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INTRODUCTION
Chronic Obstructive Pulmonary Disease (COPD) is a “common 
preventable, and treatable disease that is characterized by persistent 
respiratory symptoms and airow limitation due to abnormalities in 
the airway and (or) alveolar abnormalities usually caused by 
signicant exposure to noxious particles or gases”. According to the 
World Health Organization (WHO), COPD is among the leading 
causes of deaths globally. According to the global burden of disease 
(GBD) report, chronic obstructive pulmonary disease (COPD) is the 
2nd leading cause of death. In 2019 GBD report estimated the COPD 
prevalence to be 37.8 million.[1] 

As Sustainable Development Goals look to reduce premature 
mortality from Non Communicable Diseases (NCD) including COPD 
by one third by 2030, it is vital to identify the modiable risk factors 
and address them strategically. COPD includes emphysema, an 
anatomically dened condition characterized by destruction of the 
lung alveoli with air space enlargement; chronic bronchitis, a clinically 
dened condition with chronic cough and phlegm; and small airway 
disease, a disorder when the quantity and size of tiny bronchioles are 
diminished. The classic denition of COPD requires the presence of 
chronic airow obstruction, determined by spirometry, that usually 
occurs in the setting of noxious environmental exposures—most 
commonly cigarette smoking. There are various degrees of 
emphysema, chronic bronchitis, and small airway disease among 
COPD patients.[2]

Pulmonary hypertension (PHT) is classied as pulmonary arterial 
hypertension (PAH), PHT attributable to left heart disease. Although 
arterial hypertension can induce hypertensive left heart disease and 
diastolic dysfunction, it is not listed as a possible cause for PHT in 
contemporary guidelines and consensus documents.[3]

COPD is complicated by a high rate of cardiac diseases predominantly 
right side heart diseases. COPD patients have 2–3 fold elevated 
predisposition of cardio-vascular (CV) events even when confounders 
are taken into account.[4] 

Cardiovascular comorbidity in COPD is assumed as “cardio-
pulmonary continuum” rather than being attributed to shared risk 
factors. Cardio-respiratory interactions are not restricted to denite 
structural, haemodynamic, vascular or genetic parameters and both 

diseases are linked to systemic inammation. COPD augments the 
likelihood of having cardio-vascular diseases (CVD), the strongest 
association, being with heart failure. The diagnosis of heart failure 
with preserved ejection fraction (HFpEF) in COPD is difcult. Its 
precursor—abnormal left ventricular relaxation, is termed left 
ventricular diastolic dysfunction (LVDD).[5] 

Diastolic dysfunction (DD) is a functional abnormality of diastolic 
relaxation, lling, or distensibility of the left ventricle (LV) regardless 
of LV systolic function. In a population-based study, a greater extent of 
emphysema on computed tomography and more severe airow 
obstruction were linearly related to impaired left ventricular (LV) 
lling, reduced stroke volume, and lower cardiac output without 
changes in the ejection fraction. Previous Doppler studies have 
demonstrated that left ventricular diastolic dysfunction (LVDD) is 
frequently found in severe patients with COPD  Therefore this study .[6-8]

was aim to investigate Left ventricular dysfunction in COPD without 
pulmonary hypertension.

Study Objectives
1. To assess and compare left ventricular dysfunction in chronic 

obstructive pulmonary disease patients with or without 
pulmonary hypertension

2. To nd out proportion of left ventricular dysfunction in COPD 
patient

MATERIALS AND METHODS
This observational cross-sectional study was conducted at SMS 
Medical College, Jaipur, from August 2023 to December 2024, on 116 
spirometry-conrmed COPD patients (58 with PH, 58 without PH). 
Sample size was calculated at 95% condence level, targeting LVMPI 
≥ 0.51 (88.5% in PH, 64.9% in non-PH, power 80%).

