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Abstract  

Background: The vertical P-wave axis observed on electrocardiography (ECG) 

is a valuable criterion for screening patients with chronic obstructive pulmonary 

disease (COPD). However, the clinical characteristics of patients with COPD 

exhibiting a vertical P-wave axis have not been fully elucidated. This study 

aimed to investigate the clinical features and characteristics of patients with 

COPD presenting with a vertical P-wave axis on ECG as a potential diagnostic 

marker for emphysema. Materials and Methods: This prospective comparative 

study included COPD patients aged > 18 years with emphysema severity and P-

wave axis deviation. Two groups (individuals with mild to moderate 

emphysema and individuals with severe emphysema), each consisting of 60 

patients, were meticulously formed for the analysis. Patient data, including 

demographics, medical history, electrocardiograms, and imaging findings, were 

systematically collected. Emphysema severity was evaluated using pulmonary 

function testing, specifically FEV1 measurement. Result: There was no 

significant difference in age between groups (p=0.364). The gender distribution 

between the groups showed an equal representation. A higher prevalence of 

current and ex-smokers was observed in patients with emphysema (p<0.001). 

Cardiac assessments revealed a significantly higher mean P-wave axis 

(72.0±11.1°) and more frequent vertical axis (>60°) in the emphysema group 

than in the non-emphysema group (47.6±9.6°; p<0.001). Additionally, 

emphysema was associated with specific P-wave axis categories, particularly 

with a higher prevalence of a 75–90-degree axis. Conclusion: P-axis 

verticalisation is highly effective for screening emphysema, and the degree of 

verticalisation provides gross quantification of the disease. Further research 

should explore the underlying mechanisms and refine diagnostic strategies for 

integrated cardiopulmonary management in patients with COPD. 

 
 

 

INTRODUCTION 
 

Chronic obstructive pulmonary disease (COPD) is a 

prevalent, largely preventable, and manageable 

condition characterised by persistent respiratory 

symptoms and airflow limitation. causes lung over-

expansion and elevated pulmonary artery pressure, 

which can alter the anatomy of the heart. Notably, 

emphysematous changes and airway wall thickening 

identified through chest computed tomography (CT) 

are closely linked to the degree of airflow limitation 

in COPD patients.[1-3] The degree of airflow 

restriction in individuals with COPD correlates 

closely with emphysematous changes and increased 

airway wall thickness observed on chest CT scans. 

These alterations can also manifest as abnormalities 

in electrocardiogram (ECG) readings, particularly in 

the P-wave axis. Previous studies, including our own, 

have explored various biomarkers such as serum 

Clara cell secretory protein-16, eosinophil count, and 

neutrophil-lymphocyte ratio to predict exacerbations 

in COPD patients.[1,4-6] 

Furthermore, COPD commonly coexists with 

cardiovascular diseases, which is often evidenced by 

distinctive ECG abnormalities. These irregularities 

encompass rhythm, axis, and electrical conduction 

abnormalities among COPD patients.[1,7] The P-wave 

and QRS axes, assessed via ECG, offer insights into 

atrial and ventricular depolarisation patterns, 

respectively. Specifically, the vertical P-wave axis 

serves as a valuable screening criterion for COPD 

and reflects the extent of emphysematous changes 

observed on chest CT scans. Moreover, both the P-

wave and QRS axes are linked to the severity of 
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airflow obstruction and lung hyperinflation in 

COPD.[8] 

Surprisingly, prior clinical evidence on the 

correlation between the clinical characteristics of 

COPD patients and vertical P-wave axes is lacking. 

Thus, this study aimed to explore the association 

between emphysema severity and alterations in the P-

wave axis on ECGs, with the aim of enhancing 

diagnostic and management strategies for 

cardiovascular complications in patients with COPD. 

Understanding these cardiopulmonary interactions is 

crucial for optimising the clinical care of individuals 

with this prevalent respiratory condition. 
 

MATERIALS AND METHODS 
 

This prospective comparative study was conducted 

on COPD patients aged > 18 years with emphysema 

severity and P-wave axis deviation in the Department 

of General Medicine for one year at Government 

Medical College & Hospital, Pudukottai. Two groups 

(individuals with mild to moderate emphysema and 

individuals with severe emphysema), each consisting 

of 60 patients, were meticulously formed for the 

analysis. 

Inclusion Criteria 

Patients diagnosed with Chronic Obstructive 

Pulmonary Disease (COPD), aged over 18 years, 

emphysema severity was confirmed through 

diagnostic evaluation, and the presence of P-wave 

axis deviation was included. 

 

 

 

 

Exclusion Criteria 

Patients with other significant cardiac or pulmonary 

conditions that could confound the study outcomes, 

and pregnant or lactating women were excluded. 

Data collection 

Complete medical history, smoking history, and 

information concerning current pharmacologic 

treatments were obtained from each participant. 

Patient data, including demographics, medical 

history, electrocardiograms, and imaging findings, 

were systematically collected. Emphysema severity 

was evaluated using pulmonary function testing, 

specifically FEV1 measurement.  

Statistical Analysis  

Data analysis was conducted using the SPSS 

software. Data are presented as mean ± standard 

deviation (SD) for continuous variables. 

Comparisons between the two groups were 

performed using Student’s t-test. Categorical 

variables were represented by frequency 

(percentages), and a comparison between the two 

groups was performed using the chi-square test. The 

p value was set at p < 0.05. 

 

RESULTS 

 

This study compared the demographic and cardiac 

characteristics of individuals with mild to moderate 

emphysema and those with severe emphysema. No 

significant differences in age were observed between 

the groups (p = 0.364). The gender distribution 

between the groups showed an equal representation. 

