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ABSTRACT:
Background and Objectives

Chronic obstructive pulmonary disease (COPD) is frequently complicated by cardiovascular
involvement, which substantially contributes to morbidity and mortality. Both right- and left-
sided cardiac structures, along with the pulmonary vasculature, may be adversely affected as the
disease progresses. Echocardiography offers a rapid, non-invasive, and reliable method for
identifying these cardiac alterations. The present study was designed to assess echocardiographic
abnormalities in patients with COPD and to analyze their association with different grades of
disease severity.

Materials and Methods

This hospital-based observational study included 100 patients diagnosed with COPD who were
treated at a tertiary care teaching hospital Sree mookambika institutes of Medical Science,
tamilnadu in India between January 2023 and January 2024. Disease severity was classified
using spirometric parameters. All participants underwent comprehensive transthoracic
echocardiographic evaluation to assess right ventricular enlargement, right atrial enlargement,
tricuspid regurgitation, pulmonary arterial hypertension, and left ventricular systolic function as
measured by left ventricular ejection fraction.

Results

Among the study population, 4% had mild COPD, 28% had moderate disease, 58% had severe
disease, and 10% had very severe disease. Normal echocardiographic findings were observed in
24% of patients. Pulmonary hypertension was identified in 70% of cases, with its prevalence
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progressively increasing across advancing COPD severity. Right ventricular enlargement was
noted in 46% of patients, while right atrial enlargement was present in 14%. Tricuspid
regurgitation was detected in 72% of the study population. The frequency and severity of these
echocardiographic abnormalities demonstrated a clear correlation with worsening COPD
severity.

Conclusion

Echocardiographic abnormalities, particularly pulmonary arterial hypertension, right ventricular
and right atrial enlargement, and tricuspid regurgitation, show a strong association with
increasing severity of COPD. The likelihood of cardiac dysfunction escalates as the disease
advances. Echocardiography serves as an effective and practical modality for the early detection
and evaluation of cardiovascular complications in patients with COPD.

Keywords

Chronic obstructive pulmonary disease; Echocardiography; Pulmonary arterial hypertension;
Tricuspid regurgitation.

INTRODUCTION:

Chronic obstructive pulmonary disease (COPD) is a common, preventable, and treatable
respiratory disorder characterized by persistent airflow limitation that is usually progressive and
associated with an enhanced chronic inflammatory response of the airways and lungs to noxious
particles or gases'. It is a major global public health concern and ranks among the leading causes
of morbidity and mortality worldwide',>. The prevalence of COPD continues to rise due to
ongoing exposure to tobacco smoke, biomass fuel combustion, occupational pollutants,
environmental pollution, and increasing life expectancy?.

Although COPD primarily affects the respiratory system, it is now widely recognized as a
systemic disease with significant extrapulmonary manifestations®>. Among these, cardiovascular
complications are particularly important, as they substantially contribute to increased
hospitalizations, reduced exercise capacity, poor quality of life, and higher mortality®. Cardiac
involvement in COPD may affect both the right and left sides of the heart and often remains
underdiagnosed due to overlapping respiratory and cardiac symptoms.

The mechanisms responsible for cardiac involvement in COPD are complex and multifactorial.
Chronic hypoxia is a key contributor, leading to hypoxic pulmonary vasoconstriction and
subsequent elevation of pulmonary vascular resistance*. Persistent hypoxemia results in
pulmonary arterial hypertension (PAH), which increases the afterload on the right ventricle,
causing right ventricular hypertrophy, dilatation, and eventual right ventricular failure,
commonly referred to as cor pulmonale*,®. Structural remodeling of the pulmonary vasculature,
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endothelial dysfunction, and smooth muscle proliferation further aggravate pulmonary
hypertension®.

Pulmonary hypertension is one of the most clinically relevant cardiovascular complications in

COPD. Although typically mild to moderate in stable disease, its prevalence and severity

increase with worsening airflow obstruction and during acute exacerbations®,®. Even modest 219
elevations in pulmonary artery pressure are associated with reduced exercise tolerance and

adverse outcomes®. Pulmonary hypertension in COPD is an independent predictor of mortality

and is frequently associated with right atrial enlargement, tricuspid regurgitation, and right

ventricular dysfunction®.