Inclusion Criteria:
Ÿ Spirometry-conrmed COPD (GOLD stages I–IV).
Ÿ Informed consent.
Exclusion Criteria:
Ÿ Arterial hypertension, systemic illnesses (e.g., diabetes, coronary 

artery disease), inadequate heart visualization, or inability to 
perform spirometry.
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ABSTRACT
Background: Chronic Obstructive Pulmonary Disease (COPD) is a major global health concern, often complicated by cardiovascular 
comorbidities, including left ventricular dysfunction (LVD). Pulmonary hypertension (PH) in COPD may exacerbate LVD, impacting clinical 
outcomes. This study evaluates the prevalence and characteristics of LVD in COPD patients with and without PH. A cross-sectional  Methods: 
study was conducted at SMS Medical College, Jaipur, from August 2023 to December 2024, involving 116 spirometry-conrmed COPD patients 
(58 with PH, 58 without PH). Patients underwent echocardiography, pulmonary function tests, arterial blood gas analysis, ECG, and chest 
radiography. LVD, particularly diastolic dysfunction, was assessed using parameters like left ventricular myocardial performance index (LVMPI), 
E/A ratio, and right ventricular metrics. Statistical analysis used Student's t-test, ANOVA, and Pearson correlation (p<0.05).  LVD was  Results:
signicantly more prevalent in the COPD with PH group (65.5% vs. 41.4%, p=0.01), with diastolic dysfunction predominant (55.2% vs. 34.5%, 
p=0.01). The PH group showed higher LVMPI (0.58 ± 0.12 vs. 0.46 ± 0.10, p=0.001), lower E/A ratio (0.82 ± 0.19 vs. 0.95 ± 0.22, p=0.01), and 
elevated pulmonary artery systolic pressure (48.6 ± 10.2 mmHg vs. 22.4 ± 5.1 mmHg, p=0.001). Right ventricular end-diastolic dimension was 
larger in the PH group (34.5 ± 5.6 mm vs. 30.2 ± 4.8 mm, p=0.01). Hospitalizations (4.7 ± 1.1 vs. 0–4.1 ± 1.3, p=0.04) and mortality (10.34% vs. 
0–6.88%, p=0.02) were higher in the PH group.  COPD patients with PH exhibit a higher prevalence of LVD, particularly diastolic  Conclusion:
dysfunction, driven by increased pulmonary pressures and ventricular interdependence. Routine echocardiographic screening is recommended for 
early detection and management of LVD in COPD, especially in severe cases or with PH, to improve clinical outcomes.
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Patients underwent physical examination, arterial blood gas analysis, 
ECG, chest radiography, and pulmonary function tests per American 
Thoracic Society standards. COPD diagnosis required a smoking 
history (≥10 pack-years) and irreversible airway obstruction. 
Echocardiography assessed systolic and diastolic LV dimensions, 
interventricular septum thickness, and right/left ventricular 
parameters, including mitral/tricuspid ow (E/A ratio), right 
ventricular ejection time (RVET), acceleration time (AT), and pre-
ejection period (PEP). Statistical analysis used Student's t-test, 
ANOVA, and Pearson correlation (p<0.05) via SPSS v 25.

RESULTS & DISCUSSION
Socio-demographic Profile: The PH group was older (63.4 ± 8.7 vs. 
59.8 ± 8.1 years, p=0.02), with more males (44 vs. 36, p=0.16). 
Smoking history and BMI were similar (p=0.59, p=0.21).

LVD Prevalence: LVD was more prevalent in the PH group (65.5% 
vs. 41.4%, p=0.01), particularly diastolic dysfunction (55.2% vs. 
34.5%, p=0.01). Systolic dysfunction was higher but not signicant 
(17.2% vs. 10.3%, p=0.09).

Left Ventricular Myocardial Performance Index (LVMPI): The 
LVMPI was signicantly higher in the COPD with PH group (0.58 ± 
0.12 vs. 0.46 ± 0.10, p=0.001), indicating worse global left ventricular 
function. An LVMPI ≥ 0.51 was observed in 51 patients with PH 
(88.5%) compared to 38 without PH (64.9%, p<0.01). This suggests 
that PH exacerbates left ventricular dysfunction, as LVMPI reects 
both systolic and diastolic performance.