A higher prevalence of current and ex-smokers was 

observed among patients with emphysema (p < 

0.001) [Table 1]. 

 

Table 1: Demographic characteristics of study participants. 

Variables Mild to Moderate emphysema Severe Emphysema P value 

Age (mean + SD) 66.3±6.8 65.7±7.2 0.364 

Gender (M/F) (%) 20/10 (66.7/33.3) 20/10 (66.7/33.3)  

Ex-smoker 15 (50) 5 (16.7) < 0.001 

Non-smoker 0 (0) 20 (66.7) 

 

Cardiac assessments revealed a significantly higher 

mean P-wave axis (72.0±11.1°) and more frequent 

vertical axis (>60°) in the emphysema group than in 

the non-emphysema group (47.6±9.6°; p<0.001). 

Additionally, emphysema was associated with 

specific P-wave axis categories, particularly with a 

higher prevalence of a 75-90-degree axis. These 

findings suggest a potential relationship between 

emphysema, smoking, and altered cardiac electrical 

conduction, underscoring the importance of 

integrated pulmonary and cardiac care in these 

individuals [Table 2]. 

 

Table 2: Cardiac assessments among the study participants 

Variables Mild to Moderate 

emphysema 

Severe 

Emphysema 

P value 

P wave axis Mean ± SD 72.0+11.1 47.6+9.6 <0.001 

P wave axis 

classification 

Vertical (p wave axis >60) 26 (86.7%) 3(10%) <0.001 

Not vertical (p wave axis >60) 4 (13.3%) 27 (90%) 

P wave axis 

categories 

75-90 14 (46.7%) 0 (0%) <0.001 

61-74 12 (40%) 3 (10%) 

Up to 60 4 (13.35) 27 (90%) 
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DISCUSSION 
 

The present study demonstrated a strong correlation 

between emphysema severity and altered P-wave 

axis in ECGs, indicating potential cardiac 

implications. Patients with emphysema showed 

significantly higher mean P-wave axis values and a 

higher prevalence of vertical P-wave axis (>60°), 

suggesting right atrial enlargement. Thus, these 

findings highlight the importance of ECG assessment 

in detecting cardiovascular complications early in 

COPD, especially in emphysema cases with a history 

of smoking, to optimise patient care and outcomes.  

Similar results have been reported by Chhabra et al., 

who demonstrated that this lone criterion can be used 

as an effective screen for pulmonary hyperinflation, 

using a few simple parameters as in our study.[9] Khan 

et al. observed that significant changes, such as a 

reduction in P-wave amplitude and a leftward 

rotation of the P-wave axis, have been observed 

following effective treatment of acute exacerbations 

of COPD.[10] The superiority of the P-wave axis over 

the QRS axis may be attributed to the direct reflection 

of right atrium displacement by lung hyperinflation.  

In our study, we found that the BMI was significantly 

lower in patients with a P-wave axis >75° than in 

those with a P-wave axis ≤75°. These findings align 

with previous reports demonstrating an association 

between BMI and the P-wave axis.[11] Bardakci et al. 

identified an early onset of cardiologic pathologies in 

a notable percentage of COPD patients, with right 

branch block and diastolic dysfunction observed in 

26.3% and 57.9% of patients, respectively. These 

findings underscore the significance of early 

intervention for cardiac pathologies to enhance the 

management outcomes of COPD.[12] 

Mohammed et al. reported the prevalence of left 

ventricular diastolic dysfunction (LVDD) in patients 

with COPD to be approximately 25%,[13] while 

Huang et al. reported a higher rate of 65%.[14] These 

varying rates underscores the significance of 

assessing and managing LVDD in patients with 

COPD, particularly in those with severe disease. 

Additionally, a systematic review and meta-analysis 

revealed a significant association between COPD and 

the risk of atrial fibrillation (AF) (RR = 1.99, 95% CI: 

1.46–2.70), ventricular arrhythmias (VA) (RR = 

2.01, 95% CI: 1.42–2.85), and sudden cardiac death 

(SCD) (RR = 1.68, 95% CI: 1.28–2.21). These 

findings suggest that COPD is linked to increased 

risks of AF, VA, and SCD.[15] 

ECG abnormalities are frequent in patients with 

COPD, particularly in those with moderate to severe 

disease. These abnormalities primarily stem from 

factors such as hypoxia, right ventricular hypertrophy 

or failure due to pulmonary hypertension, changes in 

the heart position relative to electrode placement, 

alterations in cardiac conduction, and medications 

used for COPD treatment. Given these factors, 

routine ECG analysis can aid in patient management, 

treatment optimization, and monitoring for potential 

side effects.[16] 

Limitations of the study 

We were unable to assess the anatomical axis by 

using cardiac or magnetic resonance imaging. 

Therefore, future investigations using advanced 

cardiac imaging techniques are needed to ascertain 

whether the observed electrical rotation correlates 

with the rotation of the anatomical heart axis. We did 

not evaluate the association with the QRS axis, which 

warrants further exploration. Additionally, larger 

sample sizes and inclusion of an adequate number of 

younger patients are necessary for more 

comprehensive analyses in future studies. 

 

CONCLUSION 
 

In conclusion, P-axis verticalisation is a highly 

effective screening tool for emphysema, with the 

degree of verticalisation offering an approximate 

quantification of disease severity. Future research 

should delve into the underlying mechanisms of this 

phenomenon and refine diagnostic strategies to 

facilitate integrated cardiopulmonary management in 

patients with COPD. 
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