In addition to right-sided cardiac involvement, left ventricular dysfunction has also been
increasingly recognized in patients with COPD’,%. Several mechanisms have been proposed,
including systemic inflammation, oxidative stress, shared cardiovascular risk factors such as
smoking, and endothelial dysfunction?,”. Lung hyperinflation leads to increased intrathoracic
pressure and reduced venous return, thereby impairing left ventricular filling and reducing
cardiac output®. Ventricular interdependence further contributes to left ventricular dysfunction, as
right ventricular enlargement can cause septal displacement toward the left ventricle’.

Early identification of cardiac involvement in COPD is essential for accurate risk stratification,
prognostication, and comprehensive management. However, clinical assessment alone is often
inadequate because symptoms such as dyspnea, fatigue, and exercise intolerance are common to
both pulmonary and cardiac disease®. Conventional tools such as electrocardiography and chest
radiography have limited sensitivity in detecting early or subclinical cardiac abnormalities,
particularly in the presence of lung hyperinflation®.

Echocardiography has emerged as a valuable, non-invasive, and widely available modality for
assessing cardiac structure and function in patients with COPD?,'. It enables evaluation of right
and left ventricular dimensions, systolic and diastolic function, valvular abnormalities, and
estimation of pulmonary artery pressures. Doppler echocardiography, through measurement of
tricuspid regurgitation velocity, provides an indirect but reliable assessment of pulmonary arterial
pressure’. Despite technical limitations related to poor acoustic windows in hyperinflated lungs,
echocardiography remains a practical and effective diagnostic tool in routine clinical practice’®.

Several studies have demonstrated a strong correlation between echocardiographic abnormalities
and the severity of COPD as assessed by spirometry'®. The prevalence of pulmonary
hypertension, right ventricular enlargement, right atrial enlargement, and tricuspid regurgitation
increases progressively with worsening disease severity'®. Severe and very severe COPD are
particularly associated with significant right heart dysfunction, which has important therapeutic
and prognostic implications.

In developing countries such as India, COPD poses a significant healthcare burden due to high
prevalence of smoking, extensive use of biomass fuels, and delayed diagnosis. Cardiovascular
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complications in COPD patients are frequently under-recognized, resulting in suboptimal
management. Limited data are available from Indian tertiary care centers regarding systematic
echocardiographic evaluation of cardiac involvement across different grades of COPD severity®.

Given the substantial impact of cardiovascular complications on outcomes in COPD and the

utility of echocardiography in detecting these abnormalities, evaluating cardiac changes in 220
relation to disease severity is of considerable clinical importance. Such assessment may facilitate

early detection of complications, guide appropriate therapeutic interventions, and ultimately

improve survival and quality of life in patients with COPD.

AIM AND OBJECTIVES

To evaluate cardiac changes in patients with chronic obstructive pulmonary disease using
transthoracic echocardiography and to determine their association with the severity of COPD.

Objectives

To assess echocardiographic abnormalities in patients with chronic obstructive pulmonary
disease.To evaluate the prevalence of pulmonary arterial hypertension in patients with COPD
using echocardiography.

MATERIALS AND METHODS

This was a hospital-based, observational cross-sectional study conducted at Sree Mookambika
College of Medical Sciences, a tertiary care teaching institute in Tamil Nadu, India. The study
period extended from January 2023 to January 2024.A total of 100 patients diagnosed with
chronic obstructive pulmonary disease (COPD) were included in the study. Patients were
identified based on a comprehensive clinical evaluation that included detailed medical history,
general physical examination, thorough systemic examination, and relevant laboratory and
radiological investigations.

Inclusion Criteria

Patients aged >18 years,Diagnosed cases of COPD based on spirometry,Patients who provided
informed consent

Exclusion Criteria

Patients with known primary pulmonary hypertension,Patients with pre-existing congenital or
valvular heart disease,Patients with ischemic heart disease or cardiomyopathy,Poor
echocardiographic window preventing adequate assessment
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All enrolled patients underwent spirometry using a standardized spirometer. COPD diagnosis and
severity classification were made according to GOLD (Global Initiative for Chronic Obstructive
Lung Disease) guidelines, based on post-bronchodilator forced expiratory volume in one second
(FEV)). Patients were categorized into mild, moderate, severe, and very severe COPD
accordingly.

