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Abstract: 
In 1963, an expert committee of the World Health Organization defined cor-pulmonale as “hypertrophy of the right 

ventricle resulting from diseases affecting the function and/or structure of the lungs...,”but this pathological 

definition is in fact of limited value in clinical practice. Mild-to-moderate pulmonary hypertension is a common 

complication of chronic obstructive pulmonary disease (COPD); such a complication is associated with increased 

risks of exacerbation and decreased survival. Habitual lung conditions as well as conditions of the pulmonary 

vessels beget increased pulmonary vascular resistance. The most common beginning medium causing increased 

pulmonary blood pressure (pulmonary hypertension) is by pulmonary vasoconstriction, activation of coagulation 

pathway and annihilation of pulmonary arterial vessels. Pulmonary hypertension causes pressure load on the right 

ventricle and hence right ventricular blowup. Originally, there's right ventricular hypertrophy, but as cardiac 

decompensation sets in and right heart failure ensues, dilatation of right ventricle occurs. In patients with COPD, 
clinical signs may be masked by lung hyperinflation. Most patients initially have dyspnea, which becomes more 

severe as right ventricular failure occurs. Chest pain may occur and be difficult to differentiate from angina 

pectoris. In patients with severe COPD, orthopnea, worsening right ventricular function, bloating and early satiety 

occurs. The goal of treatment is to control symptoms. It is important to treat medical problems that cause pulmonary 

hypertension, because they can lead to Cor- pulmonale. As per NICE (National Institute for Health and Care 

Excellence) guidelines, the treatment of Cor pulmonale is Long Term Oxygen Therapy. 
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INTRODUCTION: 

The term“cor pulmonale” is still popular in the 

medical literature, but there is presently no 

consensualdefinition. In 1963, an expert committee 

of theWorld Health Organization defined cor 
pulmonaleas“hypertrophy of the right ventricle 

resulting fromdiseases affecting the function and/or 

structure of thelungs...,”[1] but this pathological 

definition is in fact oflimited value in clinical 

practice. As pulmonaryhypertension (PH) is the“sine 

qua non”of cor pul-monale[2].We believe that the 

best definition of corpulmonale ispulmonary arterial 

hypertension resulting from diseases affecting the 

structure and/or the function of the lungs; pulmonary 

arterial hypertension results in right ventricular 

enlargement (hypertrophy and/or dilatation) and may 

lead with time to right heart failure [3].Pulmonary 

hypertension in COPD is placed in group 3 of the 

2003 WHO classification of PH, i.e., PH associated 
with disorders of the respiratory system and/or 

hypoxemia. PH associated with lung disease is 

defined as resting mean PAP (mPAP) greater than 20 

mm Hg, which is different from the definition of 

primary pulmonary hypertension (mPAP >25 mm 

Hg) [4]. 

A new diagnostic classification of pulmonary 

hypertension was developed by a group of experts in 

1998[5] and is presented on Table1. 

 

New diagnostic classification of pulmonary hypertension [5] 

 

1. Pulmonary arterial hypertension 

    1.1 Primary pulmonary hypertension 

        (a) Sporadic 

        (b) Familial 

    1.2 Related to: 

        (a) Collagen vascular disease 

        (b) Congenital systemic to pulmonary shunts 

        (c) Portal hypertension 

        (d) HIV infection 

        (e) Drugs/toxins 

            (1) Anorexigens 

            (2) Other 

        (f ) Persistent pulmonary hypertension of the newborn 

2. Pulmonary venous hypertension 

    2.1 Left sided atrial or ventricular heart disease 
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    2.2 Left sided valvar heart disease 

    2.3 Extrinsic compression of central pulmonary veins 

        (a) Fibrosingmediastinitis 

        (b) Adenopathy/tumours 

    2.4 Pulmonary veno-occlusive disease 

3. Pulmonary hypertension associated with disorders of the respiratory system  

and/or hypoxaemia 

    3.1 Chronic obstructive pulmonary disease 

    3.2 Interstitial lung disease 

    3.3 Sleep disordered breathing 

    3.4 Alveolar hypoventilation disorders 

    3.5 Chronic exposure to high altitude 

    3.6 Neonatal lung disease 

    3.7 Alveolar capillary dysplasia 

4. Pulmonary hypertension caused by chronic thrombotic and/or embolic disease 

    4.1 Thromboembolic obstruction of proximal pulmonary arteries 

    4.2 Obstruction of distal pulmonary arteries 

        (a) Pulmonary embolism (thrombus, tumour, ova and/or parasites, 

 foreign material) 

