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INTRODUCTION 

Chronic  Obstructive  Pulmonary  Disease  (COPD)  is  

characterized by chronic airflow limitation and various  pathological 

changes in the lungs. In addition, COPD presents with significant extra-

pulmonary effects and is associated with important co morbidities that 

may contribute to the disease severity. 

  Chronic airflow limitation is associated with an abnormal 

inflammatory response of the lungs to noxious particles or gases, 

particularly cigarette smoke. The main causes of morbidity and mortality 

among COPD patients are cardiovascular disease. Cardiovascular 

disease(CVD) is the leading cause of death worldwide , and smoking is 

the main modifiable risk factor related to CVD .  

Among COPD patients, CVD is responsible for approximately 

50% of all hospitalizations and 20% of all deaths. However studies have 

suggested that regardless of smoking status, age or sex, a COPD 

diagnosis increases the risk of cardiovascular morbidity and mortality by 

approximately two fold . Left Ventricular Diastolic Dysfunction(LVDD)  

is found to be a complication of COPD due to chronic hypoxia and as a 

consequence of inflammatory changes.   Eventhough Right Ventricular 

dysfunction is well studied in COPD patients, the presence of Left 

ventricular diastolic dysfunction(LVDD) in COPD patients is associated 

with increase in disease severity and frequent hospital admission . 
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Anthonisen et al. and Sin et al. have already assessed the 

association among COPD, CVD and increased serum concentrations of 

inflammatory markers like C- Reactive Protein (CRP) .  

Inflammation is considered to be one of the systemic 

manifestations of COPD and provides an alternative hypothesis to explain 

the relationship between airflow limitation and cardiovascular risk . The 

current study is undertaken to analyse the prevalence of LV diastolic 

dysfunction in COPD and its relation to disease severity. Also to check 

whether the elevated CRP correlates with the prevalence of LVDD and 

severity of COPD. 
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AIMS & OBJECTIVES 

 

 To assess the prevalence of Left ventricular diastolic dysfunction 

(LVDD) in COPD patients. 

 

 To assess the relationship between COPD severity according to 

GOLD criteria and grading of LVDD and its correlation with 

inflammatory marker  C-REACTIVE PROTEIN. 
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                   REVIEW OF LITERATURE 

 Chronic Obstructive Pulmonary Disease is characterised by 

progressive development of chronic air flow limitation which is not fully 

reversible as defined by GOLD (Global Initiative Of Obstructive Lung 

Disease). COPD is a preventable & treatable disease as well . COPD 

includes two broad categories which are Chronic Bronchitis and 

Emphysema. By definition, Chronic Bronchitis is characterized by 

chronic cough with expectoration for more than three months in two 

consecutive years . Emphysema is described as abnormal persistent 

distension of the air spaces distal to the terminal bronchioles associated 

with destruction of their walls without any obvious fibrosis. 

Epidemiology 

In India, COPD being the second most common lung disorder 

successive to the Pulmonary Tuberculosis. Its incidence is encountered 

mainly in the fourth decade. It has an equal incidence among people 

living in rural and urban areas. COPD manifestation is usually rare below 

the age of 35 years of age. 
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Risk factors 

1) Tobacco smoking 

2) Air pollution Indoor & Outdoor Pollutants Familial and Genetic 

factors 

3) Recurrent Respiratory Tract Infections in childhood 

4) Occupational hazards due to inhalation of noxious particlulates - 

organic or inorganic dust fumes. 

Tobacco smoking 

tH 

It is the most predominant risk factor associated with progression of 

COPD. 

It mainly contains vapourised chemicals, serious noxious particulates, 

carcinogens which are suspended in the gaseous medium. Tobacco 

smoked is directly proportional to the detrimental effects observed in 

COPD patients. Pack years, smoking index are the most vital parameters 

which are used for categorizing the smoking exposure and possibility of 

the disease outcome. 

Sustained and chronic cigarette smokers are more susceptible to 

impaired ciliary motility, goblet cell hyperplasia with its tenacious 

secretions due to hypertrophy of the respiratory secretory epithelium. 

Reid index is often used as a pathological index used to assess the 

severity of the Chronic Bronchitis. It is the ratio between the thickness of 
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mucus gland to the complete wall thickness which is between the 

cartilage and the epithelium. (Normal = 0.44). Passive smoking and 

inhalation of environmental noxious particulates resulted in the 

deterioration of pulmonary function. But their role in the manifestation of 

COPD still being uncertain. 

Pack years: 

Number of packets of  Cigarettes smoked  per day  x  Numbers of years 

of smoking 

Smoking index:   

Number of cigarettes Smoked per day x 

Number of years of  Smoking 

 

Air pollution 

Due to urbanisation, industrialized urban areas are loaded with 

COPD patients. The heavy air pollutants includes mainly sulphur dioxide 

and wooden logs used for cooking, indoor pollution made by burning of 

cow dung cakes all contributing significantly to atmospheric pollution . 

Occupational hazards 

COPD is more prevalent among people who were working in 

places where organic or inorganic or noxious pollutants are enriched in 

the atmosphere. 
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Recurrent respiratory infection in childhood 

Precipitating infections are the main culprit factors for acute 

exacerbation in chronic background of obstructive pulmonary airway 

disease. It is the factor which resulted in a significant increase in the 

morbidity and mortality. Release of proteolytic enzymes such as 

Metalloproteinases, Serinase, Lysosomal enzymes from the first line 

defence mechanism cells - Neutrophils contributes to the extensive lung 

pathology. Recurrent Viral respiratory tract infectionsduring the infancy 

period is pivotal in causing airway obstruction in the later life 

Genetic mechanism 

Randomised control Studies have suggested monozygotic twins are 

prone to develop emphysema & chronic bronchitis due to genetic 

predisposition. 

Alpha 1 Antitrypsin is a serine protease inhibitor & an acute phase 

reactant. Alpha 1 Antitrypsin deficiency in COPD patients is one to two 

percent . The deficiency level rises to 50 percent in severe monozygotic 

diseased people which usually affects younger age group. Alpha 1 

antitrypsin inhibits elastase, collagenase and other proteolytic enzymes & 

offers protection to lung in clearing the secretions. Alpha 1 antitrypsin 

deficiency is the strongest genetic factor in development of chronic 

obstructive pulmonary disease especially Emphysema. Emphysema 

predominantly involve lower lobes, which is usually panlobular or 
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panacinar but in smokers it affects the upper lobe and it is of centri 

lobular or centri acinar type. Protease inhibitors variants that encode 

alpha 1 antitrypsin have been recognized. Two alleles such as S & Z 

alleles are associated with reduced and markedly reduced alpha 1 

antitrypsin levels respectively. 

Treatment with Alpha 1 Antitrypsin enzyme augmentation therapy 

is available in recent times with linkage analysis of earlier onset disease 

among family members have evidenced various spirometric variations 

linked to appropriate regions of the chromosomes. Determinants of 

specific genetic coding regions yet to be identified 

 

Acute exacerbation precipitating factors 

Infections - Streptococcus pneumonia , Haemophilus influenza, 

Moraxella catarrahalis ,  Chlamydia pneumonia  

Exposure to noxious stimulants 

Pneumothorax 

Pulmonary thromboembolism,  

Myocardial infarction 

Pathology of COPD 

In the entity of Chronic Bronchitis, there is hypertrophy of goblet 

cells which secrete mucus in the respiratory epithelium. In COPD 

airways , Inflammatory cells mainly Neutrophils accumulate in the sub 
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mucosal and the mucosal regions of the epithelium. Fibrosis involving 

the peribronchus & accumulation of mucus plug in the intralumen of the 

bronchus also contributes to the COPD pathology . 

 

Emphysema is categeorized according to the involvement of 

airway distal to the terminal bronchiole. Panacinar signifies the 

involvement of whole acinus involving central and peripheral portions. In 

centriacinar involves the respiratory bronchioles without involving the 

periphery. An entity known as paraseptal involving the airspaces at the 

lobule periphery nearer to the pleura. Irregular pattern almost associated 

with scarring occurs in post pulmonary tuberculosis. 

 

Pathophysiology of COPD 

Two determinants of COPD as Chronic Bronchitis and 

Emphysema often frequently coexist each other & there may be 

domination of one entity over the other. Narrowing of the airway is a 

common pathology in both categories. Besides basic pathophysiology of 

the airways, there is loss of elastic recoiling capacity of lung parenchyma 

in Emphysema leads to poor radial support to airways. Increased work of 

breathing experienced by COPD patients is due to alteration in the 

pressure and airflow pattern. Spirometry helps to determine the major 

pulmonary functional parameters such as FVC and FEV1. In COPD 

patients, alteration in the FEV1/FVC ratio and reduction in the FEV1 
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contributes towards the major morbidity. Responsiveness to the inhaled 

bronchodilators is maximum in COPD as compared to Bronchial asthma. 

Imbalance between the elastic recoil of the alveolar sac and resistance 

offered by the airway towards the airflow determines the reduction in 

FEV1 and FEV1/FVC. Residual volume and increase in the ratio of 

residual volume to total lung capacity, is mainly due to trapping of air. 

Total lung capacity is increased resulting in hyperinflation of lung which 

is one of the late manifestations of COPD. Hyperinflation preserves 

airflow during peak expiration. It is due to increase in the lung volume 

which increases the elastic recoiling pressures & leading to enlargement 

of airway thereby decreasing the resistance of the airways. Hyperinflation 

is the compensatory mechanism to relieve the airway obstruction. 

