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ABSTRACT
Objective: The objective of this study was to find out the frequency of ECG abnormalities in patients of COPD in
relation to disease severity.
Study Design: Cross Sectional study.
Place and Duration of Study: This study was carried out at the Department of Medicine, Military Hospital
Rawalpindi, from Oct 2011 to Jun 2012.
Material and Methods: All patients presenting to the Department of Medicine both inpatient and outpatient, with
diagnosis of COPD were included in the study. Patients with cardiac comorbidities were excluded. Also, patients
on diuretics and long term oxygen therapy were excluded. A total of three hundred and forty three patients (343)
were included in the study. Spirometry of all these patients was done to determine the FEV1 and FVC in order to
classify the grade of severity of COPD. Standard 12 lead ECG of all these patients was done to find out the
various ECG abnormalities.
Results: About 77 (22.5%) patients had mild COPD, while moderate COPD was seen in 121 (35.3%). Severe COPD
was seen in 100 (29.2%) patients and very severe COPD was seen in 45 (13.1%) patients. The most common ECG
abnormalities noted was right atrial enlargement (RAE) in 6 (7.8%) patients of mild COPD, 27 (22.3%) patients of
moderate, 48 (48%) patients of severe and 24 (53.3%) patients of very severe COPD. Right ventricular
hypertrophy (RVH) in 1 (1.3%) patient of mild, 7 (5.8%) patients of moderate, 19 (19%) patients of severe and 12
(26.7%) patients of very severe COPD. Sinus tachycardia was present in 6 (7.8%) patients of mild, 17 (14%)
patients of moderate, 19 (19%) patients of severe and 10 (22.2%) patients of very severe COPD. Right bundle
branch block (RBBB) was seen in 5 (6.5%) patients of mild, 9 (7.4%) patients of moderate, 13 (13%) patients of
severe and 9 (20%) patients of very severe COPD. SVT was present in 1 (1.3%) patient of mild, 6 (5%) patients of
moderate, 10 (10%) patients of severe and 8 (17%) patients of very severe COPD. Low voltage ECG was seen in 3
(3.9%) patients of mild, 7 (5.8%) patients of moderate, 12 (12%) patients of severe and 6 (13.3%) patients of very
severe COPD. Atrial premature contractions (APCs) were present in 3 (3.9%) patients of mild, 11 (9.1%) patients
of moderate, 14 (14%) patients of severe and 6 (13.3%) patients of very severe COPD. Normal ECG was seen in 54
(70.1%) patients of mild, 52 (43%) patients of moderate, 14 (14%) patients of severe and 3 (6.7%) patients of very
severe COPD.
Conclusion: A number of ECG abnormalities were seen in patients with COPD. They were more frequent with
increased grade of severity of COPD. Therefore, it is recommended that ECG should be done routinely in patients
with COPD.
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INTRODUCTION

health problems faced today1,2. International
statistics show that COPD causes significant
mortality and morbidity globally. Three million
people die every year due to this disease and the
mortality rate of COPD is expected to increase by
50% in the next 15 years3.

The last two decades have seen an increase
in the incidence of chronic obstructive pulmonary
disease (COPD), making it one of the major
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COPD is linked to arrhythmias in stable
cases as well as in acute exacerbations4. A
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retrospective cohort study was carried out in 2006
to compare prevalence of cardiovascular disease
in COPD patients with those without it. Results
showed increased risk of hospitalization and
mortality due to cardiovascular disease in COPD
patients resulting from a higher prevalence of
angina, arrhythmias, acute myocardial infarction,
congestive heart failure as well as stroke and
pulmonary embolism in these patients5. COPD
leads to various cardiac abnormalities. These
include right ventricular dysfunction and
pulmonary
hypertension
thus
increasing
mortality in this population. Arrhythmias are
common in these patients but they are rarely
fatal6.
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calculator, confidence interval (CI) was 95%,
anticipated population precision 4%, absolute
precision 2.3% taken from literature review.
Sample size calculated was 343 patients by Nonprobability purposive sampling. Spirometry of
all these patients was done in pulmonology
department using spirometer of spirolab II to
determine FEV1 and FVC. All patients included in
the study had an FEV1/FVC of less than 0.7.
Patients having FEV1 greater than 80% were
included in mild COPD. Patients with FEV1
between 50% and 80% were labelled as moderate
COPD. Patients with FEV1 between 30% and 50%
were included in severe COPD, while patients
having FEV1 less than 30% were classified as very
severe COPD. Standard 12 lead ECG of all
patients was done to look for various ECG
findings.

Cardiovascular complications are frequently
observed in patients with chronic obstructive
pulmonary
disease
(COPD)
and
these
complications help to identify a subset of patients
with higher mortality. ECG abnormalities
(supraventricular ectopic beats, right and/or left
ventricular hypertrophy) and digoxin therapy
are independent predictors of cardiovascular
complications in patient of COPD7. The purpose
of this study is to determine frequency of various
ECG parameters detected in patients of COPD
and to grade them according to the severity of
disease. As these parameters are predictive of
cardiovascular complications and point towards
a bad prognosis. Early recognition and treatment
of these complications could prove to be
beneficial for the patient.