        (b) In situ thrombosis 

        (c) Sickle cell disease 

5. Pulmonary hypertension caused by disorders directly affecting 

 the pulmonary vasculature 



IAJPS 2022, 09 (10), 48-58                           Naveena.B et al                            ISSN 2349-7750 
 

 w w w . i a j p s . c o m  
 

Page 51 

    5.1 Inflammatory 

        (a) Schistosomiasis 

        (b) Sarcoidosis 

    5.2 Pulmonary capillary haemangiomatosis 

 
 

 

Chronic obstructive pulmonary disease (COPD) is a 

leading cause of morbidity and mortality worldwide 

with an increasing prevalence during the past 

decades. Mild-to-moderate pulmonary hypertension 

is a common complication of chronic obstructive 
pulmonary disease (COPD[6]. 

 

 In our opinion cor pulmonale corresponds to the 

third part of this classification and must be 

distinguished from pulmonary venous hypertension 

(part 2), and also from primary pulmonary 

hypertension (part 1) and from thromboembolic 

pulmonary hypertension (part 4) [7]. 

 

PATHOPHYSIOLOGY 

Habitual lung conditions as well as conditions of the 

pulmonary vessels beget increased pulmonary 

vascular resistance. The most common beginning 

medium causing increased pulmonary blood pressure 
(pulmonary hypertension) is by pulmonary 

vasoconstriction, activation of coagulation pathway 

and annihilation of pulmonary arterial vessels. 

Pulmonary hypertension causes pressure load on the 

right ventricle and hence right ventricular blowup. 

originally, there's right ventricular hypertrophy, but 

as cardiac decompensation sets in and right heart 

failure ensues, dilatation of right ventricle occurs [8]. 
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Figure;1 Pathogenesis of corpulmonale 
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The walls of the large pulmonary highways are 

thinner than those of the systemic highways and are 

designed to distend. The pulmonary vessels have 

lower resistance than their systemic counterparts, and 

the pulmonary arterioles can alter their quality in 
response to changes in blood volume. 

 

In healthy persons, the cardiac affair of the right 

ventricle has to increase by2.5 times its birth value to 

produce any elevation in PAR Pulmonary vascular 

resistance (PVR) depends on flux pressure in the 

pulmonary roadway, exodus pressure in the 

pulmonary modes or left patio, and blood inflow 

through the lungs. Because the pulmonary circuit is 

typically a low- resistance, largely biddable system, 

significant PAH develops only in cases with 

considerable abnormality of the pulmonary vessels. 
In grown-ups, the right ventricle is a thin- walled, 

crescent-structured chamber that's further of a 

volume pump than a pressure pump and adapts better 

to changing preloads than to acute increases in 

afterload. Still, some investigators have set up a 

reduced caravan ejection bit (RVEF) [9,10]. An 

addition of the caravan afterload, performing from 

increases in PAP and PVR, is the most common 

cause of reduced RVEF. 

 

Several mechanisms have been included in the 
pulmonary Hypertension in COPD. 

 

Pulmonary Vasoconstriction 

Hypoxic condensation of the small muscular 

pulmonary highways [11] is a defensive medium to 

divert blood inflow from hypoxic alveoli to more 

voiced alveoli and reduce ventilation- perfusion 

mismatch [12]. Still, when alveolar hypoxia is 

verbose, similar as in severe COPD, it causes 

generalized pulmonary vasoconstriction and 

accordingly raises the PVR.patient hypoxia leads to 

pulmonary vascular redoing [13] which contributes to 
the PVR. 

 

Pulmonary Vascular remodeling 

Vascular remodeling in COPD cases is seen at all 

stages of the complaint and is characterized by 

intimal fibrosis and proliferation of longitudinal 

smooth muscle in the muscular pulmonary highways 

and arterioles, and neomuscularization of pulmonary 

arterioles [14-16]. These pulmonary vascular changes 

also do in cases with mild COPD. This suggests that 

mechanisms other than hypoxia also play an 
important part in the pathogenesis of vascular 

remodeling[17]. 

 

Still, pathologic studies in COPD haven't shown 

complex lesions, which are constantly encountered in 

cases with pulmonary arterial hypertension [18], 

similar as plexiform lesions or angiomatoid lesions, 

characteristic of severe PH. 

