
Indian Journal of Basic and Applied Medical Research; June 2021: Vol.-10, Issue- 3, P. 449-461 
DOI: 10.36848/IJBAMR/2020/29215.557910 

www.ijbamr.com   P ISSN: 2250-284X, E ISSN: 2250-2858 449 

 

Original article: 

Echocardiographic evaluation of pulmonary arterial hypertension in 

chronic obstructive pulmonary disease patient and its co-relation with 

the severity of disease 
1Dr. Gaurav Dhandoria , 2Dr. Rohit Dhandoria , 3Dr. Rishi Kumar Sharma , 4Dr. Rahul Ahluwalia* ,  

5Dr. Divax Oza 

 

 

1Senior Resident, Department of Respiratory Medicine , JNU Medical College and Hospital, Jaipur 

2Block CMHO 

3Professor, Department of Respiratory Medicine , Geetanjali Medical College and Hospital, Udaipur. 

4Senior Resident, Department of Respiratory Medicine, SMS Medical College and attached Hospitals 

5Jr. Resident, Department of Respiratory Medicine , Geetanjali Medical College and Hospital, Udaipur. 

*Address for Correspondence: Dr. Rahul Ahluwalia, Senior Resident, SMS Medical College and Attached Hospitals E-mail:  

rahulahluwalia06@gmail.com 

 
ABSTRACT 

Background: Chronic obstructive pulmonary disease (COPD) has considerable effects on cardiac functions. Most of the 

increased mortality associated with COPD is due to cardiac involvement. Echocardiography provides a rapid, non-invasive, 

portable, and accurate method to evaluate the cardiac changes.  

Aims: To assess the cardiac changes secondary to COPD by echocardiography and to find out the correlation between 

echocardiographic findings and severity of COPD, if there is any.  

Materials and Methods: A total 126 of patients of COPD were selected and staged by pulmonary function test (PFT) and 

evaluated by echocardiography.  

Results: On echocardiographic evaluation of COPD, 50% cases had normal echocardiographic parameters. The most common 

finding was Diastolic dysfunction observed in 77(61.11%) cases followed by tricuspid regurgitation (TR) in 47(37.30%) cases. 

Pulmonary arterial hypertension (PAH) was observed in 63(50.00%) cases out of 126 COPD patients. out of 126 patients as 

follow 63(50%), 31(24.6%),18 (14.3%), 14(11.1%) with No PAH, Mild PAH, Moderate PAH, Severe PAH respectively. Mitral 

stenosis (MS) Mitral regurgitation (MR) & Aortic regurgitation (AR) were detected in 7(5.56%), 18(14.29%) & 9(7.14%) cases 

respectively. Cardiomegaly & systolic dysfunction was seen in 19(15.08%) and 9(7.14%) cases respectively and only 3(2.38%) 

showed evidence of myocardial infarction (MI) and 63(50.00%) showed normal study.  

Conclusion: Prevalence of cardiovascular diseases is high in COPD in which dysystolic dysfunction and pulmonary 

hypertension is most commonly found, which is complicating the clinical scenario of COPD patient. 2DEcho is recommended for 

evaluation and close monitoring of COPD patients to detect cardiovascular system involvement and to manage that accordingly. 
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 INTRODUCTION 

Chronic obstructive pulmonary disease (COPD), defined by GOLD as a preventable and treatable disease with some 

significant extrapulmonary effects that may contribute to the severity in individual patients. It is characterized by 

airflow limitation that is not fully reversible. The airflow limitation is usually progressive and associated with an 

abnormally inflammatory response of the lung to noxious particles or gases.1 COPD is currently the fourth leading 

cause of death in the world3, according to world bank data. It is projected to be the 3rd leading cause of death by 

2020.2 More than 3 million people died of COPD in 2012 accounting for 6% of all deaths globally. There are around 

three million deaths annually. More than 90% of COPD deaths occur in low and middle income countries.  

Pulmonary hypertension (PAH) which may develop late in the course of COPD, is the major cardiovascular 

complication. It is associated with the development of cor-pulmonale and carries a poor prognosis. Cardiovascular 

disease accounts for approximately 50% of all hospitalization and nearly one third of all deaths, if forced expiratory 

volume in one second (FEV1)> 50% of predicted.3 In more advanced disease cardiovascular disease account for 

20%–25% of all deaths in COPD.4 COPD affects pulmonary blood vessels, right ventricle, as well as left ventricle 

leading to development of pulmonary hypertension, cor pulmonale, right ventricular dysfunction, and left ventricular 

dysfunction too. Echocardiography provides a rapid, non-invasive portable and accurate method to evaluate the right 

ventricle function, right ventricular filling pressure, tricuspid regurgitation, left ventricular function and valvular 

function.5 Many studies have confirmed that echocardiographically derived estimates of pulmonary arterial pressure 

co-relate closely with pressures measured by right heart catheter (r> 0.7).6,7 

Hence the present study was undertaken with the following aims and objectives: 

1) To assess the cardiac changes secondary to COPD by echocardiography, and 

2) To find out the correlation between echocardiographic findings and the severity of COPD using GOLD 

guidelines. 

