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SUMMARY 

Electrocardiographs from ninety seven patients with clinically established chronic bronchitis, emphysema 
and corpulmonale were studied. Correlation between ECG findings and clinical diagnosis was studied. 
Thirty eight patients had normal ECG; among these, 19 (50%) had simple chronic bronchitis, 13 (34%) 
had emphysema and 6 ( 16%) belonged to corpulmonale having obvious clinical signs of right heart failure. 
Whereas 37 ECGs showed changes compatible with emphysema, only 17(46%) of these had clinically 
correlated emphysema. Among 18 .ECGs showing typical pattern of right ventricular enlargement (RVE); 
15(83%) had associated clinical Corpulmonale. ECG criteria of RVE was observed in 50% of the patients 
who were clinically diagnosed to have Corpulmonale. 54% of Chronic Bronchitis, 40.6% of Emphysema 
and 20% of clinically obvious Corpulmonale had normal ECGs. Sensitivity of ECG finding for Chronic 
Bronchitis, Emphysema and Corpulmonale was 64%, 41 % and 50% respectively; whereas specificity was 
50%, 38% and 83% respectively. In conclusion sensitivity and specificity of ECG findings is low for both 
Chronic Bronchitis and Emphysema; whereas for Corpulmonale, sensitivity is also low but specificity is 
very high (83%). 

INTRODUCTION 

C
hest radiographs and electrocardiographs
(ECG) are routine investigations in the practice 

of pulmonology in spite of its limited diagnostic 
value1

• In the absence of cardiac pathology ECG 
patterns mimicking hemi blocks, old inferior or 
anterior wall infarction and right ventricular 
enlargement are not uncommon among patients with 
chronic obstructive lung diseases2 . On the other
hand when pulmonary hypertension has complicated 
chronic obstructive pulmonary disease (COPD) 
typical ECG findings of right ventricular 
enlargement (RVE) may be absent3 . This study was
intended to evaluate the reliability of ECG findings 
among patients with complicated or uncomplicated 
chronic bronchitis and emphysema. 

METHODOLOGY 

Following the accepted clinical criteria for 
Chronic Bronchitis, Emphysema and 
Corpulmonale4

•
5

•
6

, 97 consecutive patients with age 

range of 25-75 years, were selected for the study. 
Diagnosis of Emphysema was based on clinical 
signs of hyperinflation of chest, minimal sputum 
production and radiographic evidence of oligemia 
and over inflation. Simple Chronic Bronchitis was 
diagnosed on the basis of presence of risk factor, i.e; 
smoking, symptoms of mucorrhoea but no dyspnoea 
or clinical signs of airway obstruction; while 
Corpulmonale was diagnosed on obvious clinical 
signs of raised jugular venous pressure, hepatic 
congestion and peripheral oedema among patients 
with history of chronic obstructive pulmonary 
disease (COPD). 

Patients with associated cardiac disease or 
other systemic illnesses or any pulmonary disease 
responsible for productive cough or airway 
obstruction were excluded. 

Twelve leads ECGs were recorded on 
admission and saved for interpretation or analysis 
according to the standard textbook criteria. 
Diagnostic criteria for RVE3 was used as right axis
in standard leads (> 100°), R/S in V 1 > 1 or R/S in
V6<1. Emphysematous changes were interpreted as 
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low voltage in standard leads, deep s waves in all 
standard leads, loss of r in precordial leads, right 
axis deviation ( >90°) or superior axis ( beyond -
30°) deep S waves in I, II, III, a VF, incomplete right 
bundle branch block (RBBB). Among chronic 
bronchitis ECGs were expected to be normal. 

Sensitivity and specificity of ECG finding 
were calculated applying formula: 

Sensitivity= True positiveffrue Positive + False 
Negative x I 00 ; Specificity= True Negative/ False 

positive+ True Negative xlOO. 

Echocardiography and spirometery were not 
used for evaluation because of subjective variation 
in performance of spirometery and variability in 
assessment of echocardiography. Only those 
patients with advanced disease having obvious 
clinical signs were selected for the study. 

RESULTS 

ECGs were normal in 38 patients; out of 
these 19(50%) were Chronic Bronchitics, 6(16%) 
belonged to Corpulmonale and 13 (34%) had 
clinical emphysema (Table- 1). 

Thirty seven ECGs showed changes 
consistent with Emphysema; 17( 46%) among these 
belonged to clinically Emphysema, 12(32%) to 
Chronic Bronchitis, whereas 8 had Corpulmonale. 

Criteria of RVE was observed in 18 ECGs, 
among these 15(83%) came from Corpulmonale and 
3 belonged to Chronic Bronchitis. 

Over half (54%) of the patients with Chronic 
Bronchitis had normal ECGs and 12 (34%) had 
changes consistent with Emphysema. Clinical 
diagnosis of Emphysema was made in 32 patients, 
13(40.6%) among these had normal ECGs and 
17(53%) had ECG consistent with clinical 
diagnosis. 