The mean LVEF was lower in the COPD with PH group (52.2 ± 7.8% 
vs. 57.1 ± 6.5%, p=0.02), indicating mildly impaired systolic function 
in the presence of PH. This reduction, though statistically signicant, 
remains within the normal range for most patients, suggesting that 
systolic dysfunction is less pronounced than diastolic dysfunction in 
this cohort.

Mitral Flow E/A Ratio
The E/A ratio, an indicator of diastolic function, was signicantly 
lower in the COPD with PH group (0.82 ± 0.19 vs. 0.95 ± 0.22, 
p=0.01). This reects impaired early diastolic lling, consistent with 
diastolic dysfunction, likely due to increased right ventricular pressure 
affecting left ventricular compliance in the PH group.

Peak Flow Velocity of Early Diastolic Filling (E): The peak early 
diastolic lling velocity (E) was lower in the COPD with PH group 
(62.3 ± 10.4 cm/s vs. 68.7 ± 11.2 cm/s, p=0.01), supporting the nding 
of impaired diastolic relaxation in patients with PH. 

Peak Flow Velocity of Late Atrial Filling (A): The peak late atrial 
lling velocity (A) was higher in the COPD with PH group (75.6 ± 12.1 
cm/s vs. 70.2 ± 11.8 cm/s, p=0.03). This suggests a greater reliance on 
atrial contraction to achieve ventricular lling, compensating for 
impaired early diastolic lling in the PH group.

The atrial systole fraction was higher in the COPD with PH group (42.3 
± 8.7% vs. 36.8 ± 7.2%, p=0.01), indicating increased dependence on 
atrial contraction for left ventricular lling. This further conrms 
diastolic dysfunction in the PH group.

Right Ventricular Ejection Time (RVET): The RVET was shorter in 
the COPD with PH group (210.2 ± 25.1 ms vs. 225 ± 21.8 ms, p=0.01), 
suggesting altered right ventricular systolic function due to increased 
pulmonary pressures. This may reect the impact of PH on right 
ventricular performance.

Acceleration Time (AT):  The acceleration time (AT) was 
signicantly shorter in the COPD with PH group (85 ± 15 ms vs. 95 ± 
12 ms, p<0.01). A shorter AT is indicative of increased pulmonary 
vascular resistance, consistent with the presence of pulmonary 
hypertension.

Pre-Ejection Period (PEP): The pre-ejection period (PEP) was 
longer in the COPD with PH group (90 ± 18 ms vs. 82 ± 16 ms, p=0.02), 
reecting delayed right ventricular ejection due to elevated pulmonary 
pressures. This supports the impact of PH on right ventricular 
hemodynamics.

AT/RVET Ratio: The AT/RVET ratio showed no signicant 
difference between groups (0.40 ± 0.07 vs. 0.42 ± 0.06, p=0.15). This 
suggests that while AT is reduced in the PH group, the ratio relative to 
RVET remains comparable, possibly due to compensatory 
mechanisms in right ventricular function.

PEP/RVET Ratio: The PEP/RVET ratio was signicantly higher in 
the COPD with PH group (0.43 ± 0.09 vs. 0.36 ± 0.08, p=0.01), 
indicating a greater delay in right ventricular ejection relative to total 
ejection time. This is consistent with increased pulmonary vascular 
resistance in PH.

Pulmonary Artery Systolic Pressure (PASP): The PASP was 
markedly elevated in the COPD with PH group (48.6 ± 10.2 mmHg vs. 
22.4 ± 5.1 mmHg, p=0.001), conrming the presence of pulmonary 
hypertension. This elevation is a key driver of the observed right and 
left ventricular dysfunction in the PH group.

Interventricular Septum Thickness: The interventricular septum 
thickness was slightly greater in the COPD with PH group (10.8 ± 1.4 
mm vs. 10.1 ± 1.2 mm, p=0.04). This may reect compensatory 
hypertrophy due to increased right ventricular pressure, impacting 
septal dynamics.