MATERIALS AND METHODS 

One twenty-six patients of COPD confirmed by clinical history, radiology of chest, and pulmonary function test 

were selected from Chest and T.B. department of Geetanjali Medical College and hospital, Udaipur, Rajasthan. 

During selection, patients with history of chronic lung disease other than COPD, hypertension, any primary cardiac 

disease, any systemic disease that can cause pulmonary hypertension, patients with poor echo window, and patients 

who were unable to perform spirometry were excluded from the study. 

All selected patients were subjected to routine investigations, including complete blood count, lipid profile, blood 

sugar, blood urea, serum creatinine, electrocardiography, and so on, as needed. 

All the patients were investigated by spirometry and diagnosed and classified according to GOLD guidelines (post 

bronchodilator FEV 1 /forced vital capacity (FVC) ratio < 70% predicted), mild (FEV 1 ≥ 80% of predicted), 

moderate (50% ≤ FEV 1 < 80% predicted), severe (30% ≤ FEV 1 < 50% predicted), and very severe (FEV 1 < 30% 

predicted), respectively. 

All patients were subjected to resting two-dimension transthoracic Doppler echocardiography in the cardiology 

department of Geetanjali Medical College and hospital and associated hospitals by expert cardiologists. The 



Indian Journal of Basic and Applied Medical Research; June 2021: Vol.-10, Issue- 3, P. 449-461 
DOI: 10.36848/IJBAMR/2020/29215.557910 

www.ijbamr.com   P ISSN: 2250-284X, E ISSN: 2250-2858 451 

 

machine used was 2 D Echocardiography (Philips HD IE33 (matrix)) with a multifrequency probe with a range of 

2–4.3 MHz. Both 2D and M-Mode studies were done. 

Echocardiography was reviewed to assess the pericardium, valvular anatomy and function, left and right side 

chamber size and cardiac function. Tricuspid regurgitant flow was identified by colour flow Doppler technique and 

the maximum jet velocity was measured by continuous wave Doppler without the use of intravenous contrast. Right 

ventricular systolic pressure was estimated based on the modified Bernoulli equation and was considered to be equal 

to the sPAP in the absence of right ventricular outflow obstruction: sPAP (mmHg) = right ventricular systolic 

pressure = trans-tricuspid pressure gradient (TTPG) + right atrial pressure (RAP), where trans-tricuspid gradient is 

4v2 (v = peak velocity of tricuspid regurgitation, m/s).6,8,9 RAP was empirically estimated as 15 mmHg before 1997. 

Since1997, RAP was estimated to be 5, 10, or 15 mmHg based on the variation in the size of inferior vena cava with 

inspiration as follows: complete collapse, RAP = 5 mmHg; partial collapse, RAP = 10 mmHg; and no collapse, RAP 

= 15 mmHg.10 

Pulmonary hypertension (PH) was defined in this study as sPAP ≥ 30 mmHg.11  This value was chosen according to 

the definition of pulmonary hypertension. PH was classified into mild, moderate, and severe category as sPAP 30–

50, 50–70,>70 mmHg, respectively (using Chemla formula, mean pulmonary arterial pressure (MPAP) =0.61 PASP 

+ 2 mmHg and putting value of 25–35, 35–45, and>45 mmHg of MPAP for mild, moderate, and severe pulmonary 

hypertension, respectively).12 

E/A = diastolic filling of left ventricles usually classified initially on the basis of the peak mitral flow velocity of the 

early rapid filling wave (E), peak velocity of the late filling wave caused by atrial contraction (A). In normal 

subjects LV elastic recoil is vigorous because of normal myocardial relaxation, therefore more filling is completed 

during early diastolic, so left ventricular diastolic dysfunction (LVDD) is said to be present when E/A is <1.3 (age 

group 45–49 years), <1.2 (age group 50–59 years), <1.0 (age group 60-69 years), and <0.8 (age group ≥70 years). 13 

RESULT AND OBSERVATIONS 

The present study was conducted at department of respiratory medicine, Geetanjali Medical College and Hospital, 

Udaipur. Total 126 cases of COPD classified as per GOLD 2017 were studied for a period of one year and were 

subjected for echocardiography to evaluate the cardiac status in COPD patients. 