ECG Findings were as follows:
Right Atrial Enlargement
It was characterized by increased amplitude
of p-wave >2.5mm or if p-wave is upright in lead
V1 with an amplitude greater than 1.5mm.
Right Vevtricular Hypertrophy (RVH)
It was characterized by tall R wave in V1 and
deep S wave in V6 , where R wave is greater or
equal to S.
Supraventricular Tachycardia (SVT)
It was characterized by narrow complex
tachycardia with regular RR interval and absence
of p-waves.

MATERIAL AND METHODS

Low Voltage ECG

This is a cross sectional study, conducted at
the Department of Medicine, Military Hospital
Rawalpindi. Permission was taken from hospital
ethical committee prior to conducting the study.
Informed consent was taken from all the patients.
All patients diagnosed as having COPD but not
on long term oxygen therapy were included in
this study. This study group had no history of
diabetes mellitus, hypertension, coronary artery
disease, cardiomyopathy and valvular heart
disease (which was ruled out by doing
echocardiography). Using WHO sample size

It was characterized when amplitude of QRS
complexes in each of the three standard limb
leads (I, II, III) is less than 5 mm.
Premature Atrial Contraction (PAC)
It was characterized by a variable p-wave
morphology and short RR interval .
Right Bundle Branch Block (RBBB)
It was characterized as broad QRS >120ms
rSR pattern in V1 and qRS inV6.

570

ECG Abnormalities in Chronic Obstructive Pulmonary Disease

Pak Armed Forces Med J 2017; 67 (4): 569-74

Sinus Tachycardia

DISCUSSION

It was characterized by normal sinus rhythm
but heart rate greater than 100 beats per minute.

The spectrum of cardiovascular disease
associated with COPD is broad. Patients with
COPD tend to develop pulmonary hypertension
over time, which increases mortality9.

Normal ECG
It was characterised by normal sinus rhythm
and heart rate between 60 and 100 beats per
minute8.

In this study, patients with severe and
very severe COPD developed pulmonary
hypertension as ECG changes favoring
corpulmonale were more frequent in such
patients. Pulmonary hypertension related with
COPD can cause right ventricular hypertrophy.
The electrocardiographic sign of corpulmonale
are relatively specific9. Electrocardiogram
features in patients with COPD that suggest
pulmonary hypertension are:

Data analysis was done using SPSS version
17 software. Mean and standard deviations were
calculated for quantitative variable that is age
for all patients. Analysis and frequencies were
carried out for qualitative variables that are
gender, ECG findings and spirometry results for
all patients. Frequency analysis was carried out
between types of ECG abnormalities and grades
of COPD using chi square test. A p-value <0.05
considered as a significant value.

 Right atrial enlargement.

RESULTS

 Incomplete or complete right bundle branch
block.

A total of 343 patients were included in the
study. Out of 343 patients, 234 (68.2%) patients

 Evidence of RVH, and low voltage QRS10. All
of these signs werse assessed in our study and

Table-I: Demographic characteristics of the population group.
Variables
COPD grade
Mild (77)
Moderate (121)
Severe (100)
Age (mean) yrs ± S.D
57 ± 11
64 ± 10
68 ± 8
Males (284)
62 (26.5%)
81 (34.6%)
58 (24.8%)
Females (109)
15 (13.8%)
40 (36.7%)
42 (38.5%)
Total
77 (22.5%)
121 (35.3%)
100 (29.2%)
were male and 109 (31.8%) patients were females.
Mean age was 56.6 years for patients with mild
COPD. Patients with moderate COPD had a
mean age of 64.03 years. Patients with severe
COPD had a mean age of 68.27 years. Patients
with very severe COPD had a mean age of 75.56
years. According to grade of severity of COPD 77
(22.4%) patients had mild COPD, 121 (35.3%) had
moderate COPD, 100 (29.2%) patients had severe
COPD and 45 (13.1%) had very severe COPD
(table-I). Various ECG findings analyzed in this
study were: RAE, RVH, RBBB, SVT all being
more frequent in patients with very severe COPD
and normal ECG was more significant in patients
with mild COPD (table-II).

Very severe (45)
76 ± 10
33 (14.1%)
12 (11%)
45 (13.1%)

the results showed that they were more
frequent in very severe COPD. ECG
abnormalities that were more frequent in
patients with very severe COPD, include RAE,
RVH, RBBB, marked clockwise rotation of
heart, a QS pattern in leads III and aVF, LAD,
PACs, and SVTs11.
Finding of right ventricular hypertrophy in
ECG especially in lead V1 indicates the presence
of right ventricular systolic dysfunction. ECG is
therefore a helpful tool for estimation of the
presence of right ventricular systolic dysfunction
in patients with pulmonary hypertension12. In our
study right ventricular hypertrophy was present
in 39 (11.4%) patients. Right bundle branch
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block is
associated
with
hemodynamic
consequences in cardiac failure with related
asynchrony of the left ventricle and in some cases
of right ventricular dilatation13. Right bundle
branch block was present in 36 (10.5%) patients of
COPD in our study.
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study, regarding ECG changes in COPD patients
was also carried out in India. ECG changes were
present in 35.7% of patients of COPD with
peaked p-wave in 35.7%. ECG changes were less
sensitive (35.7%) but had a high specificity
(95.6%)15. In our study 123 (35.9%) patients had a
normal ECG. Peaked p-wave indicating right
atrial enlargement was present in 105 (30.6%)
patients of COPD.