Right Ventricular End-Diastolic Dimension: The right ventricular 
end-diastolic dimension (RVEDD) was signicantly larger in the 
COPD with PH group (34.5 ± 5.6 mm vs. 30.2 ± 4.8 mm, p=0.01), 
indicating right ventricular dilation due to chronic pressure overload 
from pulmonary hypertension.

Table 1: Arterial Blood Gas Analysis

Chest Radiography and ECG: Increased bronchovascular markings 
were more frequent in the PH group (38 vs. 24, p=0.016). ECG 
ndings like right axis deviation (25 vs. 0, p<0.001) and P-pulmonale 
(19 vs. 1, p<0.001) were strongly associated with PH.

Clinical Outcomes: The PH group had higher hospitalizations (4.7 ± 
1.1 vs. 0–4.1 ± 1.3, p=0.04) and mortality (10.34% vs. 0–6.88%, 
p=0.02).

DISCUSSION
The study found that 65.5% (38/58) of COPD patients with PH had 
LVD, compared to 41.4% (24/58) in those without PH (p=0.01), with 
diastolic dysfunction being predominant (55.2% vs. 34.5%, p=0.01). 
These results are consistent with  who reported El Wahsh et al. (2013),
signicant differences in left ventricular diastolic and global function 
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Parameter COPD with 
PH (n=58)

COPD without 
PH (n=58)

p-value

PaO2 (mmHg, mean ± SD) 60.2 ± 8.9 68.4 ± 9.2 <0.01
PaCO2 (mmHg, mean ± SD) 48.7 ± 7.1 42.3 ± 6.8 <0.01
pH (mean ± SD) 7.36 ± 0.05 7.39 ± 0.04 0.03
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between COPD patients with and without PH, with a higher prevalence 
of diastolic dysfunction in the PH group. Similarly, Khanam et al. 
(2021) noted that 64% of COPD patients had clinically signicant left 
ventricular diastolic dysfunction (LVDD), even in those with normal 
pulmonary artery systolic pressure (PASP), emphasizing the burden of 
diastolic dysfunction in COPD.

The higher prevalence of LVD in the PH group may be attributed to 
increased right ventricular pressure, which affects left ventricular 
lling through ventricular interdependence, as described by Mishra 
and Gantayat (2018). They highlighted that right ventricular (RV) 
dysfunction, common in PH, can independently contribute to LV 
dysfunction due to shared myocardial bers and septal dynamics. Our 
nding of a larger right ventricular end-diastolic dimension (RVEDD) 
in the PH group (34.5 ± 5.6 mm vs. 30.2 ± 4.8 mm, p=0.01) supports 
this mechanism, indicating RV dilation secondary to PH.

Systolic dysfunction was less prevalent (17.2% vs. 10.3%, p=0.09), 
consistent with Hilde et al. (2020), who found subclinical LV systolic 
dysfunction in COPD patients but noted that diastolic dysfunction was 
less evident by conventional echocardiographic indices. In contrast, 
our study detected signicant diastolic dysfunction, likely due to the 
inclusion of PH patients, who experience greater cardiopulmonary 
stress. The left ventricular myocardial performance index (LVMPI) 
was also higher in the PH group (0.58 ± 0.12 vs. 0.46 ± 0.10, p=0.001), 
aligning with El Wahsh et al. (2013), who reported elevated LVMPI in 
PH patients, reecting combined systolic and diastolic impairment.

Impact of Pulmonary Hypertension
Pulmonary hypertension, conrmed by elevated PASP (48.6 ± 10.2 
mmHg vs. 22.4 ± 5.1 mmHg, p=0.001), was a key driver of LVD in our 
study. The moderate positive correlation between LVMPI and PASP 
(r=0.62, p<0.001) underscores the relationship between pulmonary 
pressures and left ventricular function.

This is consistent with  who found that COPD El Wahsh et al. (2013),
patients with PH had lower E/A ratios and higher myocardial 
performance indices, indicating worse diastolic and global function. 
The increased interventricular septum thickness (10.8 ± 1.4 mm vs. 
10.1 ± 1.2 mm, p=0.04) in our PH group suggests septal hypertrophy, 
likely a compensatory response to RV pressure overload, further 
impacting LV compliance.