Total 126 patients were examined, out of which 103 were males and 23 were females. There were 5 age groups 

included in the study. In the age group of <50 years total 15 patients were included, out of which 10 (66.7%) were 

males and 5 (33.3%) were females 
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In the age group of 51-60 years total 42 patients were present, out of which 34 (81%) were males and 8 

(17.4%) were females. 

In the age group of 71-80 years total 20 patients were present out of which 19 (95%) were males and 1 

(5%) were females. 

In the age group > 80 years total 3 patients were present out of which 2 (66.7%) were males and 1 (33.3%) 

were females. 

 

In our enrolled patients, we found that there were 94 patients having history of ex smoking, 6 patients were 

chronic smoker and 26 having no history smoking. 
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Table 1: Tobacco chewers 

Tobacco Number Percent 

No 76 60.32 

Ex 49 38.89 

Chronic 1 0.79 

Total 126 100 

 

  In 126 enrolled patients, we also found 49 patients having history of ex-tobacco chewing, 1 was chronic 

chewer and 76 having no history of tobacco chewing. 

The distribution of males and female’s patients according to severity of PFT is as follows-  

 

There were 4 categories of PFT (mild, moderate, severe, very severe). In the mild category total 56 patients 

were present (44.4% of 126) out of which, 45 were males (43.7% of 103) and 11 were females (47.8% of 23). 

In the moderate category, total 34 (27% of 126) patients were present out of which 28 were males (27.2% 

of 103) and six were females (26.1% of 23). 

In the severe category total 16 (12.7% of 126) were included out of which 13(12.6% of 103) were males 

and3 were females (13% of 23). 

In the very severe category 20 (15.9% of 126) were present, out of which 17 (16.5 of 103) were males and 

3 (13% of 23) were females. 
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 Echocardiography finding in COPD cases 

On echocardiography, most common finding was Diastolic dysfunction observed in 77(61.11%) cases followed by 

tricuspid regurgitation (TR) in 47(37.30%) cases. Mitral stenosis (MS) Mitral regurgitation (MR) & Aortic 

regurgitation (AR) were detected in 7(5.56%), 18(14.29%) & 9(7.14%) cases respectively. Pulmonary arterial 

hypertension (PAH) was observed in 63(50.00%) cases out of 126 COPD patients.  Cardiomegaly & systolic 

dysfunction was seen in 19(15.08%) and 9(7.14%) cases respectively and only 3(2.38%) showed evidence of 

myocardial infarction (MI) and 63(50.00%) showed normal study. 
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  When 126 patients were subjected to PFT following results were found  

There were 56, 34, 16, 20 patients with mild, moderate, severe and very severe PFT respectively. 

Simultaneously when these 126 patients were subjected to 2D Echo following results were found- out of 126 

patients as follow 63(50%), 31(24.6%),18 (14.3%), 14(11.1%) with No PAH, Mild PAH, Moderate PAH, Severe 

PAH respectively. Out of 56 patients with mild PFT 44 (78.6% of 56) had No PAH, 2 (38% of 56) had mild PAH, 

10(17.9% of 56) had Moderate PAH, 1(0.1% of 56) had Severe PAH. Out of 34 patients with moderate PFT 

15(44.1% of 34) had No PAH, 11(32.4% of 34) had mild PAH, 2(17.6 of 34) had Moderate PAH, 6(17.6%) had 

severe PAH. Out of 16 patients with severe PFT- 1(6.3% of 16) had No PAH, 10(62.5% of 16) had mild PAH, 

5(31.3 of 16) had severe PAH. Out of 20 patients with very severe PFT 3(15% of 20) had No PAH, 8(40% of 20) 

had mild PAH, 1(5% of 20) had Moderate PAH, 8(40% of 20) had severe PAH. 
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Table 2: PFT and Echo correlation. 