However flattened position of the diaphragm resulted in the various 

adverse effects. The opposition zone between the abdominal wall and 

diaphragm is decreased, effective abdominal pressure during inspiration 

to the chest wall is not applied. Abnormal movement due to hindering rib 

cage impairs the inspiration. Muscle fibers of the flattened diaphragm are 

abnormally shorter than the normal diaphragm, resulting in the less 

capability of inspiratory pressures. 
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According to Laplace law 

P=2T/R 

P = Trans pulmonary pressure producing the tidal breathing. 

T = Tension gradient of the flattened diaphragm 

R = Radius of the curvature 

 

The flattened diaphragm has to generate tension to overcome the 

transpulmonary pressure to generate normal tidal volumes. In COPD, 

partial pressure of O2 is not altered until FEV1 falls to 50%. Cardiac 

complications like Pulmonary hypertension, Right heart failure, Cor 

Pulmonale occurs when FEV1 is less than 25% of predicted value with 

reduction in the partial pressure of oxygen to less than 55 mm of hg. 

Mismatch between perfusion-ventilation & disproportionate ventilation 

are the penultimate features of COPD. It reflects the diverse pathological 

abnormality within the parenchyma & the smaller bronchi. 

 

Pathogenesis 

Airflow limitation is due to obstruction in the smaller airways and 

Emphysema is the major pathological sequeale in COPD. Smaller 

airways surrounded by fibrosis contributes significantly to morbidity and 

mortality. Collagenase activity increases during the pathogenesis in 

COPD. It is the major culprit resulting in accumulation of collagen 

surrounding the airway. Potential mechanism through which fibrosis is 
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induced by activation of fibrogenic cytokines by growth factors such as 

TGf –Beta.    

Emphysema pathogenesis is mainly due to recruitement of 

inflammatory cells in the distal air spaces due to chronic exposure to 

cigarette smoke. These cells damage the matrix of the lung parenchyma 

by releasing more potent proteinases like Elastases. The interaction 

between cell and the matrix is lost, resulting in the apoptosis of the 

structural cells in the lung. Extracellular matrix forms a integrity between 

smaller airways & lung parenchyma. It is offered mainly by elastin a 

predominant component of elastic fibers. The imbalance between 

degrading enzymes and inhibitors involved in Elastin biology determines 

the abnormal permanent distension of air spaces. Alpha 1 antitrypsin 

deficiency patients are more prone for Emphysema due to lack of 

neutrophil elastase inhibitor.  

Inactivation of histone deacetylase2 resulted in the acetylation and 

more heterochromatin which exposes the transcription sites involving 

many pro inflammatory cytokines resulting in recruitment of Neutrophils. 

Cigarette smoke recruits the suppressor Tcells leading to production of 

macrophage elastase. Cleavage component of elastin acts as a signaling 

chemokine which traverse the destructive hypothesis. Ciliary dysfunction 

caused by cigarette smoke traverse the fertile background for bacterial 

infection along with increase in Neutrophill count. In final stage, there is 
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an copious inflammatory response suggesting that mechanisms of 

smoking induced disease differs from inflammation resulting after 

cessation of smoking.. Finally the collagen content profusely increased in 

the smaller airways. By degrading the matrix of lung parenchyma with 

defect in the cell anchoring leads to apoptosis. Reparative capacity of the 

damaged alveoli remains questionable. 

 

Potential stimulus for constriction of pulmonary vasculature is 

hypoxia. Cross sectional area of pulmonary vasculature is reduced in 

COPD patients due to alteration in the vascular smooth musculature of 

artery & arteriole of pulmonary vessels. Acidosis and the polycythaemia 

due to chronic hypoxia culminates in right heart failure. 

 

Clinical features 

Chronic bronchitis 

Cough along with sputum production forms the mainstay of 

Chronic bronchitis. History of chronic smoking is always present. 

Predominant cough during winter months is the earlier manifestation. 

Increase in the frequency of bronchial infection favours chronic 

bronchitis. Insufficient respiration occurs during acute exacerbation. 

Prominent bronchovascular markings are pathognomic feature in chronic 

bronchitis variant of COPD. 
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Over weight and cyanosis picture favous the terminology ‘Blue 

Bloaters’ Crepitation and polyphonic wheeze with resonant lung is 

always associated. Incidence blood gas derangements such as hypoxia 

resulting in polycythaemia is common. Pulmonary vascular pathology 

and right sided heart failure are more prevalent in chronic bronchitis. 

 

Emphysema 

History of dyspnoea with minimal cough and scanty production of 

sputum is the main clinical feature of Emphysema. The Asthenic body 

build with evidence of loss of weight noted in the physical examination. 

The predominant usage of accessory muscles involved in respiration 

resulted in sternal lift in anterosuperior direction in each phase of 

inspiration. Tachypnea with prolonged expiratory phase through pursed 

lip is characteristic of emphysema. Leaning forward with extension of his 

arms to brace himself in sitting posture is known as tripod position.  

The intercostals spaces retract each other during each inspiration in 

the lower region of hemithorax which can be felt by palpation is called as 

Hoover’s sign. Apical impulse is visualized in the region between xiphoid 

and subxiphoid areas. Hyperresonant percussion note with absent or 

reduced cardiac dullness is a classical feature seen in COPD. The upper 

margin of liver is usually shifted to a lower level than the normal. Added 

sounds and abnormal air entry makes the clue to differentiate from 
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normal variant compensatory emphysema. Since partial pressure of 

oxygen is maintained in emphysema, they are called as pink puffers. 

Gallop rhythm during pre systole of the cardiac cycle is accentuated in 

the inspiratory phase of the respiration. Since inflammatory cytokines 

such as tumor necrosis factor alpha is elevated resulting in malnutrition 

which is manifested as muscle wasting and it is an independent poor 

prognostic variable in COPD.  

Incidence of right sided heart failure and pulmonary hypertension 

is rare among emphysematous patients due to maintenance in the partial 

pressure of oxygen in normal range. Diffusing capacity with carbon 

monoxide used to differentiate chronic bronchitis and emphysema 

decreased in emphysema and normal or slight variation in chronic 

bronchitis. Advanced disease is manifested in form of universal wasting 

more predominantly in bitemporal areas. Digital clubbing is usually not a 

significant finding in COPD. Its presence should warrant an alternate 

pathology in lung parenchyma. 
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COPD assessment 

It requires a confined stratification taking into account of all the 

factors. Four groups have been stratified by GOLD guidelines 

 

1) Group A - low risk, less symptoms 

2) Group B - low risk, more symptoms 

3) Group C - high risk, less symptoms 

4) Group D - high risk, more symptoms 

 

Stage 3 or 4 with airflow limitation assessed by Spirometry is given a 

label of high risk. Acute exacerbations more than 2 in no in the previous 

year are hospitalisation requiring exacerbations are also taken into 

account. Symptoms are mainly assessed by 

 

1) COPD assessment test 

2) COPD control questionnaire 

3) Chronic Respiratory Questionnaire. 

4) St George Respiratory Questionnaire. 
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Parameters which predicts the prognosis involves BODE Index 

B Body Mass Index 

O Obstruction( Assessed by Spirometry) 

D Dyspnoea 

E Exercise tolerance 

 

GOLD CLASSIFICATION OF COPD BY SPIROMETRY 

( Based on post bronchodilator FEV1) 

In patients with FEV!/FVC <0.70 

 

 

GOLD CLASS 

 

SEVERITY 

 

 

FEV! Predicted 

 

1 

 

MILD 

 

>80% 

 

2 

 

MODERATE 

 

50% < FEV1<80% 

 

3 

 

SEVERE 

 

30%< FEV1 < 50% 

 

 

4 

 

VERY SEVERE 

 

FEV1<30% 
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Spirometry 

Staging of COPD have been classified in similar manner from mild 

to very severe COPD. FEV1/FVC ratio of < 0.7 is also applicable. FEV1 

is the main predictor in COPD staging. 

 

Comorbidities 

1) Cardio vascular disorders 

2) Skeletal muscle dysfunction 

3) Nutritional deficiencies 

4) Endocrine Disorders - Hypothyroidism 

4) Depression 

5) Metabolic Syndrome 

6) Osteoporosis 

7) Cachexia 

8) Lung malignancies 

9) Hypercarbia related complications 
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Investigations used in diagnosing COPD 

Spirometry Pulmonary Function Test 

Spirometry is the most commonly used lung function screening 

study. It generally should be the clinician's first option, with other studies 

being reserved for specific indications. Most patients can easily perform 

spirometry when coached by an appropriately trained technician or other 

health care provider. The test can be administered in the ambulatory 

setting, physician's office, emergency department inpatient setting. 

Spirometry requires a voluntary maneuver in which  a seated patient 

inhales maximally from tidal respiration to total lung capacity and then 

rapidly exhales to the fullest extent until no further volume is exhaled at 

residual. 

 The manoeuvre may be performed in a forceful manner to 

generate a forced vital capacity (FVC) or in a more relaxed manner to 

generate a slow vital capacity (SVC). In normal persons, the inspiratory 

vital capacity, the expiratory SVC and expiratory FVC are essentially 

equal. However, in patients with obstructive small airways disease, the 

expiratory SVC is generally higher than the FVC. 

