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ABSTRACT 
Objectives: To describe the usefulness of the Electrocardiogram (ECG) changes in determination of the 

chronic lung diseases pattern (obstructive or restrictive) depending on the changes in the frontal P-wave axis. 

Methods: This study was carried out at the department of medicine- AL-Yermouk teaching hospital, Baghdad, 

Iraq during the period from the April 2013 to January 2014. ECGs were analyzed in eighty patients had 

pulmonary function test; forty consecutive patients with obstructive lung diseases and forty consecutive 

patients with restrictive lung diseases. P-wave axes were calculated to the nearest (5º) and grouped as vertical 

(≥+60º), intermediate (>+40º to <+60º), and horizontal (≤+40º). SPSS version 20.00 was used for data analysis. 

Results: P-wave axes for obstructive versus restrictive lung diseases were different (P < 0.001). Thirty-eight of 

forty ECGs in patients with obstructive lung diseases had vertical P-wave axes between ≥ +60º to +90º, in 

twenty-four of  forty  patients  with restrictive  lung  diseases,  P-wave  axes  were less than +40º (horizontal); 

twelve were between +40º to +60º (intermediate); and only four were vertical. Conclusion: The vertical P-

wave axis (≥+60°) on an electrocardiogram is a helpful characteristic of obstructive lung disease in adults and 

can be used as a discriminating tool for obstructive and restrictive lung diseases. 

Keywords: Obstructive lung disease, restrictive lung disease, frontal P-wave axis, pulmonary function test. 

 
INTRODUCTION 
The majority of diseases of respiratory system fall 
into one of three major categories that are 
obstructive lung diseases; restrictive lung 
diseases; and abnormalities of vasculature. 1 As 
with the evaluation of most patients, the approach 
to a patient with a disease of respiratory system 
begins with a thorough history. A focused physical 
examination is helpful in further categorizing the 
specific pathophysiology. Many patients will 
subsequently undergo pulmonary function testing, 
chest imaging, blood and sputum analysis, a 
variety of serologic or microbiologic studies, and  

diagnostic procedures. 2 
In many respects the lung and heart comprise a 
functional unit with interrelations such that 
disease of one often affects the other. The 
electrocardiogram bears a unique relationship to 
this situation, not only because it reflects certain 
aspects of cardiac function but also because 
much of the cardiac potential must traverse lung 
tissue to reach the recording electrodes. 3 
Chronic obstructive pulmonary disease (COPD) is 
a    most common cause of death, according to 
the study published by the World Bank/ World 
Health Organization.  
While, restrictive pulmonary disease (RPD) 
characterized by reduced lung volume, either 

because of an alteration in lung parenchyma or 
because of a disease of pleura, chest wall, or 
neuromuscular apparatus. 4 In physiological terms 
RPD are characterized by reduced Total Lung 
Capacity (TLC), Vital Capacity (VC), or resting 
lung volume. Accompanying characteristics are 
preserved air flow and normal airway 
resistance, which are measured as the Functional 
Residual Capacity (FRC) . 5  
High resolution computed tomography chest 
scans are essential to the diagnostic work up 
since each interstitial lung disease form is 
characterized by a specific pattern of 
abnormalities.6 
The electrocardiogram (ECG) is an indispensable 
tool for detection and diagnosis of heart diseases 
as well as a wide variety of non-cardiac 
conditions, complicating the differential diagnosis 
with primary cardiac pathology, such ECG 
abnormalities seen most frequently are electrolyte 
abnormalities, pulmonary embolism, central 
nervous system diseases, hypothermia, drugs 
related and other conditions.7 A thorough 
knowledge of the ECG manifestation of 
noncardiac conditions may result in rapid 
diagnosis and correct treatment of potentially life-
threatening disorders. Misinterpretation of the 
ECG may even expose the patient to wrong 
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therapeutic options, with serious risks. 8 it has 
been reported that cor-pulmonale is associated 
with ECG changes like P pulmonale due to right 
atrial enlargement, right ventricular hypertrophy, 
and right axis deviation. Moreover, P-wave axis 
and P pulmonale correlated strongly with 
advanced obstruction. 9 
Therefore, the aim of the present study was to 
evaluate P-wave changes and its usefulness in 
discriminating obstructive from restrictive lung 
diseases.  
 