PFT and Echo Echo Total 

Mild Moderate Severe 

PFT 

Mild 
2 (16.7%) 10 (83.3%) 0 (0.0%) 12 (100.0%) 

    

Moderate 
11 (57.9%) 2 (10.5%) 6 (31.6%) 19 (100.0%) 

    

Severe 
10 (66.7%) 5 (33.3%) 0 (0.0%) 15 (100.0%) 

    

Very Severe 
8 (47.1%) 1 (5.9%) 8 (47.1%) 17 (100.0%) 

    

Total 
31 (49.2%) 18 (28.6%) 14 (22.2%) 63 (100.0%) 

    

  

There were 63 patients out of 126, who had NO PAH finding on 2D Echo. When remaining 63 patients out of 126 

were subjected to both PFT and 2D Echo following results were found. Out of 63 patients 12 patients had mild PFT, 

19 had Moderate, 15 had severe, 17 had very severe. Out of 12 with mild PFT when subjected to 2DEcho 2 (16.7%) 

had mild grade PAH, 10(83.3%) had Moderate PAH, 0(0.0%)had severe grade PAH. 

Out of 19 patients with Moderate PFT-11(57.9% of 19) patients had mild PAH, 2 (10.5% of 19) patients 

had moderate PAH, 6(31.6% of 19) patients had severe PAH. 

Out of 15 patients with severe PFT-10(66.7% of 15) had mild PAH, 5(33.3% of 15) had Moderate PAH, 

0(0% of15) had severe PAH. 

 Out of 17 patients with very severe PFT- 8(47.1%of 17) had mild PAH, 1(5.9% of 17) had Moderate PAH, 

8 (47.1% of 17) had severe PAH. 

Out of total 63 patients 31 had mild PAH, 18 had Moderate PAH, 14 had severe PAH 

DISCUSSION 

The cardiac manifestations of COPD are numerous. Impairment of right ventricular dysfunction and pulmonary 

blood vessels are well known to complicate the clinical course of COPD and co-relate inversely with survival. 

Significant structural changes occur in the pulmonary circulation in patients with COPD. The presence of 

hypoxemia and chronic ventilator insufficiency is associated with early evidence of intimal thickening and medial 

hypertrophy in the smaller branches of the pulmonary arteries. Coupled with these pathological changes are 

pulmonary vasoconstriction arising from the presence of alveolar hypoxemia, destruction of pulmonary vascular 

bed, changes in intrinsic pulmonary vasodilator substances (such as decrease in PGI 2 s (prostacyclin synthase), 

decrease in eNOS (endothelial nitric oxide synthase), and increase in ET1 (endothelin1) leads to remodeling, 
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increase in blood viscosity, and alteration in respiratory mechanics. All these lead to a significant increase in 

pulmonary vascular resistance, the consequence of which is pulmonary hypertension. Severe PH increases right 

ventricular after load with a corresponding increase in right ventricular work, which results in uniform hypertrophy 

of the right ventricle. In patients with COPD, hypoxic vasoconstriction is associated with not only right ventricular 

hypertrophy but also right ventricular dilation which eventually leads to clinical syndrome of right heart failure with 

systemic congestion and inability to adapt right ventricular output to the peripheral demand on exercise. 

Although the true prevalence of PH in COPD is unknown, an elevation of pulmonary arterial pressure is reported to 

occur in 20%–90% of patients when measured by right heart catheterization with some evidence that pulmonary 

hemodynamic worsens with worsening airflow obstruction.14-19 Two studies have shown an abnormal increase in 

mean pulmonary arterial pressure (Ppa) in COPD of 0.4–0.6 mmHg per year. These studies illustrate that PH in 

COPD progresses slowly and occurs in mild as well as severe forms of disease.20-21 

The present study was conducted at Department of respiratory medicine, Geetanjali Medical college and hospital, 

Udaipur over a period of one year from 24th February 2017. To evaluate cardiovascular status in chronic obstructive 

pulmonary diseases patients using echocardiography.  

The study group comprise of 126 COPD cases which were diagnosed as per GOLD 2017 guidelines, which 

include combined assessment of COPD (patient symptoms, mMRC dyspnoea score, number of exacerbations) and 

spirometry grading of severity of COPD based on FEV1/FVC ratio. 

In our study group, maximum number of cases 56(44.4%) were found in GOLD grade 1 (mild COPD), 

34(27.0%) cases in GOLD grade 2 (moderate COPD), 16 (12.7%)cases were in GOLD grade 3 (severe COPD) and 

20(15.9%) cases were in GOLD grade 4 (very severe COPD). Khandelwal et al22 in their study had 4%, 18%, 28% 

and 15% cases in mild, moderate, severe and very severe grades of COPD while Gupta et al23 in their study had 

45%, 27.5%, 12.5% and 15% cases in mild, moderate, severe and very severe grades of COPD respectively. In our 

study group most number of cases were of mild COPD because they were taking regular medication for it, and their 

compliance was good. 