 

This difference might, however, be due partly to the difficulty in 

maintaining a maximum expiratory effort for an extended time period 

without experiencing dizziness or light headedness. 
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The Spirometer can measure only the lung volumes that the subject 

can exchange with it. As is the case with many pulmonary function tests, 

the subject must be conscious and cooperative and understand the 

instructions for performing the test. The VT, IRV, ERV, IC, and VC can 

all be measured with a Spirometer (as can the Forced Expiratory Volume 

in 1 second [FEV1], Forced Vital Capacity [FVC] and Forced Expiratory 

Flow [FEF25 75%]). The RV, FRC, and the TLC cannot be determined 

with a spirometer because the subject cannot exhale the lungs completely. 

The gas in a spirometer is at ambient temperature, pressure and water 

vapour saturation and the volumes of gas collected in a spirometer must 

be converted to equivalent volumes in the body. Other kinds of 

spirometers include rolling seal and bellows spirometers. These 

spirometers are not water-filled and are more portable.  

Spirogram is a graphic representation of bulk air movement 

depicted as a volume-time tracing or as a flow-volume tracing. Values 

generated from a simple spirogram provide important graphic and 

numeric data regarding the mechanical properties of the lungs including 

airflow (Forced Expiratory Volume in 1 second [FEV1] along with other 

timed volumes) and exhaled lung volume (FVC or SVC). The 

measurement is typically expressed in liters for volumes or in liters per 

second for flows and is corrected for body temperature and pressure of 

gas that is saturated with water vapour. Data from a spirogram provide 
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important clues to help distinguish obstructive pulmonary disorders that 

typically reduce airflow such as asthma and emphysema, from 

restrictivedisorders that typically reduce total lung volumes including 

pulmonary fibrosis. 
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Forced Expiratory Volume in 1 Second 

EV1 is the most widely used parameter to measure the 

mechanical properties of the lungs. In normal persons, the FEV1 accounts 

for the greatest part of the exhaled volume from a spirometric maneuver 

and reflects mechanical properties of the large and the medium-sized 

airways. In a normal flow-volume loop, the FEV1 occurs at about 75% to 

85% of the FVC. This parameter is reduced in obstructive and restrictive 

disorders. In obstructivediseases, FEV1 is reduced disproportionately to 

the FVC, reducing the FEV1/FVC ratio below the lower limit of normal 

and indicates airflow limitation. In restrictive disorders, the FEV1, FVC, 

and total lung capacity are reduced, and the FEVI/FVC ratio is normal or 

even elevated. 

Forced Vital Capacity 

FVC is a measure of lung volume and is usually reduced in 

diseases that cause the lungs to be smaller. Such processes are generally 

termed restrictive and can include disorders of the lung parenchyma such 

as pulmonary fibrosis or of the bellows, including kyphoscoliosis, 

neuromuscular disease, and pleural effusion. However, a reduction in 

FVC is not always due to reduced total volumes and can occur in the 

setting of large lungs hyperinflated due to severe airflow obstruction and 

air trapping, as in emphysema. In this setting, the FVC is decreased due 

to reduced airflow, air trapping, and increased residual volume, a 
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phenomenon referred to as pseudo restriction. Reduced FVC can occur 

despite a normal or increased total lung volume. Therefore, FVC is not a 

reliable indicator of total lung capacity or restriction, especially in the 

setting of airflow limitation. The overall accuracy of the FVC for 

restriction is about 60% 
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FEV1  :   Forced Expiratory Volume in 1 second 

LLN  :  Lower limit of normal 

TLC  :  Total lung capacity 

VC   :  Vital Capacity 

 

Adapted from American Thoracic Society: Lung function testing: 

Selection of reference values and interpretative strategies.Measurement of 

Lung Volumes not measurable with Spirometry. The Residual Volume 

(RV), Total Lung Capacity (TLC) and related volumes cannot be 

measured directly so special techniques are required to record these 

volumes. There are several accepted methods for determining these 

volumes, which are frequently referred to as 'static lung volumes'. These 

methods include helium dilution, nitrogen washout and body 

plethysmography. The FRC is usually determined and RV (which is equal 

to FRC minus ERV) and the TLC (which is equal to VC plus RV) are 

then calculated from volumes obtained by spirometry. 

 

Nitrogen-Washout Technique 

In the nitrogen-washout technique, the person breathes 100% 

oxygen through a one-way valve so that all the expired gas is collected. 

The concentration of nitrogen in the expired air is monitored with a 

nitrogen analyzer until it reaches zero. At this point all the nitrogen is 
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washed out of the person's lungs. The total volume of all the gas the 

person expired is determined, and this amount is multiplied by the 

percentage of nitrogen in the mixed expired air, which can be determined 

with the nitrogen analyzer. The total volume of nitrogen in the person's 

lungs at the beginning of the test can thus be determined. Nitrogen 

constitutes about 80% of the person's initial lung volume, and so 

multiplying the initial nitrogen volume by 1.25 gives the person's initial  

lung volume. If the test is begun at the” end  of a normal expiration, “the 

volume determined is the FRC. 

Total Volume expired X %N2 = original volume of N2 in the lungs 

original volume of N2 in the lungs X 1.25 = original Lung Volume 

2) Imaging 

1) Xray 

Bronchial wall thickening manifested by tramline Shadows with 

dominant broncho vascular markings suggest chronic bronchitis. 

Hyperlucent lung fields with no peripheral vascular markings, 

emphysematous bullae, low level diaphragm, tubular heart suggest 

Emphysema. 

2) HRCT - Dilated main pulmonary artery and its branches is more 

prominent when COPD progresses towards cor pulmonale 

3) DLCO - diffusion lung capcity carbon monoxide 

4) 12 leads electrocardiogram 
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ECG CHANGES IN COPD 

Chronic obstructive pulmonary disease  can induce electrocardiographic 

changes by producing RVH, changing the position of the heart within the 

chest, and hyperinflating the lungs . QRS changes caused by the  

nsulating and positional changesproduced by hyperinflation of the lungs 

include reduced amplitude of the QRS complex, right axis deviation in 

the frontal plane, and delayed transition in the precordial leads, probably 

reflecting a vertical and caudal shift in heart position caused by 

hyperinflation and a flattened diaphragm.  

Evidence of true RVH includes the following:  

(1) right axis deviation more positive than 110 degrees. 

(2) deep S waves in the lateral precordial leads and  

(3) an S1Q3T3 pattern, with an S wave in lead I  

(as an RS or rS complex), an abnormal Q wave in lead 

III, and an inverted T wave in the inferior leads.  

The electrocardiographic evidence of RVH has limited value in 

assessing the severity of pulmonary hypertension or lung disease. QRS 

changes do not generally appear until ventilatory function is significantly 

depressed, with the earliest change commonly being a rightward shift in 

the mean QRS axis, and the correlation with ventilator function or 

hemodynamics is poor. The presence of right atrial abnormality, an 

S1S2S3 pattern, or both is associated with reduced survival.  
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5) 2D Echocardiography 

6) Sputum examination 

7) Alpha1 antitrypsin level 

 

Complications of COPD 

1) Pneumothorax 

2) Pulmonary artery hypertension 

3) Polycythemia 

4) Cor Pulmonale 

5) Acute and chronic on chronic respiratory failure 

6) Right sided heart failure 

7) Recurrent episodes of acute exacerbations 

Potential markers used in prognosis of COPD 

1) Alpha 1 antitrypsin deficiency 

2) CFTR gene mutation 

3) MBI2 genes 

4) Fibrinogen, C reactive protein and other acute phase reactants during 

exacerbation. 

Potential measures to reduce the mortality 

Mortality in COPD can be reduced by following 

measures by 1. Cessation of smoking 

2. Long term domiciliary oxygen therapy 
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Smoking cessation 

Pharmacological measures 

Nicotine Replacement Therapy 

Transdermal patch, chewing gums, lozenges, inhalers, nasal spray 

Non Nicotine pharmacotherapy: 

Bupropion 150 mg per day * 3 days followed by bd * 7days / 12 weeks. 

Drug Should be started 1 week before quit date. Adverse effects are 

dizziness, headache ,insomnia ,nausea, xerostomia, hypertension, 

seizures. Avoid monoamine oxidase inhibitors to prevent serotonin 

syndrome. 

Varenicline 0.5 mg per day * 3 days followed by BD * 4 days ,then 1 mg 

BD * 12-24 weeks.start 1 week before quit date. 

Domiciliary oxygen therapy 

There are three forms of domiciliary supplementary oxygen therapy, 

1. Long term control oxygen therapy for atleast 15 hours daily in 

patients with Chronic respiratory failure. 

2. In exercise related hypoxemia portable oxygen therapy is 

supplemented. 

3. Short term and short burst oxygen therapy as a palliative treatment for 

temporary relief . 
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Criteria for long term oxygen therapy 

Absolute indications   

COPD , Hypoxemia , Edema , FEV1 < 1.5 l , FVC <2l Pao2 < 55 

mm hg , PaCo2 > 45 mm hg , P pulmonale > 3 mm in Lead II, III, Avf, 

Pulmonary Hypertension, Cor Pulmonale, Right ventricular hypertrophy, 

Polycythemia with Erythrocytosis with hematocrit > 56% , desaturation  

< 96% on exercise , refractory dyspnea associated with cardiac failure. 

Relative indications as mentioned above but without Edema or                            

Po 2 > 45mm hg.     