Endothelial Dysfunction 

The normal endothelium plays an important part in 
modulating pulmonary vasomotor tone and cellular 

proliferation. Nitric oxide (NO) produced by 

endothelial NO synthase (eNOS) has vasodilator and 

antiproliferative parcels. Prostacyclin produced by 

the exertion of prostacyclin synthase is another 

vasodilator that also protects against vascular 

redoing. fighting vasodilatation is endothelium- 

deduced endothelin- 1 (ET- 1). In cases with COPD 

and PH there's a reduction in the conflation and/ or 

release of NO from the lung [19]. In COPD there's a 

reduction in the expression of prostacyclin synthase 

mRNA[20], and in cases with secondary pulmonary 
hypertension there's an inordinate expression of 

endothelin-1 (ET-1) [21]. Arterial ET- 1 also 

increases shortly after occurrences of nightly oxygen 

desaturation in cases with COPD and remains 

advanced during the day in these subjects [22]. 

 

Inflammation 

Cigarette smoking induces a CD8 T- lymphocyte 

infiltration of the adventitia of muscular pulmonary 

highways, which correlates with both the 

endothelium-dependent relaxation and the intimal 
consistence, suggesting the implicit involvement of 

an seditious process in the pathogenesis of pulmonary 

vascular abnormalities in the early stage of COPD 

[23].Systemic inflammation is a given element of 

COPD [24,25] and inflammation may contribute to 

the pathogenesis of PH. [26] showed that elevated 

circulating situations of the proinflammatory 

cytokine interleukin- 6 (IL- 6) directly identified with 

elevations in Mpap( 𝑟 = 0. 3 9; 𝑃< 0. 0 0 1). also, C- 

reactive protein situations have also been shown to 

relate with both PAP and situations of ET- 1 [27]. 

 

Destruction of the Pulmonary Vascular Bed 

Destruction of the pulmonary vascular bed by 

emphysema reduces the total cross-sectional area of 

the pulmonary circulation and increases the total 

PVR when the remaining capacitance vessels are 

abnormal and unable to accommodate the increased 

diverted pulmonary blood flow at rest and the 

increased CO during exercise. 

 

A hypercoagulable state has also been described in 
patients with COPD [28,29]. There appears to be an 

increased frequency of deep venous thrombosis and 

pulmonary embolism in acute exacerbations of 

COPD [30-32] and histopathologically thrombotic 

lesions have been detected in lung tissue from 

patients with severe emphysema undergoing lung-
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volume reduction surgery [33]. It is postulated that 

the inflammatory aspects of the so-called COPD 

exacerbation may trigger a hypercoagulable state and 

increase the risk of thrombosis including in situ 

thrombosis. 

 

Polycythemia 

Polycythemia not only increases the viscosity of 

blood and the resistance to blood flow through the 

pulmonary circulation [34] but also augments 

hypoxic pulmonary vasoconstriction by causing a 

local deficiency of NO which may be related to the 

excessive removal of NO from the pulmonary 

circulation by the large amount of hemoglobin 

[35,36]. 

 

Genetic Factors 
The pulmonary vascular response to hypoxia is 

genetically determined. Serotonin (5-

hydroxytryptamine, 5-HT) and its transporter (5-

HTT) play a role in pulmonary artery smooth muscle 

cell (PASMC) proliferation and vascular remodeling. 

The severity of PH in hypoxic COPD patients 

depends upon 5-HTT gene polymorphism. PH is 

most severe in patients carrying the LL genotype, 

which is associated with higher levels of 5-HTT 

expression in PASMCs [37]. ACE is present in very 

high concentrations in the lungs and its activity is 
further increased by hypoxia [38]. ACE is a 

vasoconstrictor and mediator of PASMC 

proliferation. The ACE DD genotype is associated 

with increased circulating and tissue concentrations 

of ACE. Moreover, the ACE DD genotype is 

associated with exaggerated PH during exercise in 

COPD patients [39]. 

 

Hyperinflation 
Severe emphysema with air-trapping and 

hyperinflation is associated with intrinsic positive 

end-expiratory pressure of 5–7.5 cm H2O [40]. The 
positive alveolar pressure throughout respiration 

contributes to the high PVR [41] aswell as increases 

both PAWP and PAP. This mechanism may assume a 

more important role in development of PH during 

exercise and in patients with severe emphysema who 

are not hypoxemic. 

 

DIAGNOSIS OF COR PULMONAL 

Symptoms and physical signs are of little help in the 

diagnosis of cor pulmonale. Dyspnea on exertion and 

fatigue is generally present in advanced chronic 
respiratory disease with or without PH. In COPD, 

they are essentially the consequence of airflow 

limitation and hyperinflation rather than PH. Physical 

signs that are observed in severe PH and particularly 

in IPAH [e.g., pansystolic murmur owing to tricuspid 

regurgitation (TR)] are rarely present in respiratory 

patients with PH. This can be explained by the 

modest degree of PH in most patients and by the late 

occurrence (or no occurrence at all) of RHF. 