MATERIALS AND METHODS  

This study was carried out at Department of 
Medicine, AL-Yarmouk Teaching Hospital, 
Baghdad, Iraq from April 2013 to the January 
2014. Patients who accepted to join in the study 
were informed about the purpose and method of 
the study and informed consent was obtained. A 
total of 80 patients having pulmonary function 
tests 40 with obstructive and 40 with restrictive 
lung disease were recruited. 
Inclusion criteria were age >45 years normal 
sinus rhythm on ECG, for the presence of 
restrictive lung diseases; pulmonary function test 
was characterized by the following criteria: Forced 
Vital Capacity (FVC) <80% of predicted, and 
FEV1/FVC >70% of predicted and high resolution 
computed tomography chest scans with 
radiologist report were available to confirm the 
diagnosis of interstitial lung diseases with its 
specific radiological pattern (e.g. reticular 
marking, ground glass, nodules). Patients with 
obstructive lung diseases selected according to 
global initiative for chronic obstructive lung 
disease (GOLD) were considered for the study, 
PFT characterized by FEV1/FVC<70%. 
Exclusion criteria were patient aged younger than 
45 years (because a vertical P- wave axis may be 
a normal finding in healthy children and young 
adults), those not in sinus rhythm, pacing rhythm, 
and those with significant valvular heart diseases, 
chamber dilatation, and hypertrophy. 
ECGs and PFTs were analyzed independently in 
80 patients consecutively having PFTs (40 with 
obstructive and 40 with restrictive lung diseases). 
The PFTs were available within the last six months 
(from the date of ECG study). FEV1, Vital 
Capacity (VC), and FEV1/FVC values are 

determined by use of spirometry. All spirometry 
maneuvers were repeated at least three times, the 
highest value being accepted. The FEV1, VC, and 
FEV1/FVC were expressed as percentage of the 
predicted values for each individual patient. The 
ECGs were obtained with the patient lying relaxed 
on a couch or hospital bed. A standard 12-lead 
ECG with a rhythm strip of at least 12 seconds 
was obtained in each patient. 
The frontal P-wave axis were calculated to the 
nearest 5° by accounting for the P-wave 
amplitudes in leads I, III, aVL, and aVF according 
to the Baxley's hex axial reference chart. An axis 
greater than +60° was considered abnormally 
vertical. This standard method was used in this 
study. 10 Another way to calculate P-wave axis can 
be easily determined by a simple glance at the 
ECG, a P-wave amplitude in lead III greater than 
in lead I and/or negative P-wave in lead aVL 
indicates P-wave axis ≥+60°, a P-wave amplitude 
in  lead III equal to that in lead I and /or flat or 
equiphasic P-wave in aVL indicates a P- wave axis 
between +40° to +60°, and a P-wave amplitude 
in lead III smaller than in lead I and/or a positive 
P-wave in aVL indicates a P-wave axis ≤+40°. 11 
Electrographic data were divided into three 
groups depending on the frontal P- wave axis, a 
vertical (≥+60°), intermediate (>+40° to 
<+60°), and horizontal (≤+40°) group. 
Data was analyzed using SPSS 20, and presented 
as mean ± standard deviation (SD) and the 
variables were tested by using unpaired student t-
test between the controls and the treated groups. 
One way analysis of variance (ANOVA) with post-
hoc test was used to scrutinize the significance of 
differences among the groups. Level of 
significance was set at p<0.05. 
 