Palliative 

FEV1 is the strongest predictor of survival in long term oxygen 

therapy. It has been shown to affect the polycythemia which occurs 

during chronic hypoxemia. It reduces both hematocrit and red cell mass. 

However with persistent smoking exposure which results in chronic 

elevation of carboxy hemoglobin decreases the effectiveness of long term 

oxygen therapy in correcting polycythemia. It showed a marked decrease 

in pulmonary artery Pressure with breathing controlled oxygen therapy. 

 It provides an evidence of improvement in cognitive function with 

little change in mood or quality of life. It showed a sustained 

improvement in exercise endurance in patients with COPD breathing 

supplemental oxygen. It is also associated with improvement in the sub 

maximal work rate,with improvement in walking distance and ability to 
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perform daily activities. with 6 months of long term oxygen therapy, 

there is a remarkable reduction in the mortality associated with COPD. 

Long term management in COPD 

Bronchodilator therapy is the treatment to reduce the symptoms 

and improves the exercise capacity in COPD. The principle symptomatic 

bronchodilators can be divided into three groups based on their 

pharmacological properties. 

1. Inhaled beta 2 agonists are preferred over oral preparations. It showed 

significant improvement in bronchodilation.in chronic bronchitis & the 

decline in FEV1 was more reduced in those patients who used continuous 

beta 2 agonists. However bronchodilator benefits are less compared to 

asthma due to structural damages in airways. 

2. Anticholinergics have time to peak effect of 30 to 60 minutes in most 

COPD patients , which is slower than beta 2 agonists but have a 

somewhat longer time of effectiveness of 6 to 10 hours compared with 

beta 2 agonists. There is a increasing evidence regarding the effects of 

Ipratropium Bromide on exercise in patients with COPD. It showed an 

increase in maximum exercise, ventilation and reduction in oxygen 

consumption at any given workload. 
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3. Theophyllines 

The bronchodilator property of theophyllines is relatively limited 

in patients with COPD. Non bronchodilator effects of theophyllines such 

as improving right ventricular performance and their anti inflammatory 

actions are of questionable clinical significance. It has a narrow 

therapeutic index with experienced side effects.theophylline metabolism 

is increased by cigarette smoking , anti convulsant drugs , rifampicin. 

Decreased by congestive cardiac failure , respiratory acidosis , liver 

cirrhosis , viral infection , old age, arterial hypoxemia , on drugs like 

erythromycin , ciprofloxacin , Cimetidine. 

4. Glucocorticoids 

Chronic inflammation in large and small airways is a characteristic 

feature of copd. the use of corticosteroids in copd remains contentious 

particularly the prediction of which patients will respond to this 

treatment. 

5. Pulmonary Rehabilitation 

The restoration of the individual to the medical, emotional , social 

and vocational potential of which he/she is capable. The main aim of 

rehabilitation is to prevent the deconditioning that occurs with lack of 

exercise and immobility due to dyspnea and allow the patient to cope 

with the disease. Exercise training programmes have taken two 

approaches.the first is to attempt to improve cardiorespiratory fitness by 
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aerobic exercises of 20 to 30 minutes duration atleast three times per 

week. It has been suggested that due to training effect ,it is usually 

restricted to those patients with mild to moderate exercise limitation. 

Second approach is to improve their Anaerobic fitness.  

In patients with very severe COPD, there are no established 

guidelines for pulmonary rehabilitation programmes, but carefully 

supervised exercise condition in the hospital setting , with oxygen 

supplementation should be considered in those who develop hypoxemia 

during exercise. respiratory muscle training and ventilatory assist devices 

have been used to reduce the ventilator limitation during exercise. The 

presence of resting hypercarbia is not a contraindication to pulmonary 

rehabilitation. Education of patients in understanding the various 

components of the disease is intuitively valid.mood disturbance 

particularly depression are very common in patients with advanced 

disease. 

Exercise training 

Expiratory flow rates during tidal breathing in patients with severe 

COPD are close to the maximum expiratory flow volume relationship. An 

increase in expiratory flow rate can occur during exercise in patients with 

COPD through dynamic hyper inflation.at the expense of increase in 

respiratory work , since tidal volume operates in a less compliant range of 

the pressure volume relationship and hence initiation of inspiration 
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requires additional inspiratory pressures to overcome elastic recoiling of 

the diseased airways Continuous positive airway pressure overcomes the 

increased recoil Pressure at the end of expiration , thus reducing breathing 

workload. 

Controlled breathing techniques 

It attempts to diminish the breathlessness by training the patients to 

breath efficiently. It mainly aims for 

1. Restoration of diaphragm to a more normal position and function. 

2. Decrease the respiratory rate by using a breathing pattern that 

diminishes air trapping, Improving the respiratory duty cycle. 

3. To diminish breathing workload. 

4. To reduce dyspnea and alleviate patient anxiety. 

 

The effects of different postures on respiratory muscle function have 

also been assessed. Diaphragmatic breathing exercises have been used to 

improve diaphragm function and are thought to be most helpful in 

patients with hyperventilation. 

Nutrition 

Weight loss ( Cachexia) is common in COPD patients particularly 

those with severe airway obstruction. Those patients with less than 90% 

of their ideal body weight are generally considered to be malnourished. 

Weight loss has been associated with a higher mortality in these patients, 
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it would therefore seem logical to give nutritional support to patients with 

COPD.  

The weight gain is lost soon after cessation of nutritional support 

and any improvement in Peripheral muscle performance and exercise 

capacity are also small and of short duration. However if sustained weight 

gain can be achieved this may improve survival.& the theoretical 

complication of carbohydrate based diet increasing carbondioxide 

production and hence hypercapnia in patients with COPD does not appear 

to be a problem. Obesity should be discouraged in patients with COPD in 

order to avoid additional strain on the cardiorespiratory system & 

appropriate dietary advice should be given. 

Vaccination 

Influenza & Pneumococcal vaccination are recommended for 

patients with COPD, although the specific evidence for this in COPD 

patients is lacking. 

Lung transplantation 

Indications 

Age<50 years for heart-lung transplantation or double lung 

transplantation Age<60 years for single lung transplantation 

Patients with an estimated life expectancy of less than 18 months. 
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Contraindications 

 Malnutrition is a relative contraindication. 

 Ideally the recipients should be within 15 kg of their ideal body weight. 

 Recurrent or persistent pulmonary infections - contraindication to Single 

lung transplantation. 

 

Other considerations: 

1 Previous thoracic surgery increases the risk of hemorrhage 

2 Corpulmonale is not a contraindication to single lung transplantation 

3. Psychological stability is necessary 

4. Absence of other major organ dysfunction should be confirmed. 

 

Lung volume reduction surgery 

The rationale for this technique is to reduce the volume of over 

inflated emphysematous lung by 20 to 30% with the aim of improving the 

elastic recoiling of the lungs, diaphragm dynamic ability, chest wall 

mechanics and gas exchange. The technique is usually performed via a 

median sternotomy, without the need for cardiopulmonary bypass. 

Careful selection is necessary on the basis of a distended thorax, 

predominantly upper lobe disease and severe functional disability despite 

a programme of pulmonary rehabilitation. The improvements that have 
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occuered upto 6 months after surgery are better than conventional 

medical treatment with bronchodilators and corticosteroids. 

  

Thoracoscopic laser pneumoplasty has been developed as an 

alternative to the more conventional excisional surgery. The Nd: Yag 

laser appears to be a safer technique than Co2 laser. It relies on the fact 

that at operation the lung that remains represents the most affected areas 

and would absorb most energy; thus scarring and contraction would be 

concentrated at these sites. COPD & its complication are related to the 

chronic history. Management of exacerbations requires ventilator support 

with controlled oxygen therapy with or without assisted ventilation. Non 

invasive ventilation is the preferred form. 
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                                      DIASTOLIC FUNCTION 

Ventricular filling is influenced by the extent and speed of 

myocardial relaxation, which in turn depends on the rate of uptake of 

Calcium by the Sarcoplasmic Reticulum(SR); the latter may be enhanced 

by adrenergic activation and reduced by ischemia, which reduces the 

ATP available for pumping Ca2+ into the SR .The stiffness of the 

ventricular wall also may impede filling. Ventricular stiffness increases 

with hypertrophy and conditions that infiltrate the ventricle, such as 

amyloid, or is caused by an extrinsic constraint (e.g., pericardial 

compression) 

 

Assessment of Diastolic Function 

Assessment of diastolic function should be an integral part of an 

evaluation of cardiac function because about 50% of patients with heart 

failure have preserved LVEF. Assessment of diastolic function requires 

an understanding of diastology and various means to evaluate diastolic 

function. Currently, echocardiography is the best noninvasive way to 

evaluate diastolic function and to estimate filling pressures. M-mode, 

two-dimensional, and Doppler (blood flow, tissue, and color) 

echocardiography are all helpful in evaluating diastolic function. 

Recently, the ASE and the European Association of Echocardiography 
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(EAE) published a guideline for assessment of diastolic function by 

echocardiography. 

 

 The following steps will ensure comprehensive assessment of diastolic 

function and the identification of heart failure related to diastolic 

dysfunction: 

1. Look for M-mode and two-dimensional echocardiographic evidence of 

diastolic dysfunction. Abnormal myocardial relaxation, an integral part of 

diastolic dysfunction, decreases the slope (in M-mode) and mitral annulus 

motion of early diastolic filling and increases LA size. LV wall 

thicknesses are usually but not necessarily increased. 