Peripheral edema occurs rather late in the course of 
chronic respiratory disease, particularly COPD, and 

is not synonymous with RHF [42,43]. 

 

The width of the right descending pulmonary artery 

on the chest radiograph may indicate the presence of 

pulmonary hypertension. A width of > 16 mm has 

been shown to correlate with the presence of 

pulmonary hypertension in patients with COPD[44]. 

In patients with COPD, a high cardiothoracic ratio is 

highly sensitive and 100% specific for the presence 

of pulmonary hypertension [45]. Although the chest 

radiograph may provide evidence for the presence of 
pulmonary hypertension, it cannot measure the 

degree of pulmonary artery pressure elevation. A 

globular heart may indicate right ventricular dilation 

or hypertrophy, which would be further supported by 

the presence of a decrease in the retrosternal air space 

on a corresponding lateral view. Electrocardiographic 

evaluation for right ventricular hypertrophy is highly 

specific but not sensitive [46]. 

 

Magnetic resonance imaging may prove useful for 

the diagnosis of PH and altered right ventricular 
structure and function. The non-invasive diagnosis of 

PH is presently based on Doppler echocardiography, 

which is by far the best method [47].The maximum 

velocity of the TR jet allows the calculation of the 

right ventricle– right atrial pressure gradient by 

applying the Bernoulli equation. In COPD patients, 

hyperinflation makes echocardiography difficult and 

a reliable examination cannot be obtained in more 

than 60–80% of the cases [14]. PAP measured 

invasively has not always been confirmed in COPD 

patients and a mean error of estimate for systolic PAP 

of about 10 mmHg has been reported [48]. 
 

Computed tomography (CT) can be used to 

determine the pulmonary artery cross-section 

diameter, which correlates well with pulmonary 

artery pressure [49].High-resolution CT scans 

(HRCT) can provide evidence of parenchymal 

disease. Magnetic resonance imaging (MRI) is 

becoming the reference standard for measuring 

ventricular dimensions because it provides the best 

image of the right ventricle [50]. 

 
Severe exacerbations of chronic respiratory disease, 

occurring in patients with chronic respiratory failure, 

are characterized by a worsening of hypoxemia and 

hypercapnia and simultaneously there is a 

pronounced increase in PAP[51] 
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A right heart catheterisation is a gold standard for 

diagnosis, assessment of Pulmonary hypertension 

severity. Right heart catheterization reveals evidence 

of right ventricular (RV) dysfunction without left 

ventricular (LV) dysfunction, which is an estimation 
of left atrial pressure. Thus, RV dysfunction is also 

defined as having a PCWP below 15 mmHg. 

PFTs and 6-minute walk test for assessment of the 

severity of lung disease and exercise capacity 

respectively[52]. 

Plasma brain natriuretic peptide (BNP) may provide a 

reliable and accurate diagnostic test for PH. BNP is a 

cardiac hormone, which is synthesized by the 

ventricle and secreted into the circulation in response 

to increased wall stretch and tension during 

elevations in end-diastolic pressure [53]. 

DIFFERENTIAL DIAGNOSIS 

 Atrial myxoma 

 Chronic thromboembolic pulmonary 

hypertension 

 Congestive (biventricular) heart failure 

 High-output heart failure 

 Infiltrative cardiomyopathies 

 Obstructive sleep apnea (OSA) 

 Pulmonary hypertension 

 Right heart failure due to congenital heart 

diseases 

 Right heart failure due to right ventricular 

infarction [52]. 

SYMPTOMS AND SIGNS 

The symptoms of chronic cor pulmonale develop 

gradually over years. Most patients initially have 

dyspnea, which becomes more severe as right 

ventricular failure occurs. Chest pain may occur. In 

patients with severe COPD, orthopnea is common 

and is thought to be related to the effect of lung 
hyperinflation on venous return to the right side of 

the heart.[54]. 

Sodium retention is enhanced by hypercapnia and 

ameliorated by long-term oxygen therapy in 

hypoxemic patients.[55] True right heart failure is 

characterized by raised jugular venous pressures, 
congestive hepatomegaly as well as peripheral 

edema[52].Hyperinflation reduces the yield of 

cardiac auscultation for the classic signs of PH and 

CP i.e,loud P2, S3 gallop, the systolic murmur of 

tricuspid regurgitation [56]. 

The main characteristic of pulmonary hypertension in 

chronic respiratory disease is probably its mild to 
moderate degree of hypertension, with resting PAP in 

a stable state of the disease ranging usually between 

20–35 mm Hg. Its well-recognized in COPD is very 

different from left heart disease, congenital heart 

disease, pulmonary thromboembolic disease. [57]. 