RESULTS    

A total number of 80 patients (42 females and 38 
males), 40 patients (34 females and 6 males) with 
restrictive lung diseases, and 40 patients (32 
males and 8 females) with obstructive lung 
diseases were enrolled in the study. Both groups 
(restrictive and obstructive) are well matched 
regarding the age and sex distribution. The  
mean  ±  SD  for  age  were  54.6±4.9  and  
55.9±6.8 for  patients  with  the restrictive and 
obstructive lung diseases respectively (Table-1). 

Table 1: Distribution of cases according to the age and gender in relation to restrictive or 
obstructive lung diseases. 

Restrictive Pulmonary Disease Obstructive Pulmonary Disease P value 

 No % No %  

Age (years) <50 6 15.0 8 20.0 0.217 

 50--54 10 25.0 8 20.0  

 55--59 16 40.0 6 15.0  

 =>60 8 20.0 18 45.0  
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 Mean ± SD (Range) 54.6±4.9 (47-63) 55.9±6.8 (45-65)  

Gender Male 6                  15.0 32 80.0 0.0001* 

 Female 34                85.0 8 20.0  

*Significant using Pearson Chi-square test at 0.05 level. 

There was a clear difference between the P-wave 
axes distribution between the patients with 

restrictive and obstructive lung diseases (Figure-
1). 

 

Fig.1: P-wave axis distribution in restrictive and obstructive lung diseases 

The mean ±SD for P-wave axis were 42.0±11.1 
and 71±5.9 for patients with restrictive and 
obstructive lung diseases respectively. Thirty-eight 
of forty patients with obstructive lung disease the 
P-wave axis were vertical (≥+60°) and two was in 
the intermediate range (>+40°  to  <+60°).  

Among those with restrictive disease, only four 
were in the vertical range (≥+60°), twelve were in 
the intermediate range (>+40° to <+60°), and 
most twenty-four were in the horizontal range (≤ 
+40°), differences in distribution were significant 
(P<0.001), (Table-2).  

Table 2: The mean P-wave axis in patients with restrictive and obstructive lung diseases. 

 Restrictive Pulmonary Disease Obstructive Pulmonary Disease P value 

 No % No % 

P-wave Axis <40 16 40.0 - - 

(degree) 40-- 12 30.0 - - 

 50-- 8 20.0 2 5.0 

 60-- 4 10.0 4 10.0 

 70-- - - 28 70.0 

 =>80 - - 6 15.0 

Mean ± SD (Range) 42.0±11.1 (30-65) 71.8±5.9 (55-80) 0.0001* 

*Significant using Students-t-test for difference between two independent means at 0.05 level. 

In both females and males, the obstructive lung 
disease shift the P-wave axis toward the vertical 
range, with no verticalization in patients with 
restrictive lung disease. demonstrates the 
distribution of cases of restrictive and obstructive 
lung diseases according to the gender in relation 
to the P-wave axis.  The mean ±SD for P-wave 

axes in patients with obstructive lung disease were 
70.0±5.2 and 78.8±2.5 for males and females 
respectively. But in the patients with restrictive 
lung disease, the mean ±SD for P-wave axes 
were 36.7±2.9 and 42.9±11.7 for males and 
females, respectively (Table-3). 

Table 3: The mean P-wave axis in patients with restrictive and obstructive lung diseases for both 
genders. 

P-wave Axis (degree) 

 Restrictive Pulmonary Disease  Obstructive Pulmonary Disease P value 

Gender Male 36.7±2.9 70.0±5.2 0.0001* 

 Female 42.9±11.7 78.8±2.5 0.0001* 

 P value 0.379 0.004*  

Data presented as mean±SD, *Significant using Students-t-test for difference between two independent 
means at 0.05 level. 