Thirty out of total of 97 patients had 
Corpulmonale; among these only 15 (50%) had 
ECG findings of RYE, whereas 6 (20%) were 
normal and 8(27%) had ECGs consistent with 
Emphysema (Table 2). 54% of Chronic Bronchitis, 
40.6% of Emphysema, and 20% of Corpulmonale 
had normal ECGs. 
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DISCUSSION 

Airway obstructive diseases are characterized 
by progressive increase in trapped or closing lung 
volume. This results in over inflation of lungs 
downward displacement of diaphragm and 
stretching of heart, with consequent poor electrical 
conduction and changes in electrical axis of heart. 
Such alteration manifest as diminished voltage, 
clockwise rotation of heart, changes in electrical 
axis downward or superiorly, and flattening of P 
wave in front leads. Chronic Bronchitis and 
Emphysema often develop pulmonary hypertension, 
particularly when they are complicated by 
irreversible airway obstruction (COPD). During 
lifetime it is not often possible to make a confident 
diagnosis of right ventricular enlargement (RYE) 
among patients with COPD7

• In one study standard 
criteria of RYE were absent among 2;3•d of patients 
with COPD who had hypertrophied right ventricle 
on autopsies8>. 

Echocardiography and radionucleide studies 
are often used for confirmation of cardiac 
enlargement. Echocardiography though more 
sensitive than ECG, has lot of limitations in 
assessing right side of the heart due to interference 
of aerated lung parenchyma in the ultrasounds. 
Radionucleide studies are not conveniently available 
.ECG is a bedside test which can be repeated 
frequently and serial changes can be used for 
monitoring. 

Typical pattern o'f ECG in COPD include, 
low voltage, frontal axis, rotation on right axis (90-
1000), deep S wave in I, II, II, aVF, superior axis (-
300), or incomplete RBBB. All these findings can be 
seen in emphysema with or without RVE2

• In 
general diagnosis of RYE is made less often than 
left ventricu Jar enlargement L VE on ECG alone. 
The typical ECG findings of RYE, i,e; right axis, 
predominant R in right sided leads, deep S in left 
sided leads, RBBB, and P pulmonale are observed 
more often when RYE has complicated congenital 
cardiac disease or pulmonary vascular disease9

, and 
less frequent when associated with chronic airway 
or parenchymal lung disease. When classic criteria 
of RYE are absent the diagnosis may also be based 
on less specific finding of rS in VS, V6, right axis 
deviation, R in aVR and P pulmonale 10

• SI Q3 T3 is 
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Table I: Clinical diagnoses (n=97) 

ECG finding consistant with Ch. Bronchitis Emphysema Corpulmonale 

Emphysema 37 (38.5%) 
Right ventricular enlargement 18 ( 18.5%) 
Normal 38 (39%) 

Table 2: ECG findings (n=97) 

Clinical diagnosis 

Ch. Bronchitis (35) 
Emphysema (32) 
Corpulmonale (30) 

Normal 

19 (54%) 
13 (40.6%) 

6 (20%) 

Table 3: Clinical diagnosis reliability of ECG 

Sensitivity Specificity 

Ch. Bronchitis 54% 50% 
Emphysema 55% 46% 
Corpumonale 50% 83.4% 

also a reliable sign of RYE 11 • Compared with left, 
right ventricle must enlarge considerably before 
being detected on ECG. Thus when ECG criteria of 
hypertrophy is present it is more ominous sign of 
RYE than LYE. 

On the other hand normal ECG doesn't rule 
out RYE even with advanced corpulmonale. 
Majority of the patients with Corpulmonale 
complicating COPD do not show typical ECG 
findings of RYE 1

• 

ECG findings are also influenced by factors 
such as right atrial pressure, rotation of heart, 
arterial blood gases, myocardial ischaemia and 
metabolic disturbances12

• Sensitivity and specificity 
of ECG for diagnosing enlarged right ventricle are 
less reliable than for diagnosing left ventricle. 
Defining precise criteria for RYE with higher 
sensitivity as well as specificity is difficult. A 
scoring or point system is also devised however it 
looses validity whenever cardiac pathology is 
associated. Most commonly used criteria based on 
right sided voltage predominance for RYE has high 
specificity (>87%) but sensitivity varies from 6-

12 (32.4%) 17(46%) 8 (21.6%) 
3 (16.6%) 15 (83.4%) 
19 (50%) 13 (34%) 6 (15.7%) 

Emphysema RYE Others 
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12 (34%) 
17 (53%) 
8 (26.5%) 

3 (9%) 

15 (50%) 

1 (3%) 
2 (6.4%) 
I (3.5%) 

During the present study among 32 patients 
with clinical emphysema, 13(40%) had normal 
ECGs whereas just over half of the ECG (53%) 
were consistent with clinical diagnosis. 

Thirty eight patients had normal ECGs, 
majority of them had either chronic bronchitis and 
emphysema (50% & 34%), but a small number did 
have complicated disease of corpulmonale (16%). 
These results prove that with advanced and 
complicated disease there is a possibility of having 
normal ECG. A normal ECG is more likely to 
belong to chronic bronchitis, less often to 
emphysema and least likely to corpulmonale. 

Out of 18 ECGs showing pattern of RYE, 15 
(83%) belonged to patients with clinical 
corpulmonale, whereas among 31 patients with 
corpulmonale, 15 (50%) did not have ECG evidence 
of RYE. 

In summary among patients with chronic 
obstructive airway diseases, when present, ECG 
findings of RYE has high specificity, but lacks 
sensitivity since ECG may be normal in spite of 
obvious clinical signs of pulmonary hypertension 
and right ventricular failure. From this study we can 
draw a conclusion, that about half of all patients 
with chronic bronchitis, emphysema and 
corpulmonale are likely to show ECG changes not 
consistent with clinical diagnosis (sensitivity: 
average 53%), however when pattern of RYE is 
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present it is highly specific for corpulmonale 
(specificity: 83%). 
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