2. Mitral inflow velocities reflect the transmitral pressure gradient, which 

is usually characteristic of various stages of diastolic dysfunction. 

Assessment of ventricular compliance is possible from the configuration 

(velocities and flow duration) of mitral inflow velocities. Pulmonary vein 

flow velocities are also helpful. 

3. Myocardial relaxation by TDI can be evaluated. Mitral annulus 

velocity (e′) during early diastole correlates reasonably well with the 

status of myocardial relaxation (tau). 

4. Mitral inflow velocities (E and A), e′, mitral inflow propagation 

velocity, and their combination can estimate LV diastolic filling pressure 

at rest and with exercise. 
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5. These steps allow diagnosis of diastolic heart failure and separation of 

myocardial diastolic heart failure from pericardial diastolic heart failure.  

 

LV diastolic filling consists of a series of events that are affected 

by numerous factors, including myocardial relaxation, compliance, 

cardiac rhythm, and pericardial compliance. Normal diastolic function 

ensures adequate filling of the ventricles during rest and exercise without 

an abnormal increase in diastolic pressure or pulmonary venous 

congestion. The initial diastolic event is myocardial relaxation, an active 

energy-dependent process that causes LV pressure to decrease rapidly 

after the end of contraction. When LV pressure falls below LA pressure, 

the mitral valve opens, and rapid early diastolic filling begins.  

 

Under normal circumstances, a major determinant of the driving 

force of early diastolic filling is the elastic recoil caused by normal 

relaxation of the left ventricle. Normally, 75% to 80% of LV filling 

occurs during this phase. During early diastolic filling, LV pressure 

continues to decrease until completion of myocardial relaxation (normally 

about 100 milliseconds) before rising after reaching  minimal pressure; 

this loss of positive driving force results in the deceleration of mitral 

inflow. Later, atrial contraction produces a positive transmitral pressure 

gradient and inflow, accounting for 20% to 25% of LV filling in normal 

subjects.  
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The proportion  of LV filling during the early and late diastolic 

phases depends on  elastic recoil (suction), rate of myocardial relaxation, 

chamber compliance, LA pressure, and heart rate. The LV filling pattern 

is the result of the transmitral pressure gradient produced by these various 

factors. 
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The transmitral pressure gradient or the relationship between LA 

and LV pressures is accurately reflected by mitral inflow Doppler 

velocities. Diastolic filling is 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), E/A ratio, and 

deceleration time (DT), which is the time interval for the peak E velocity 

to reach zero baseline. 

 

With myocardial relaxation, the LV cavity elongates, expands 

laterally, and rotates. The longitudinal motion of the mitral annulus has 

been shown to correlate with the rate of myocardial relaxation. The 

velocity of the mitral annulus can be recorded by TDI, which has become 

an essential part of evaluation of diastolic function by echocardiography. 

Radial and circumferential function can also be assessed with speckle 

tracking strain imaging. 

 

Comprehensive assessment of diastolic filling and estimation of 

filling pressures by echocardiography require TDI, pulmonary vein 

Doppler, hepatic vein Doppler, and color M-mode of mitral inflow for 

propagation velocity-sometimes with an alteration in a loading condition. 

The Valsalva maneuver is used most frequently to decrease venous return 

by increasing intrathoracic pressure. 
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Grading of Diastolic Dysfunction (or Diastolic Filling Pattern) 

The grading of the diastolic filling pattern (or diastolicdysfunction) 

is based on several parameters . In most (if not all) cardiac diseases, the 

initial diastolic abnormality is impaired relaxation. 

With further progression of disease and a mild to moderate 

increase in LA pressure, the mitral inflow velocity pattern appears similar 

to a normal filling pattern (pseudonormalized). With further decrease in 

LV compliance and increase in LA pressure, diastolic filling becomes 

restrictive. Most patients with restrictive filling are symptomatic and have 

a poor prognosis unless the restrictive filling can be reversed by 

treatment. However, restrictive filling may be irreversible and represent 

the end stage of diastolic heart failure. Therefore, diastolic dysfunction 

can be graded according to the diastolic filling pattern. 

Grade 1 (mild dysfunction): impaired relaxation with normal filling 

pressure 

Grade 2 (moderate dysfunction): pseudonormalized mitral inflow pattern 

Grade 3 (severe reversible dysfunction): reversible restrictive (high filling 

pressure) 

Grade 4 (severe irreversible dysfunction): irreversible restrictive (high 

filling pressure) 
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A grade 1 diastolic filling pattern usually implies a normal filling 

pressure despite a background of impaired myocardial relaxation. 

However, in patients with a marked relaxation abnormality, as in HCM, 

the filling pressure can still be elevated with grade 1 mitral inflow 

velocity pattern (E/A ratio 1.0 and DT 240 milliseconds). Because the 

reversibility of restrictive filling usually cannot be assessed at one clinical 

setting, grade 4 dysfunction was not used in the ASE and EAE 

recommendation. 

Normal Diastolic Filling Pattern 

In normal young subjects, LV elastic recoil is vigorous because of 

normal myocardial relaxation; therefore, most filling is completed during 

early diastole. Thus, the E/A ratio is usually 1.5 or higher, DT is 160 to 

240 milliseconds(septal), e′ is 10 cm/sec or higher, E/e′ is less than 8, and 

Vp is 50 cm/sec or higher. 

 

The vigorous relaxation in normal subjects can also be seen as 

active motion of the mitral annulus away from the apex during early 

diastole in parasternal long-axis and apical four-chamber views. With 

normal myocardial relaxation, the longitudinal mitral annulus diastolic 

velocity pattern mirrors that of normal mitral inflow: early diastolic 

velocity (e′) is higher than late diastolic velocity (a′). Lateral annulus 

velocity is always higher (normal, 15 cm/sec) than septal e′. Thus, e′ 
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increases with exercise in healthy subjects so that E/e′is similar at rest and 

with exercise (usually 8).With aging , there is a gradual decrease in the 

rate of myocardial relaxation as well as in elastic recoil, resulting in 

slower decline of LV pressure, and filling becomes slower, producing a 

diastolic function pattern similar to grade 1 dysfunction. 

 

At roughly the age of 65 years, E velocity approaches A velocity, 

and in persons older than 70 years, the E/A ratio is usually less than 1.0. 

The reversal of e′/a′ occurs about 10 to 15 years earlier than that of E/A. 

 

Pulmonary venous flow velocities show similar changes with aging; 

diastolic forward flow velocity decreases as more filling of the left 

ventricle occurs at atrial contraction and systolic forward flow velocity 

becomes more prominent. Measurements of diastolic function in 1012 

subjects without a history of cardiovascular disease or abnormal two-

dimensional echocardiograms showed that all diastolic function 

parameters are associated with age. 

 

Grade 1 Diastolic Dysfunction or Mild Diastolic Dysfunction 

An early abnormality of diastolic filling is abnormal myocardial 

relaxation. Typical cardiac conditions that produce abnormal relaxation 

are LV hypertrophy, HCM, and myocardial ischemia or infarction as well 

as aging. During this stage of diastolic dysfunction, an adequate diastolic 
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filling period is critical to maintain normal filling without increasing 

filling pressure. As long as LA pressure remains normal, the pressure 

crossover between the left ventricle and left atrium occurs late, and the 

early transmitral pressure gradient is decreased. Consequently, the 

isovolumic relaxation time (IVRT) is prolonged. Mitral E velocity is 

decreased and A velocity is increased, producing an E/A ratio of less than 

1, with prolonged DT.  

 

Pulmonary vein diastolic forward flow velocity parallels mitral E 

velocity and is also decreased with compensatory increased flow in 

systole. The duration and velocity of pulmonary vein atrial flow reversal 

are usually normal, but they may be increased if atrial compliance 

decreases or LV end-diastolic pressure (LVEDP) is high. The e′ and 

mitral flow propagation velocity are reduced, usually less than 7 cm/sec 

(at the septal annulus) and less than 50 cm/sec, respectively. In most 

patients with the described mitral inflow velocity pattern, diastolic filling 

pressure is not increased and the E/e′ ratio is 8 or higher. In a subgroup of 

patients, E/e′ ratio is higher than 15, with an E/A ratio less than 1. This 

pattern has been designated grade 1a diastolic dysfunction to emphasize 

that filling pressure is increased while there is a typical grade 1 mitral 

inflow velocity pattern. 
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Grade 2 Diastolic Dysfunction or Moderate Diastolic Dysfunction 

This stage is also referred to as the pseudonormalized mitral flow 

fillingpattern, and it represents a moderate stage of diastolic dysfunction. 

As diastolic function worsens, the mitral inflow pattern goes through a 

phase resembling a normal diastolic filling pattern, that is, an E/A ratio of 

1 to 1.5 and normal DT (160 to 240 milliseconds). This is the result of a 

moderately increased LA pressure superimposed on delayed myocardial 

relaxation. There are several means to differentiate the pseudonormal 

pattern from a true normal pattern in patients with grade 2 dysfunction: 

1. The e′ is usually less than 7 because myocardial relaxation is impaired. 

2. Frequently, there is mid-diastolic flow because of marked impairment 

of myocardial relaxation  

3. A decrease in preload, by having the patient sit or perform the Valsalva 

maneuver, may be able to unmask the underlying impaired relaxation of 

the left ventricle, decreasing the E/A ratio by more than 0.5. If the A 

velocity increases with the Valsalva maneuver, it is a positive sign. 