DISCUSSION 

Frontal P-wave axis verticalization has been 
shown to have a close correlation with 

emphysema and has been extensively studied 
in previous invest igat ion. 12Moreover, 
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increasing verticality of frontal P-wave axis 
correlates with increasing degrees   of   airway   
obstruction, degree   of   depression   of   
diaphragm   and radiographic quantification of 
disease. 13 The possible mechanisms of P-wave 
axis verticalization in patient with obstructive lung 
disease is due to lung hyperinflation with 
subsequent depression of the diaphragm. 
Because the right atrium is firmly attached to the 
diaphragm via a pericardial ligament, the 
apparent explanation of these phenomena is that 
with progressive flattening of the diaphragm, the 
right atrium is distorted or displaced in an inferior 
direction. 14 The opposite phenomenon occurring 
in restrictive lung disease, horizontalization of 
the P-wave axis, correlating with elevation of 
right atrium by high level of diaphragm. 15   
A  prospective  blinded  investigation  of  patients 
with purely restrictive, compared with purely 
obstructive pulmonary disease showed the P-wave 
axis to follow the level of the diaphragm, such 
that the patients with restrictive lung disease and 
high diaphragm had horizontal and leftward P-
wave axes, while patients with low diaphragm 
and obstructive lung disease had vertical P-wave 
axes. 16 Another possible mechanism   of the 
alteration in the P-wave axis was due to the fact 
that overinflated lung is a poor conductor of 
electrical impulses and that the lung herniated 
itself around the heart and great vessels, thus 
modifying the normal conductance pathways. 17 
The anatomical position of the heart is, therefore, 
not altered, and the vertical P-wave axis is more 
apparent than real. 18 Moreover, the sensitivity 
and specificity of a P-wave axis >60° for 
emphysema was found to be 89% and 96%, 
respectively. 18 As well, it is clear that a vertical P-
wave axis on an electrocardiogram is the single 
most common screening tool, which is highly 
sensitive and specific in diagnosis emphysema at 
a glance.19 
The results of the present study compare the 
frontal P-wave axis in patients with purely 
obstructive and purely restrictive lung diseases 
whom already diagnosed by pulmonary function 
test and confirmed by other investigation (e.g. 
high resolution CT scans). These results 
demonstrate statistically significance differences in 
their axial distributions. The P-wave axes in 
obstructive lung disease shows the expected 
verticalization (≥+60°) in most cases (95%), while 
those with restrictive disease were concentrated in 
the intermediate (>+40° to <+60°) and 
horizontal ranges (≤+40) with percentage of 
30% and 60%, respectively.  The distribution of 
restrictive group over the intermediate range 
common to normal subjects, but was mainly more 
horizontal with clear distinction from the patients 

with obstructive disease who were almost 
uniformly verticalzed. 20 The exact degree of 
horizontalization was not as closely related to the 
actual axis as were the more concentrated vertical 
axes in the patients with obstructive lung disease. 
Because the P-wave axis in many patients with 
restrictive lung disease overlaps the upper normal 
range of the P-wave axis, it cannot serve as an 
independent criterion for restrictive lung disease.. 
21,22 

This study has some limitations; that were  
1. P-wave verticalization can only be used to 

detect obstructive lung disease in patient who 
has an ECG with normal sinus rhythm. It is of 
course not uncommon to see a high 
prevalence of atrial arrhythmias like 
multifocal tachycardia in patients with 
obstructive lung disease and in such cases; 
this principle cannot be applied due to a 
variable P-wave axis. 

2. The diagnosis of emphysema (in obstructive 
lung disease group )was not based on high 
resolution computed tomography scans in all 
study patients, which are known to have 
higher sensitivity and specificity for 
diagnosing structural emphysematous 
changes. 

3. All patients enrolled had a known diagnosis 
of obstructive and restrictive lung diseases 
[based mainly on pulmonary function test and 
availability of other test (e.g. high resolution 
computed tomography scans)], so the 
specificity of this electrocardiographic 
criterion for diagnosing any of this group 
could not be estimated in the current study. 

 
CONCLUSION 

The vertical P-wave axis (≥+60°) on an 
electrocardiogram is a helpful characteristic of 
obstructive lung disease in adults and can be 
used as a discriminating tool for obstructive and 
restrictive lung diseases. 
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