Probably the most important clinical symptom of 

pulmonary hyper-tension is fatigability; the most 

characteristic symptom of heart failure, dyspnea[58]. 

TREATMENT 

The goal of treatment is to control symptoms. It is 

important to treat medical problems that cause 

pulmonary hypertension, because they can lead to Cor-

pulmonale. As per NICE (National Institute for Health 

and Care Excellence) guidelines, the aim in the 

management of pulmonary hypertension and cor 

pulmonale is to reduce the frequency of episodes of 

RHF (Right Heart Failure). 

FOR PULMONARY HYPERTENSION 

Phosphodiesterase-5 Inhibitors 

1. Sildenafil + Pulmonary rehabilitation Programme – 

Sildenafil 20mg TDS plus a pulmonary rehabilitation 

programme starting a week later.PDE inhibitors 

prevent the hydrolysis of cGMP,which has 

vasodilatory and antiproliferative effects on the 

pulmonary vasculature that cause the blood vessels to 
relax. 

2. Tadalafil-10mg/day [59]. 

Statins 

1. Atorvastatin – 40mg/day[59]. Treatment with 

atorvastatin for 9 weeks resulted in attenuation of 

pH, pulmonary vascular remodeling and RV 

hypertrophy. Mechanistically, therapy 

significantly decreased the expression of RhoA 

and ROCK II and inflammatory infiltration in the 
lung[60]. 

2. Pravastatin – 40mg/day[59]. 

Nifedipine 

10 mg TDS[59]. It blocks the voltage dependent L-

type calcium channels in vascular smooth muscle and 

myocardial cells. Reduced intracellular calcium 

reduces peripheral arterial vascular resistance and 

dilatation of coronary arteries, leading to a reduction 

in systemic BP and increased myocardial oxygen 

delivery[61]. 

Pentoxifylline 

400mg TDS Or 200 mg for patients receiving 

theophylline[59]. With its anti-inflammatory, 

antifibrotic and hemorheological properties, 

pentoxifylline has been demonstrated to increase the 
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filterability of RBCs, decrease the adherence of 

RBCs to endothelial cells, blood viscosity, platelet 

aggregation, fibrinogen levels, and act as a 

vasodilator and improve pulmonary hemodynamics 

[62]. 

Bosentan 

It is the endothelin receptor antagonist. Used in the 

dose of 125mg BD[59]. It blocks the action of 

endothelin, thus causes the vessels to relax and 

reduces pulmonary BP to heart and improve its 

function[63]. 

Nitric oxide   
Oxygen and NO pulsed inhalation of 50ml oxygen 

and 20 parts per million NO[59]. It can modulate 

vascular injury and interrupt elevation of PVR 

selectively; however, it can produce cytotoxic oxygen 

radicals and can exert cytotoxic and antiplatelet 

effects[64]. 

Azithromycin  
Azithromycin (0.25mg/day) + Simvastatin 

(20mg/day)[59]. The combination can relieve 

ventilation disturbance, improve lung function and 

decrease pulmonary arterial pressure[65]. 

 

FOR COR PULMONALE  

Long- term oxygen therapy (LTOT) 

For atleast 15 hours a day.This have been shown to 

improve the QOL and survival in patients with severe 

chronic hypoxia, by reducing pulmonary arteriolar 

constriction and improving/slowing the progression 

of Cor Pulmonale[59]. They are usually 

recommended where PaO2 is less than 55mm Hg or 
SaO2 is less than 88%[66]. 

Diuretics  

Oedema associated with Cor Pulmonale can be 

controlled with diuretic therapy. Furosemide and 

Bumetadine are frequently used and in the 

management of associated peipheraloedema[66]. 

Care must be taken to avoid over diuresis which can 
impair the function of both ventricles[67].  

CONCLUSION: 

Cor pulmonale is due to pulmonary hypertension. 

The pathophysiology of pulmonary hypertension in 

COPD is more complex. A diagnosis of cor 

pulmonale in COPD should prompt a search for 
causes of pulmonary hypertension. The pulmonary 

hypertension in COPD adversely affects survival and 

exercise capacity and is associated with an increased 

risk of severe acute exacerbations. Many agents have 

been used in an attempt to reverse the elevated PAP 

and PVR in cor pulmonale. Other than O2 which 

improves exercise performance, and survival rate in 

hypoxic patients with cor pulmonale, most agents 

produced only a modest and transient decrease in 

PAR. 
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