4. Normal-appearing mitral inflow may occur in the setting of systolic 

dysfunction or increased wall thickness because impaired relaxationis 

expected as the baseline diastolic function without increased filling 

pressure in those situations, and a normal E/A ratio suggests that 

increased LA pressure is masking the abnormal relaxation. 
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5. Mitral A duration is shortened in the absence of a short PR interval and 

prolonged pulmonary vein atrial flow reversal exceeding mitral A 

duration. 

6. Decreased rate of flow propagation (45 cm/sec) by color M-mode of 

mitral inflow occurs. This is less reliable in patients with normal LV 

cavity size. 

 

Grade 3-4 Diastolic Dysfunction or Severe Diastolic Dysfunction 

Severe diastolic dysfunction is also termed restrictive filling or restrictive 

physiology and can be present in any cardiac abnormality or in a 

combination of abnormalities that produce decreased LV compliance and 

markedly increased LA pressure. Examples include decompensated 

congestive systolic heart failure, advanced restrictive cardiomyopathy, 

severe coronary artery disease, acute severe aortic regurgitation (AR), 

and constrictive pericarditis.  

Early rapid diastolic filling into a less compliant left ventricle 

causes a rapid increase in early LV diastolic pressure, with rapid 

equalization of LV and LA pressures producing a shortened DT. Atrial 

contraction increases LA pressure, but A velocity and duration are 

shortened because LV pressure increases even more rapidly. When LV 

diastolic pressure is markedly increased, there may be diastolic MR 

during mid-diastole or with atrial relaxation. Therefore, restrictive filling 
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with severe diastolic dysfunction is characterized by increased E velocity, 

decreased A velocity (markedly less than E) with an E/A ratio higher than 

2, and shortened DT (160 milliseconds) and IVRT (70 milliseconds). 

Systolic forward flow velocity in the pulmonary vein is decreased 

because of increased LA pressure and decreased LA compliance. 

 

Because myocardial relaxation is impaired in patients with a 

restrictive filling pattern, mitral annulus velocity (Ea) is reduced (7 

cm/sec). The E/e′ ratio is usually higher than 15. Flow propagation 

velocity may not be reduced in restrictive filling when the LV cavity is 

small and systolic function is well preserved. The Valsalva maneuver 

may reverse the restrictive filling pattern to a grade 1 to 2 pattern, 

indicating the reversibility of high filling pressure (grade 3 diastolic 

filling). However, even if the restrictive filling pattern does not change 

with the Valsalva maneuver, reversibility cannot be excluded because the 

Valsalva maneuver may not be adequate or filling pressure is too high to 

be altered by the Valsalva maneuver. 

 

Clinical Applications of Diastolic Function Assessment 

Assessment of diastolic function echocardiographically has the 

following clinical applications and should be an integral part of an 

echocardiography examination. 



54 
 

1. Estimation of filling pressures at rest and with exercise. In patients 

with reduced LV systolic function (LVEF 35%), mitral inflow E/A ratio 

of 1.5 or higher and DT of 140 milliseconds or higher indicate increased 

filling pressures. However, these parameters do not have a good 

correlation with filling pressure in patients with normal LVEF and 

diastolic heart failure.  

For all degrees of LVEF, E/e′is the best parameter to estimate filling 

pressure; pulmonary capillary wedge pressure (PCWP) is 20 mm Hg or 

more if E/e′is 15 or higher, and PCWP is normal if E/e′ is less than 8. 

When E/e′ is 8 or higher but less than 15, pulmonary vein flow duration 

and the Valsalva maneuver can help estimate PCWP.  

In an important subset of patients with diastolic dysfunction, PCWP is 

normal at rest but increases only with exertion, causing exertional 

dyspnea. It is feasible and reliable to estimate PCWP with exercise by 

recording mitral inflow and annulus velocity. In a normal population with 

normal diastolic function, filling pressure rarely increases with exercise. 

Diastolic dysfunction (or impaired myocardial relaxation) is usually a 

prerequisite for development of exercise-induced high filling pressure.  

 These patients increase cardiac output at the expense of increased 

filling pressure. In this situation, mitral E velocity increases while 

annulus Ea velocity does not increase as much or at all, resulting in an 

increase in E/e′ratio. E/e′correlates well with simultaneously measured 
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PCWP with exercise as well as during resting stage, and a ratio higher 

than 15 indicates PCWP greater than 20 mm Hg with exercise. 

  

2. Diagnosis of diastolic heart failure, cardiomyopathies, and constrictive 

pericarditis. Knowledge of the diastolic filling pattern and filling 

pressures allows the detection of cardiac diseases that are frequently 

missed or not suspected clinically, especially when the LVEF is normal. 

Patients with diastolic heart failure and normal LVEF have a large LA 

volume and evidence of impaired relaxation as well as increased filling 

pressure. There are several reports that TDI of myocardial relaxation can 

diagnose various forms of cardiomyopathy (HCM, Fabry disease, and 

amyloidosis) even before frank phenotypic manifestation. The detection 

of constrictive pericarditis has been made much easier with the use of 

echocardiographic diastolic parameters and TDI. 

3. Prognosis. Diastolic echocardiographic parameters, E, E/A, DT, E/e′, 

and LA volume, have been found to be powerful prognostic indicators for 

various conditions. Even in asymptomatic patients, the presence of 

diastolic dysfunction portends a poor clinical outcome 
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MECHANISM OF LVDD IN COPD 

 Chronic hypoxemia leading to intracellular calcium transport 

disturbances which result in abnormalities of myocardial relaxation 

usually occurs  in severe cases of COPD, grade III and IV. 

  Presence of pulmonary hypertension with chronic right ventricular 

hypertrophy develop in COPD patients followed by right ventricle 

dilatation, During early diastole, the ventricular septum displaces  

toward the left ventricular cavity and the left ventricle becomes  

distorted from its circular configuration.  

 Presence of emphysema and hyperinflation leads to impaired left 

ventricle filling, which may impair cardiac function by decreasing 

biventricular preload and increasing left ventricular afterload. 

 

Inflammation which is considered to be one of the systemic 

manifestations of COPD, In a systemic proinflammatory state lead to 

atherosclerosis via increased oxidative stress in the vascular endothelium. 

Patients with COPD can have sustained (patients with chronic                

respiratory failure), or intermittent hypoxia (during exercise, 

exacerbations)         
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Hypoxia can cause abnormalities in ventricular relaxation and contraction 

due to changes in the  myocyte cell metabolism. 

                                 

                                         

Finally, hypoxia is involved in  pulmonary vascular remodeling that 

increases pulmonary vascular   resistance, which may negatively affect 

LV diastolic filling by    the phenomenon of ventricular 

interdependence. 

                                

Dilatation of the RV also increases the constrictive effect of the                                                                           

pericardium, which can result in a reduction in the dispensability and 

filling of the Left Ventricle.     
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             MATERIALS & METHODOLOGY 

 

STUDY DESIGN: Prospective and observational study 

 This study will be conducted in 100 COPD patients. All patients 

are subjected to full medical history , basic blood investigations, 

CXR, SPIROMERETY, ECG, C- REACTIVE PROTIEN, 

ECHOCARDIOGRAPHY. 

 They are classified into group 1 & group 2 according to GOLD 

criteria  based on PFT 

   GROUP I - Mild & Moderate (GOLD CLASS 1&2)                                

GROUP II - Severe & very severe (GOLD CLASS 3&4)    and 

study its associations with LVDD Grading based on                         

echocardiography & its correlation with Serum  CRP 

 

SOURCE OF DATA: 

 COPD patients attending / admitted in Thoracic Medicine & 

General Medicine OPD/ Wards during the period of March 2018 to 

August 2018 at Govt Rajaji Hospital, Madurai. 
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SAMPLE SIZE: 

 100 COPD Patients 

 

STUDY DURATION:  6 Months 

 

INCLUSION CRITERIA : 

 One Hundred patients diagnosed as COPD as per GOLD                           

(GLOBAL INITIATIVE FOR CHRONIC OBSTRUCTIVE 

PULMONARY DISEASE) were included in the study population 

 

EXCLUSION CRITERIA:  

 Diabetes Mellitus 

 Systemic Hypertension 

 Obesity based on BMI 

 Other chronic lung disease like asthma ,ILD, PTB. 

 Obstructive sleep apnea  

 Associated other known cardiac disease like CAD, Arrythmiyas, 

valvular or congenital Heart disease. 

 

COLLABORATING DEPARTMENTS: 

 Department of Thoracic medicine 

 Department of Cardiology 
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METHOD OF COLLECTING DATA 

COPD patients of varying age and sex were selected carefully 

using GOLD criteria. Their written consent was taken. The history was 

elicited. Age, height, weight were recorded. Thorough clinical 

examination were carried out. 

 

  The performance of PFT were demonstrated. Patients were made 

to undergo pulmonary function tests using Medspiror, for 3 times at 

every 15 minutes interval and best of 3readings was taken. The Forced 

Vital Capacity (FVC), Forced Expiratory Volume at the end of one 

second (FEV1),FEV1/ FVC ratio & FEV1 Predicted were recorded. 

Patient belonging all stages of COPD as per GOLD guidelines were 

included for the study. Then they were subjected to Echocardiography 

and blood investigations. 