In this study population using the combined assessment test for COPD, patients were categorised into 

group A (low risk – low symptoms), group B (low risk – more symptoms), group C (high risk- less symptoms) or 

group D (high risk- more symptoms).  55.55% patients belonged to group A, 15.87% belonged to group B and 

28.57% belonged to group D. No patients were found to be in group C. These results are in contrast with study done 

by Haughney et al24 where 36.1% patients fell into category A, 19.01% fell into category B,19.06% fell into 

category C and 25.3% fell into category D. In a study done by Meilan et al25 the distribution of symptoms into 

various categories were as follows 1507 (33.6%) patients in category A, 919 (20.5%) in category B, 355 (7.09%) in 

category C and1703 (38%) in category D. As compared to both above mentioned study, no patients were seen in 

category C in our study. This may be due to small sample size in our study (n=126) as compared to Haugney et al 

(n=6283) and Meilan et al (n=4484).  

In our study most patients of both the sexes were in mild COPD group where males were 45 and females 

were 11 followed by moderate group of COPD where males were 28 and females were 6, followed by very severe 

where males were 17 and females were 3, followed by severe COPD group where males were 13 and females were 3 
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respectively. These results are similar to the study done by Gupta et al23 in which 45% patients (18 patients out of 

total 40 patients) were in mild group. 

In our study population males 103(81.75%) outnumbered females 23(18.25%) in all age groups which is 

almost similar in comparison to study done by Jain et al26 where males were 70.2% and females were 29.8%. 

Similar results were observed in the Canadian community health survey and a study done by Antonio et al in which 

males were 79.2% and females were 20.3%. 

In our study most patients belonged to age group 50 year to 80 year of age (94%) with predominance in 61- 

70 year of age. This is also supported by results of KAISER Permanente medical care program.27 

Most of the patients were smokers (74.60%) in our study.Echocardiographic assessment was done in our 

study group as it is a reliable non- invasive tool to evaluate cardiac status even in COPD patients as stated by Jaerpe 

et al28, Whig et al28, Higham et al29. In our study most common finding was diastolic dysfunction in 77(61.11%), 

PAH in 63(50%), TR in 47(37.30%) and systolic dysfunction in 9(7.14%). Gupta et al found TR in 27(67.5%), 

diastolic dysfunction in 19(47.5%), PAH in 17(42.5%) and systolic dysfunction in 3(7.5%) cases. In a study done by 

Shrestha et al30 56.3% patients had features of chronic Cor-pulmonale. Mild PAH was seen in 41.9% of cases, 

moderate in 17.6% of cases and severe in 3.7% of cases. Diastolic dysfunction was seen in 38.7% of cases. In study 

done by jatav et al31 PAH was found in 44% of cases. In our study PAH was found in 50% of cases and diastolic 

dysfunction in 61.11% of cases. George funk et al32 stated that diastolic dysfunction may be present in COPD 

patients with normal PAP and increase with right ventricular afterload which might be another cause of increased 

diastolic dysfunction. 

Prevalence of PAH in stable COPD varies from 20 to 90% depending on the definition of PAH, severity of 

COPD and the method of measuring the pulmonary artery pressure, as described by Shujaat et al33. In a study of 120 

patients done by Scharf et al34, 90.8% patients had end expiratory pulmonary artery mean pressure > 20mmHg. 

Pulmonary hypertension (PAP mean >25 mmHg) was present in 50.2% of patients in a study done by Thabut et al35 

. It was moderate (PAP 35-45 mmHg) in 9.8% of cases and severe (PAP >45 mmHg) in 3.7% of cases. Incidence of 

PAH was 30.4% in a study done by Cuttica et al36 in 4930 patients. In our study PAH was present in 63 patients 

(50%) which is range of 20 to 91% (Shujaat et al). Incidence of PAH was 42.5% in a study done by Gupta et al 

which is comparable to the result of study. 

In our study systolic dysfunction was present in 9(7.14%). In a study done by Gupta et al, systolic 

dysfunction was found to be present in 7.5%.  

Mac Allister et al, in their study of 242 patients of acute exacerbation of COPD, reported that 20 patients 

(8.3%) had chest pain and/or serial ECG changes fulfilling the 2007 universal definition of myocardial infarction. In 

our study MI was present in 3 cases (2.38%). 37 

CONCLUSION 

In this study, we concluded that prevalence of cardiovascular diseases is high in COPD in which dysystolic 

dysfunction and pulmonary hypertension is most commonly found, which is complicating the clinical scenario of 

COPD patient. Hence our study suggested that 2DEcho is recommended for evaluation and close monitoring of 

COPD patients to detect cardiovascular system involvement and to manage that accordingly. 
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