All patients underwent resting two-dimensional transthoracic Doppler echocardiography using a
standard echocardiography machine with appropriate transducers. Echocardiography was
performed to assess cardiac structure and function, including evaluation of the pericardium,
cardiac valves, right and left cardiac chambers, and overall ventricular function.

Color flow Doppler imaging was used to detect the presence of tricuspid regurgitation (TR). The
maximum TR jet velocity was measured using continuous-wave Doppler, without the use of
intravenous contrast agents.

Right ventricular systolic pressure (RVSP) was estimated using the modified Bernoulli equation,
assuming no obstruction in the right ventricular outflow tract. RVSP was calculated as:Where v
represents the peak velocity of the tricuspid regurgitant jet and RAP denotes right atrial pressure.
RVSP was considered equivalent to systolic pulmonary artery pressure (sPAP).Pulmonary
hypertension was defined as sSPAP >30 mmHg.Assessment of Cardiac Chambers and Ventricular
Function.Right ventricular dimensions were measured using M-mode echocardiography. Right
ventricular dilatation (cor pulmonale) was considered present when RV dimension exceeded the
normal range of 0.9-2.6 cm.

Right atrial enlargement was assessed using standard echocardiographic criteria.Left ventricular
systolic function was evaluated by measuring the left ventricular ejection fraction (LVEF) using
standard methods.Echocardiographic Parameters Analyzed

The following echocardiographic parameters were evaluated:Right ventricular enlargement.Right
atrial enlargement.Presence and severity of tricuspid regurgitation.Presence of pulmonary arterial
hypertension.Left ventricular systolic function assessed by LVEF.

Data were entered into Microsoft Excel and analyzed using Statistical Package for the Social
Sciences (SPSS) software . Continuous variables were expressed as mean + standard deviation
(SD), while categorical variables were expressed as frequencies and percentages.The association
between echocardiographic findings and the severity of COPD was analyzed using the Chi-
square test for categorical variables. Comparison of continuous variables across different COPD
severity groups was performed using one-way analysis of variance (ANOVA) where applicable.
A p-value of <0.05 was considered statistically significant.
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RESULTS

The study included participants with a wide age range, from 20 to 90 years old, with an average
age of 60.10£11.40 years. The majority of patients were male, accounting for 72% of the total.
Within the study group, 53 patients (53%) were smokers, indicating that smoking plays a
significant role in the development of COPD. Out of the 30 patients, a significant portion (30%)
reported being exposed to various environmental factors such as tobacco smoke, occupational
dusts, and chemicals.

The study group was divided into different subgroups based on the severity of COPD, following
the guidelines set by GOLD. The group was categorised into different stages based on the
severity of COPD. These stages include mild COPD, moderate COPD, severe COPD, and very
severe COPD. In our study, we observed varying degrees of COPD among the patients.
Specifically, 4% had mild COPD, 56% had moderate COPD, 58% had severe COPD, and 10%
had very severe COPD.

The study group was further categorised into subgroups based on the length of the illness. The
duration of the disease was determined by reviewing the patient’s past medical history and any
available medical records. A significant number of patients in the study group had a disease
duration ranging from 4 to 8 years. The duration of the disease varied between 4 and 20 years,
with an average duration of 11.15+5.75 years.

In our study, 24% of cases showed normal echocardiography results. Our study revealed that
70% of the patients exhibited echocardiographic evidence of pulmonary arterial hypertension,
based on our analysis of the findings. The prevalence of PAH in ECHO among patients with
mild, moderate, severe, and very severe COPD was 0%, 50%, 79.3%, and 100%, respectively.
There was a noteworthy correlation found between the severity of COPD and PAH, with a p-
value of less than 0.05. Here is Table 1:

Cor-pulmonale, characterised by right ventricular enlargement, was detected in 46% of patients
during the ECHO examination. In ECHO, the frequency of right ventricle enlargement in cases
of mild, moderate, severe, and very severe COPD was as follows: 0% in mild cases, 28.6% in
moderate cases, 48.3% in severe cases, and 100% in very severe cases. As the severity of COPD
increased, there was a notable rise in the prevalence of cor- pulmonale and right ventricular
enlargement, as shown in Table 2. In patients with COPD, right atrial enlargement was observed