 

CONSENT: 

Patients were informed about the details of the test performed and blood 

samples were collected with the consent. 
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DATA COLLECTION: 

 

Relevant History & Clinical Examination 

 

Age, sex, Height, Weight, BMI 

 

Basic blood investigations 

 

C-REACTIVE PROTIEN 

 

Pulmonary Function Test By Spirometry 

 

Saturated Hb with o2 by Pulse oximeter 

 

ECG 

 

Chest Xray PA View 

 

ECHOCARDIOGRAPHY 
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STATISTICAL ANALYSIS 

 

Statistical analysis was done by using percentages, mean values, 

standard deviation, chi-square test, t-test and proportion test. A                     

p-value <0.05 level was considered statistically significant and a p-value 

>0.05 was considered as not statistically significant 
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RESULTS 

 

TABLE – 1 

AGE DISTRIBUTION 

Age in years No.of cases 

< 30 12 

 31 - 40  34 

 41 - 50  39 

 > 50  15 

Total 100 

 

Most of the cases (73%) are in 31-50 years of age group. 

AGE DISTRIBUTION
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< 30  31 - 40  41 - 50  > 50 

No.of cases
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TABLE – 2 

GENDER DISTRIBUTION 

 

Sex Distribution No.of cases 

Male 78 

Female 22 

Total 100 

 

Males are more common (78%) in my study 

 

GENDER DISTRIBUTION

78

22

Male Female
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TABLE – 3 

SMOKERS DISTRIBUTION 

 

Smokers No.of cases 

Smokers 70 

Non smokers 30 

Total 100 

 

In our study, Smokers are 70%  and non smokers 30% 

SMOKERS DISTRIBUTION

70

30

Smokers Non smokers
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TABLE – 4 

FEV1 DISTRIBUTION 

 

FEV1 Predicted % No.of cases 

 > 80   13 

 51 - 80  25 

 31 - 50  49 

 < 30 13 

Total 100 
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FEV1 PREDICTED %
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TABLE – 5 

FEV1 PREDICTED % DISTRIBUTION 

FEV1 Predicted % CRP +ve 

 > 80  (13) 0 

 51 - 80  (25) 4 

 31 - 50 (49) 18 

 < 30 (13) 13 

 

CRP +ve  18 cases  in 31-50 FEV1 predicted group and 13 cases in <30 

FEV1 predicted group. 

 

0

4

18

13

0

2

4

6

8

10

12

14

16

18

 > 80  (13)  51 - 80 

(25)

 31 - 50 (49)  < 30 (13)

FEV1 VS CRP +ve

CRP +ve
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TABLE – 6 

CRP POSITIVE DISTRIBUTION 

 

CRP Positive Mean CRP 

Positive 37 

Negative 59 

p value <0.001  

 

Mean CRP value is significantly higher in CRP negative group. 

 

CRP POSITIVE VS Mean CRP

37

59

Positive Negative
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TABLE – 7 

AGE VS CRP 

 

Age vs CRP CRP +ve 

< 30  (12) 4 

 31 - 40  (34) 16 

 41 - 50  (39) 11 

 > 50 (15) 4 

 

27 cases of CRP +ve in 31-50 age group. 
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< 30  (12)  31 - 40  (34)  41 - 50  (39)  > 50 (15)

AGE VS CRP +ve

CRP +ve
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TABLE – 8 

Sex vs CRP 

 

Sex vs CRP CRP +ve 

Male  (78) 27 

Female (22) 8 

 

27 cases CRP +ve cases in males and 8 CRP +ve cases in females 

 

GENDER VS CRP +ve

27

8

Male  (78) Female (22)
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TABLE – 9 

Smokers  vs CRP 

 

Smokers  vs CRP CRP +ve 

Smokers  (70) 23 

Non smokers (30) 12 

TOTAL 35 

 

23 CRP +ve cases from Smokers and 12 CRP +ve cases in non smokers 

group. 

 

SMOKERS VS CRP +ve

23

12

Smokers  (70) Non smokers (30)
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TABLE – 10 

FEV1 Predicted % VS Left ventricular Diastolic Dysfunction 

FEV1 Predicted % 

Left ventricular Diastolic Dysfunction 

Grade I Grade II Grade III Grade IV Total 

 > 80  (13) 2 0 0 0 2 

 51 - 80  (25) 8 5 0 0 13 

 31 - 50 (49) 14 11 8 0 33 

 < 30 (13) 0 0 12 1 13 

 

In Left ventricular Diastolic Dysfunction, none of the cases from Grade 

III and IV out of  38 cases  from FEV1 predicted % (>50%) group but 21 

cases from FEV1 predicted % (<50%) group 

2

0 0 0
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0 0
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11

8

0 0 0
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 > 80  (13)  51 - 80  (25)  31 - 50 (49)  < 30 (13)

FEV1 PREDICTED % VS GRADE

Grade I Grade II Grade III Grade IV
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TABLE – 11 

FEV1 Predicted % VS Left ventricular Diastolic Dysfunction 

 

FEV1 Predicted % 

Left ventricular Diastolic Dysfunction 

Grade I Grade II Grade III Grade IV Total 

Group I  (Gold  class I 

& II) 10 5 0 0 15 

Group II (Gold  class 

III & IV) 14 11 20 1 46 

Total 24 16 20 1 61 

 

In Left ventricular Diastolic Dysfunction, none of the cases from Grade 

III and IV out of  38 cases  from FEV1 predicted % (>50%) group but 21 

cases from FEV1 predicted % (<50%) group 
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10

14

5

11

0

20

0 1

0

5

10

15

20

Grade I Grade II Grade III Grade IV

FEV1 PREDICTED% VS LEFT VENTRICULAR 

DIASTOLIC DYSFUNCTION

Group I  (Gold  class I & II) Group II (Gold  class III & IV)

 

 

 

 

 

 

 

 



75 
 

TABLE - 12 

 

FEV1 Predicted % LVDD CRP +ve 

Group I  (Gold  class I & II) 15 4 

Group II (Gold  class III & IV) 46 31 

p value < 0.001 Significant 

 

In group II, Out of 46 LVDD cases, 31 cases are CRP +ve, this is 

significantly higher than Group I only 4 CRP+ve cases. 
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TABLE - 13 

LVDD  vs FEV1 predicted group 

LVDD Grade III Grade IV 

Group I (38) 0 0 

Group II (62) 20 1 

Total 20 1 

 0/38 vs 21/62 < 0.001 Significant 

 

In group II, Out of 62 cases 21 had severity Grade III and IV, but In 

group I, out of 38 cases none of the cases had severity Gr III and IV 
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DISCUSSION 

COPD being a systemic illness, it does not affect only the lungs. COPD 

has varied systemic manifestations due to the chronic inflammatory 

mediators, Hypoxia , Hypercarbia & various metabolic factors. Several 

systemic disorders In the form of Anemia, Osteoporosis, Accelerated 

Ischemic Heart Disease, Muscle Wasting, Depression .Cardiovascular 

disease is a frequent cause of mortality in COPD. Roughly 30% of COPD 

patients die from a cardiovascular Cause.  

 

The main findings in the current study are that there was a high 

prevalence (73%) of LVDD in COPD patients which is associated with 

increased disease severity according to GOLD classification and the 

presence of inflammatory markers like serum C-REACTIVE PROTIEN 

while in other studies the prevalence was 90%, 50%.The difference in 

prevalence could be attributed to different numbers of patients and 

severity of disease included in each study, also we excluded patients with 

known hypertension, diabetes, OSA, other chronic lung disease, other  

known cardiovascular disorders which is a well-known etiology of 

diastolic dysfunction. The mechanisms that might explain the presence of 

left ventricular diastolic dysfunction in COPD patients are many. 
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First is chronic hypoxemia leading to intracellular calcium 

transport disturbances which might result in abnormalities of myocardial 

relaxation . This mechanism usually occurs in severe cases of COPD, 

grade III and IV as shown in the current study.  

 

Second is the presence of pulmonary hypertension with chronic 

right ventricular hypertrophy which may develop in COPD patients 

followed by right ventricle dilatation. During early diastole, the 

ventricular septum displaces toward the left ventricular cavity and the left 

ventricle becomes distorted from its circular configuration. The severity 

of left ventricular and septal deformity depends on the transseptal 

pressure gradient.  

 

Thirdly, the presence of emphysema and hyperinflation which has 

been related to impaired left ventricle filling . This is due to increased 

intrathoracic pressures which may impair cardiac function by decreasing 

biventricular preload and increasing left ventricular afterload. 

 

The fourth cause is the inflammation which is considered to be one 

of the systemic manifestations of COPD. In the present study systemic 

inflammation was evaluated by measuring C-reactive protein. There was 

a tendency towards CRP levels with higher GOLD-stage .There was a 

statistically highly significant difference of inflammatory markers 
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between COPD grades and with increasing severity of disease. This 

finding could explain that CRP is involved in the disease process in 

COPD .CRP is the well-studied biomarker of systemic inflammation in 

COPD. 

The present study showed that patients with severe and very severe 

grade III and IV COPD patients have statistically significant higher 

prevalence and higher grading of LVDD then compared with patient 

grade I, II COPD . 

 

The inflammatory markers serum CRP also showed statistically 

significant correlations with both of FEVI predicted and LVDD. All this 

findings suggest that prevalence of LVDD is associated with increased 

disease severity according to GOLD classification and the presence of 

inflammatory markers serum CRP. One explanation for this association 

between disease severity and diastolic function could be systemic 

inflammation. Inflammation is considered to be one of the systemic 

manifestations of COPD and provides an alternative hypothesis for 

explaining the relationship between airflow limitation and atherosclerotic 

plaque formation, which are two factors that are also associated with 

myocardial ischemia and left ventricular diastolic dysfunction. 

