressure, mm Hg 

Systolic 119.7 ± 23.7
Diastolic   70.3 ± 13.7

Glucose, mg/dl 128.5 ± 52.6
Urea, mg/dl 45.1 ± 13.6
Creatine, mg/dl 0.9 ± 0.2
Sodium, mmol/l 137.5 ± 2.0
Potassium, mmol/l 4.3 ± 0.5
Triglycerides, mg/dl 143.0 ± 65.1
Total cholesterol, mg/dl 183.5 ± 53.6
HDL, mg/dl 34.0 ± 6.5
LDL, mg/dl 119.3 ± 37.9
Diabetes mellitus, n 8
Smoking, n 6
Hypertension, n 9
CHD, n 7
Male, n 8
Female, n 9
LA diameter, mm 43.3 ± 4.8
EF, % 28.0 ± 5.7

Figures in parenthesis indicate the range. BMI = Body mass 
index; HDL = high-density lipoprotein; LDL = low-density lipo-
protein; CHD = coronary heart disease; LA = left atrium; EF = 
ejection fraction.

Baseline Right lateral 
decubitus

Left lateral 
decubitus

Supine p value

P-longest, ms 100.0 ± 14.5 84.7 ± 16.2 98.2 ± 15.9 98.8 ± 16.5 0.001a

P-shortest, ms 58.2 ± 12.3 60.5 ± 11.9 57.9 ± 11.3 59.4 ± 11.9 >0.05
PWD, ms 41.7 ± 8.0 24.1 ± 7.1 40.2 ± 9.7 39.7 ± 9.4 <0.0001b

Heart rate, bpm 75.4 ± 11.2 75.7 ± 11.7 73.8 ± 12.1 74.5 ± 11.7 >0.05

 a Statistical relationship between the right lateral decubitus position and baseline va-
lues of P-longest. b Statistical relationship between the right lateral decubitus position and 
baseline values of PWD.

 Table 2.  Evaluation of ECG parameters 
based on the patients’ lying position
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  Correlation analysis revealed that there was a negative 
correlation between the serum potassium value and P-
longest (p = 0.036, r = –0.51). However, the PWD and P-
longest values did not prove to be statistically related (p > 
0.05).

  Discussion 

 These findings showed that PWD in patients with HF 
decreased in the right lateral decubitus position and that 
the values of PWD in the right lateral decubitus position 
were statistically lower than those in the other two posi-
tions and at baseline.

  The relationship between P-wave duration and inho-
mogeneous and discontinuous propagation of sinus im-
pulses has been recorded in the literature. Aytemir et al. 
 [9]  stated that there is an increased risk of AF in patients 
with prolonged P-wave duration and increased PWD. 
Atrial tissue heterogeneity is the most important mecha-
nism for the emergence of AF  [10] . A heterogeneous pro-
longed refractory period and conduction velocity in atri-
al tissue as well as the tissue characteristics of forming a 
single-sided block facilitate the development of AF. In tis-
sue with these features, fragmented atrial beats lead to the 
formation of micro-reentry rings and cause dozens of 
high-speed AF foci. PWD is an indirect display of intra- 
and interatrial nonuniform conduction  [11, 12] . Many 
researchers have demonstrated the relationship between 
the development of AF and prolonged PWD  [13, 14] . It 
was also reported that prolonged PWD predicts the de-
velopment of AF, with a sensitivity of 83% and a specific-
ity of 85%  [5] . 

  Fatigue and dyspnea as well as exercise intolerance and 
a poor prognosis are common symptoms among patients 
with HF. Since most HF patients have orthopnea, their 
preferred sleep position is the lateral decubitus position. 
However, there is no consensus about these patients’ 
preference between the right and the left lateral decubitus 
position. Several mechanisms might be responsible for 
the enhancement of vagal modulation and the suppres-
sion of sympathetic modulation when in the right lateral 
decubitus position (the heart is located in a higher posi-
tion, making the pumping of blood easier; the lower po-
sitioning of the right atrium in the right lateral decubitus 
position facilitates greater venous return, resulting in 
greater cardiac output). The right lateral decubitus posi-
tion was found to have the highest vagal enhancing effect 
in young healthy subjects. The views on increased vagal 
modulation in the right lateral decubitus position and on 

low sympathetic modulation mechanism are as follows: 
the right atrium on the right side of the chest is inferior 
to the heart in the right lateral decubitus position, and this 
situation results in an increase in the amount of blood 
returning to the heart. Wall tension of the atrium increas-
es due to the increased venous return, and consequently, 
the plasma atrial natriuretic peptide level rises. Similarly, 
in the right lateral decubitus position, cardiac output in-
creases due to the increased left ventricular preload. As a 
result of high blood pressure, a reduction in plasma nor-
epinephrine levels is observed because of decreased aortic 
baroreceptor stimulation  [15] .

  The autonomic tone was found to be affected by P-
wave duration and PWD  [16] . Patients with dilated car-
diomyopathy were reported to have increased sympa-
thetic activity  [17] . In one study, increased sympathetic 
activity was shown to result in a substantial increase in 
PWD  [18] . Furthermore, it was also reported that pa-
tients with dilated cardiomyopathy had increased maxi-
mum P-wave durations and PWDs when compared to 
healthy control subjects  [19] .

  The limitations of this study include manual measure-
ment and a small number of patients.

  Conclusion 

 Our study of patients with HF showed that the lying 
position had an effect on P-wave duration and PWD on 
the ECG. In the right lateral decubitus position, it was 
found that patients’ PWDs and maximum P-wave dura-
tions were relatively lower. Future studies are warranted 
to determine the impact of the right lateral decubitus po-
sition on the incidence of AF in patients with HF.
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