Mishra and Gantayat (2018) emphasized that RV pressure increases in 
COPD with PH lead to changes in LV function, supporting our ndings 
of altered echocardiographic parameters (e.g., lower E/A ratio: 0.82 ± 
0.19 vs. 0.95 ± 0.22, p=0.01; higher atrial systole fraction: 42.3 ± 8.7% 
vs. 36.8 ± 7.2%, p=0.01). These changes reect impaired diastolic 
lling and increased reliance on atrial contraction, hallmarks of LVDD 
in the context of PH.

Severity of COPD and LVD
The COPD with PH group had a higher prevalence of severe GOLD 
Stage IV disease (17 vs. 10 patients, p=0.01), correlating with worse 
lung function (FEV1: 48.2 ± 12.3% vs. 54.6 ± 13.1%, p=0.01).

Kr Saha et al. (2018) reported that 100% of GOLD Stage IV patients 
had LVDD, compared to 16.66% in Stage I, aligning with our 
observation that advanced COPD exacerbates LVD. Ra et al. (2019) 
also found a signicant correlation between COPD stages and LVD 
prevalence (80% in their cohort), reinforcing the need for routine 
echocardiographic screening in severe COPD, as recommended by 
Mishra and Gantayat (2018).

Worse arterial blood gas parameters in the PH group (PaO2: 60.2 ± 8.9 
mmHg vs. 68.4 ± 9.2 mmHg, p<0.01; PaCO2: 48.7 ± 7.1 mmHg vs. 
42.3 ± 6.8 mmHg, p<0.01) indicate greater hypoxemia and 
hypercapnia, which may contribute to PH and subsequent LVD. 
Maklad et al. (2019) noted that recurrent exacerbations, often triggered 
by infections, increase airway inammation and hyperination, 
worsening gas exchange and potentially exacerbating PH and cardiac 
dysfunction.

ECG and Radiographic Findings
ECG ndings, including right axis deviation (25 vs. 0, p<0.001), P-
pulmonale (19 vs. 1, p<0.001), and low voltage complexes (32 vs. 7, 
p<0.001), were strongly associated with PH, reecting right heart 
strain. These align with  who reported signicant Ra et al. (2019),
correlations between chest X-ray and ECG ndings with LVD in 

COPD. Our chest radiograph ndings showed increased 
bronchovascular markings in the PH group (38 vs. 24, p=0.016), 
suggesting pulmonary vascular changes, though other ndings like 
emphysema were similar (48 vs. 39, p=0.08).

Clinical Outcomes
The COPD with PH group had higher hospitalization rates (4.7 ± 1.1 
vs. 0–4.1 ± 1.3, p=0.04) and mortality (10.34% vs. 0–6.88%, p=0.02), 
particularly in severe COPD. Maklad et al. (2019) highlighted that 
severe exacerbations are associated with worse survival and quality of 
life, consistent with our ndings. 

CONCLUSION
This study conrms that COPD patients with pulmonary hypertension 
have a signicantly higher prevalence and severity of left ventricular 
dysfunction, particularly diastolic dysfunction, compared to those 
without PH. The presence of PH exacerbates cardiopulmonary 
impairment, as evidenced by worse echocardiographic parameters 
(e.g., higher LVMPI, lower E/A ratio), increased right ventricular 
dimensions, and poorer clinical outcomes, including higher 
hospitalization and mortality rates. These ndings underscore the 
synergistic effect of PH on left ventricular function in COPD, mediated 
by increased pulmonary pressures and ventricular interdependence.

Routine echocardiographic evaluation, particularly using Doppler 
tissue imaging, is recommended for COPD patients, especially those 
with PH or severe disease (GOLD Stage III–IV), to detect LVD early 
and guide interventions. The study highlights the need for integrated 
management strategies targeting both pulmonary and cardiac 
complications to improve outcomes in this high-risk population. 
Future research should focus on longitudinal studies to assess LVD 
progression, the role of inammatory markers and electrolytes, and 
potential therapeutic interventions, such as pulmonary vasodilators, to 
mitigate LVD in COPD with PH. 
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