Furthermore, the presence of cor pulmonale secondary to pulmonary 

hypertension can lead to interventricular septum deviation toward the left 
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ventricle, which alters left ventricular geometry and delays filling. This 

mechanism could also explain why disease severity was associated with 

worse diastolic function. The cause of increased systemic inflammatory 

markers in COPD patients might be due to systemic hypoxia which is 

observed in patients with COPD, due to deterioration of lung function. 
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                                       SUMMARY 

100 COPD subjects admitted in the Govt Rajaji Hospital were study for 

left ventricular dysfunction during  March 2018 to August 2018. 

Age of the subjects varied from 18 to 65 years of age 

Males were 78 , Females were 22. 

COPD severity based on GOLD class as Mild – 13, Moderate - 25, 

Severe – 49 and Very severe - 13patients in the study. 

Prevalence of LVDD dysfunction in COPD subjects was 61% of study 

population with Normal being 39% of study population with GROUP 1 

& GROUP 2 being 39.5% and 74.5% respectively,which was statistically 

significant. 

C – Reactive protein was positive in  35% of COPD patients in the study 

group, with GROUP 1 & GROUP 2 being 10.5% and 50% respectively, 

which was statistically significant. 

C – Reactive protein was positive in 26% Patients with grade 1 & 2 

LVDD and 67% in Grade 3& 4 LVDD, which was statistically 

significant. 

 

There was also prolonged hospital stay in patients with grade 3 and 

4 left ventricular diastolic dysfunction. 
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Thus from the study, we came to know that as the COPD 

individuals progress in the airflow limitation from mild to moderate, 

severe & then to very severe COPD stages , they encounter higher 

prevalence of left ventricular diastolic dysfunction with correlation of 

inflammatory marker which remarkably affects severity of disease and 

the quality of life of COPD individuals . 
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LIMITATIONS OF THE STUDY 

 
 The major limitations of the present study are the small sample size 

of the included patients. 

 Lack of the control group 

 It is a single centre study so results are needed to be evaluation 

 Period of study is of short duration and hence mortality benefit 

could not able to be accessed. 
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CONCLUSION 

 

COPD patients in their due course of the illness develop multiple 

systemic complications. LVDD is one among such systemic 

complications of COPD. As there is progressive airflow limitation, the 

severity of COPD progress which results in varied grades of LVDD. In 

conclusion there is a high prevalence of LVDD in COPD patients which 

is associated with increased disease severity according to GOLD 

classification.  

The relationship between COPD severity according to GOLD 

criteria and grading of LVDD is significantly correlated with 

inflammatory marker C-REACTIVE PROTEIN. And it is important to 

exclude decompensated heart failure during COPD exacerbation. Hence 

COPD patients should be regularly monitored for abnormal LVDD & 

managed accordingly to improve their quality of life. 
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PROFORMA 

Name : 

Age / Sex : 

IP / OP Number : 

Occupation : 

Chief Complaints: 

History Of Presenting Complaints: 

Past History: 

H/o DM, SHT,TB,BA,COPD,CAD,CVA,CKD,SEIZURES 

Personal History: 

Number of Years Of Smoking Cigarettes / Beedi 

Number Of Cigarettes / Beedi Smoked Per Day 

Clinical Examination: 

General Examination: 

Pallor, Icterus, Cyanosis, Clubbing, Lymphadenopathy, Edema 

Vitals: 

PR: 

BP: 

RR: 

SPO2: 

Temp: 
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Systemic Examination: 

RS: 

CVS: 

CNS: 

PA: 

Laboratory Investigations: 

RBS, RFT, LFT. 

Complete Hemogram. 

Chest X - ray PA View 

ECHOCARDIOGRAPY 

PULMONARY FUNCTION TESTS ( Spirometry) 

Saturated O2 by Pulse Oximetry 

ECG 

C – REACTIVE PROTIEN 
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ABBREVIATIONS 

COPD - Chronic Obstructive Pulmonary Airway Disease 

FEV1 - Forced Expiratory Volume at 1 (first) second 

FVC -  Forced Vital Capacity 

GOLD - Global Initiative for Obstructive Lung disease 

TLC -          Total Lung Capacity 

LVDD -      Left Ventricular diastolic dysfunction 

VC  –  Vital Capacity 

CVD –      Cardiovascular Disorders 

CRP – C – Reactive protien 
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MASTER CHART 

     GRADING OF LVDD 

STUDY 
GROUP 

 

S. No Age Sex 
Smokers/ 

non 
smokers 

FEV1 
Predicted 
%by PFT 

1 2 3 4 CRP 

1 32 M S 33         
II 

POSITIVE 

2 36 F NS 28     III   
II 

POSITIVE 

3 26 M S 52         I   

4 31 M S 79   II     
I 

  

5 41 M NS 44         
II 

  

6 45 M S 55         
I 

  

7 30 F NS 35 I       
II 

POSITIVE 

8 30 M S 53 I       
I 

  

9 32 M S 79         
I 

POSITIVE 

10 34 M S 33     III   
II 

  

11 25 F NS 59   II     
I 

  

12 35 M S 61 I       
I 

  

13 39 M S 91         
I 

  

14 64 M S 76         
I 

  

15 38 F NS 67         
I 

  

16 50 M S 57 I       
I 

  

17 42 M S 51   II     
I 

  

18 46 M S 88 I       
I 

  

19 27 M S 64         
I 

POSITIVE 

20 40 F NS 40   II     
II 

POSITIVE 

21 25 M S 65 I       
I 

  

22 36 F NS 29     III   
II 

POSITIVE 
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23 54 M S 83         
I 

  

24 48 M S 62         
I 

  

25 42 M NS 33         
II 

  

26 38 M S 68 I       
I 

  

27 63 F NS 71         
I 

  

28 32 M S 75   II     
I 

  

29 33 M S 69         
I 

POSITIVE 

30 36 M S 85         
I 

  

31 39 M NS 15     III   
II 

POSITIVE 

32 45 M S 34         
II 

POSITIVE 

33 43 M S 41 I       
II 

  

34 34 M S 17         
II 

POSITIVE 

35 43 M NS 36   II     
II 

  

36 37 M S 89         
I 

  

37 47 F NS 77 I       
I 

  

38 41 M S 17     III   
II 

POSITIVE 

39 35 M S 94         
I 

  

40 41 F NS 37 I       
II 

  

41 62 M S 76         
I 

  

42 59 M S 49     III   
II 

POSITIVE 

43 39 F NS 103         
I 

  

44 41 M S 39         
II 

  

45 43 M S 26     III   
II 

POSITIVE 

46 24 M S 70 I       
I 

  

47 37 M NS 42         
II 

POSITIVE 

48 48 M S 47 I II     
II 
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49 41 M S 105         
I 

  

50 43 F NS 34         
II 

  

51 45 M S 39     III   
II 

POSITIVE 

52 58 M S 43         
II 

  

53 43 M S 21     III   
II 

POSITIVE 

54 40 M S 48 I II     
II 

  

55 36 M S 108 I       
I 

  

56 28 M S 45         
II 

POSITIVE 

57 27 F NS 38         
II 

  

58 42 F NS 44     III   
II 

  

59 35 M S 36         
II 

POSITIVE 

60 39 M S 43 I       
II 

POSITIVE 

61 26 F NS 35   II     
II 

  

62 41 F NS 44         
II 

  

63 41 M S 72   II     
I 

  

64 45 M NS 42 I   III   
II 

POSITIVE 

65 49 M S 41         
II 

  

66 42 M S 19     III   
II 

POSITIVE 

67 37 F NS 46   II     
II 

  

68 39 M S 36 I       
II 

POSITIVE 

69 61 M S 26     III IV 
II 

POSITIVE 

70 50 M S 32     III   
II 

  

71 49 M S 97         
I 

  

72 41 F NS 47 I       
II 

  

73 31 M S 27     III   
II 

POSITIVE 

74 33 M S 33   II     
II 

POSITIVE 
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75 57 M S 36 I       
II 

  

76 36 M S 48         
II 

  

77 60 F NS 47   II III   
II 

POSITIVE 

78 42 F NS 66         
I 

  

79 53 M S 47         
II 

  

80 43 M S 32 I       
II 

  

81 39 M S 47         
II 

  

82 28 M S 36   II     
II 

  

83 37 M NS 16     III   
II 

POSITIVE 

84 42 M S 31         
II 

  

85 45 M S 98         
I 

  

86 43 M S 31 I       
II 

POSITIVE 

87 33 M S 45         
II 

  

88 42 F NS 46         
II 

POSITIVE 

89 65 M S 33   II III   
II 

  

90 44 M S 29     III   
II 

POSITIVE 

91 56 M S 35 I       
II 

  

92 32 F NS 74 I       
I 

POSITIVE 

93 45 M S 73         
I 

  

94 34 M S 86         
I 

  

95 55 M S 21     III   
II 

POSITIVE 

96 44 M NS 35         
II 

  

97 51 M S 111         
I 

  

98 29 F NS 37         
II 

POSITIVE 

99 41 M S 49   II     
II 

POSITIVE 

100 52 M S 36 I       
II 
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