EISSN 1303-5150 www.neuroquantology.com

@

222


http://www.neuroquantology.com/

Neuroquantology | Feb 2026 | Volume 24 | Issue 2 | Page 217-227| Doi: 10.48047/nq.2026.24.2.26026
DR. MOOKAMBIKA. R.V, SPECTRUM OF CARDIAC STRUCTURAL AND FUNCTIONAL CHANGES IN CHRONIC
OBSTRUCTIVE PULMONARY DISEASE: AN ECHOCARDIOGRAPHIC CORRELATION WITH DISEASE SEVERITY

in varying degrees of severity. The frequency of this enlargement ranged from mild to very

severe, with percentages of 0%, 7.1%, 10.3%, and 60% in each respective category. The

prevalence of right atrial enlargement showed a significant correlation with the severity of

COPD, as indicated by a p-value of <0.05 (Table 3).

TR was observed in 72% of patients during the ECHO examination. In ECHO, the frequency of
tricuspid regurgitation (TR) in different stages of COPD was as follows: 0% in mild, 57.1% in
moderate, 79.3% in severe, and 100% in very severe cases. There was a statistically significant
positive correlation found between the presence of TR and the severity of COPD, with a p value
of <0.05 (Table 4).

Table 1: Comparison of PAH in echo according to severity of disease

Severity PAH present PAH absent Total
Number Percentage | Number Percentage
(%) (%)
I 0 0 4 100 4
I 14 50 14 50 28
Il 46 79.3 12 20.68 58
\Y/ 10 100 0 0 10

Table 2: Comparison of RV size in ECHO

according to severity of disease

Severity PAH present PAH absent Total
Number Percentage | Number Percentage
(%) (%)
I 4 100 0 0 4
1 20 714 8 28.6 28
1l 30 51.7 28 48.3 58
v 0 100 10 0 10

Table 3: Comparison of RA size in ECHO according to severity of disease

Severity PAH present PAH absent Total
Number Percentage | Number Percentage
(%) (%)
I 4 100 0 0 4
1 26 92.9 2 7.1 28
i 52 89.7 6 10.3 58
v 4 40 6 60 10

Table 4: Comparison of TR in ECHO according to severity of disease

Severity PAH present PAH absent Total
Number Percentage | Number Percentage
(%) (%)
I 4 100 0 0 4
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I 16 57.1 12 42.9 28
i 46 79.3 12 20.7 58
v 10 100 0 0 10

224
DISCUSSION:

Chronic obstructive pulmonary disease (COPD) is increasingly recognized as a systemic disorder
with significant cardiovascular involvement that substantially influences morbidity and mortality.
The present study evaluated echocardiographic changes in COPD patients and examined their
association with disease severity. The findings demonstrate a strong relationship between
worsening COPD severity and the prevalence of pulmonary arterial hypertension (PAH), right
ventricular (RV) enlargement, right atrial (RA) enlargement, and tricuspid regurgitation (TR),
highlighting the importance of routine cardiac assessment in these patients.

The mean age of patients in the present study was 60.10 + 11.40 years, with a male
predominance (72%). This demographic pattern is consistent with previous studies, which have
reported higher prevalence of COPD among older males, largely due to higher smoking rates and
occupational exposures in this population11,12. Smoking was identified as a major risk factor,
with more than half of the patients being smokers, reinforcing its well-established role in the
pathogenesis and progression of COPD 13. Additionally, environmental and occupational
exposures contributed significantly, reflecting the multifactorial etiology of COPD in developing
countries such as India 14.

In the present study, most patients belonged to the severe and very severe COPD categories. This
skewed distribution likely reflects delayed diagnosis and late presentation to tertiary care centers,
a phenomenon commonly reported in low- and middle-income countries14,15. Advanced disease
at presentation increases the likelihood of detecting cardiovascular complications, particularly
pulmonary hypertension and right heart dysfunction.

Pulmonary arterial hypertension was observed in 70% of patients, with prevalence increasing
progressively with COPD severity. Notably, PAH was absent in mild COPD, present in 50% of
moderate cases, 79.3% of severe cases, and universally present in very severe COPD. These
findings are in agreement with previous studies demonstrating that the prevalence and severity of
PAH rise with worsening airflow obstruction16,17. Chronic hypoxia is a central mechanism
driving pulmonary vasoconstriction, vascular remodeling, and increased pulmonary vascular
resistance, ultimately leading to PAH18. Even mild elevations in pulmonary artery pressure have
been shown to adversely affect exercise capacity and survival in COPD patients19.

Right ventricular enlargement, indicative of cor pulmonale, was detected in 46% of patients in
the present study. The frequency of RV enlargement increased significantly with disease severity,
reaching 100% in very severe COPD. This observation is consistent with earlier reports that
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chronic pressure overload due to PAH leads to progressive RV hypertrophy, dilatation, and
eventual dysfunction20,21. RV dysfunction has been identified as a strong predictor of poor
prognosis in COPD, independent of lung function parameters22.

Right atrial enlargement was also found to correlate significantly with disease severity. While
absent in mild COPD, RA enlargement was present in 60% of patients with very severe disease.
RA enlargement reflects chronic elevation of right-sided filling pressures and advanced right
heart involvement21. Similar findings have been reported by Gupta et al., who demonstrated
increasing RA and RV dimensions with advancing COPD severity23. These structural changes
indicate longstanding pulmonary hypertension and reduced cardiac reserve.

Tricuspid regurgitation was observed in 72% of patients and showed a strong positive correlation
with COPD severity. The prevalence of TR increased from 57.1% in moderate COPD to 100% in
very severe disease. Functional TR in COPD is primarily secondary to RV dilatation and annular
enlargement resulting from chronic pressure overload'*. Doppler echocardiographic assessment
of TR is particularly valuable, as it allows non-invasive estimation of pulmonary artery pressures
and provides insight into right ventricular function®.

A significant proportion of patients (24%) in the present study had normal echocardiographic
findings. These patients were predominantly from the mild and moderate COPD categories,
suggesting that cardiac involvement may be minimal or absent in early disease stages. This
highlights the progressive nature of cardiovascular complications in COPD and underscores the
importance of early diagnosis and intervention to prevent long-term cardiac sequelae 16.

Left ventricular systolic function, as assessed by ejection fraction, was largely preserved in most
patients. This finding aligns with previous studies reporting that overt left ventricular systolic
dysfunction is less common in COPD compared to right-sided abnormalities25. However, subtle
left ventricular diastolic dysfunction may still be present due to lung hyperinflation, increased
intrathoracic pressure, ventricular interdependence, and shared cardiovascular risk factors 26.
These mechanisms may not always be detected by routine systolic function assessment alone.

The strong association observed between echocardiographic abnormalities and COPD severity in
the present study emphasizes the clinical utility of echocardiography as a screening and
monitoring tool. Symptoms such as dyspnea and fatigue often overlap between cardiac and
pulmonary disease, making clinical differentiation challenging19. Echocardiography provides a
rapid, non-invasive, and cost-effective method for detecting subclinical cardiac involvement,
estimating pulmonary artery pressures, and guiding management decisions.

From a clinical perspective, early identification of PAH and right heart dysfunction has important
therapeutic implications. Long-term oxygen therapy has been shown to slow the progression of
pulmonary hypertension in hypoxemic COPD patients 18. Timely recognition of cardiac
complications may also prompt optimization of bronchodilator therapy, prevention of
exacerbations, and appropriate referral for advanced care.
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The findings of this study are particularly relevant in the Indian context, where COPD patients

frequently present at advanced stages and cardiovascular complications are often
underdiagnosed. Incorporating routine echocardiographic evaluation into the assessment of

moderate to severe COPD patients may improve risk stratification and overall disease
management.

LIMITATIONS:

The study has certain limitations. Being a single-center observational study with a relatively
small sample size, the findings may not be generalizable to all populations. Right heart

catheterization, the gold standard for diagnosing pulmonary hypertension, was not performed
due to its invasive nature. Additionally, longitudinal follow-up was not included to assess the
impact of echocardiographic abnormalities on long-term outcome

CONCLUSION:

Despite these limitations, the present study provides valuable insight into the pattern of cardiac
involvement in COPD and its strong association with disease severity. The results reinforce the

role of echocardiography as an essential tool in the comprehensive evaluation of COPD patients.
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