COPD predisposes patients to cardiac
arrhythmias and pulmonary hypertension.
Pulmonary hypertension causes right ventricular

Table-II: Frequency of ECG findings in patients of copd according to severity of COPD.
ECG findings
COPD grade
MILD
Moderate Severe
Very
Total
(77)
(121)
(100)
Severe (45)
RAE
Count
6
28
48
24
106
% within gp of COPD
7.8%
23.1%
48%
53.3%
30.9%
% of total
1.7%
8.2%
14%
7%
RVH
Count
1
7
19
12
39
% within gp of COPD
1.3%
5.8%
19%
26.7%
11.4%
% of total
0.3%
2.0%
5.5%
3.5%
RBBB
Count
5
9
13
9
36
% within gp of COPD
6.5%
7.4%
13.0%
20%
10.5%
% of total
1.5%
2.6%
3.8%
2.6%
APC
Count
3
11
14
6
34
% within gp of COPD
3.9%
9.1%
14.0%
13.3%
9.9%
% of total
0.9%
3.2%
4.1%
1.7%
SVT
Count
1
6
10
8
25
% within gp of COPD
1.3%
5%
10%
17.8%
7.3%
% of total
0.3%
1.7%
2.9%
2.3%
Low
Count
3
7
12
6
28
Voltage
% within gp of COPD
3.9%
5.8%
12.0%
13.3%
8.2%
ECG
% of total
0.9%
2.0%
3.5%
1.7%
Sinus
Count
6
17
19
10
52
Tachycar % within gp of COPD
7.8%
14.0%
19.0%
22.2%
15.2%
dia
% of total
1.7%
5.0%
5.5%
2.9%
Normal
Count
54
52
14
3
123
ECG
% within gp of COPD
70.1%
43.0%
14.0%
6.7%
35.9
% of total
15.7%
15.2%
4.1%
0.9%
strain and stretching of the right atrium which
predisposes patients to arrhythmias. Metabolic
changes such as hypoxia and acidosis are also a
cause of arrhythmias in patients of COPD14.

Sig
<0.001

<0.001

0.057

0.129

0.004

0.096

0.100

<0.001

According to studies there are about
89,000 new cases per year of supraventricular
tachycardia and 570,000 individuals with
paroxysmal supraventricular tachycardia in the
United States16. Supraventricular tachycardia in
most of these patients is associated with long
term use of oral steroids, long standing

ECG findings in patients of COPD can
assist in decision making regarding disease
progression. A hospital based cross sectional
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antimuscarinics
theophylline17.

and

temporary

use

of
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life requiring more health care resources as
compared to patients of COPD who do not have
heart disease23.

The Takahata study done in Japan showed
that the incidence of atrial fibrillation was much
higher in patients who had airflow limitations
compared to those without airflow limitation.
Furthermore, incidence of atrial fibrillation was
higher in patients who had severe airflow
obstruction with an FEV1 less than 50%18. In our
study SVT was present in a total of 25 (7.3%)
patients. In patients with very severe COPD 8
(17%) had SVT. The Quebac study done in
Canada followed up patients from 1990 to 1999
and included 76,661 patients of COPD out of
which 5307 developed arrhythmias with an
annual incidence of 10.3 per 1000. Use of beta
agonists was held responsible for arrhythmias19.
Beta agonists tend to increase heart rate by 9.12
beats per minute as compared to placebo. The
relative risk calculated for sinus tachycardia was
3.06 and for other event was 1.6620. In the
present study sinus tachycardia was present in
52 (15.2%) patients. Atrial premature contractions
were present in 34 (9.9%) patients.

CONCLUSION
COPD is very frequently associated
with ECG abnormalities. Frequency of ECG
abnormalities increased with increase in grade of
severity of COPD. Abnormalities such as RAE,
RVH, RBBB, low voltage ECG SVT and APCs
were more prevalent in very severe COPD than
in mild COPD. Normal ECG was present in 123
(35.9%) patients majority of which had mild
COPD. ECG abnormalities in patients of COPD
point towards a poor prognosis indicating that
these patients are at increase risk of developing
cardiovascular complications, also treatment
itself i.e. B agonist could be a cause of these
findings SVT, APC. ECG is cost effective and can
be done very easily. Therefore it is recommended
that routine ECG should be done in patients of
COPD, especially in patients with very severe
COPD. This will help in recognizing the
complications and in tailoring treatment for
patients of COPD.

A study done in Korea in 2009, suggested
the association of chronic AF with reduced
ventilatory function. It also studied the effects of
beta blockers and beta agonists. In medical
practice, β-blockers which can unfavorably affect
ventilation, are commonly administered to lessen
the ventricular rate in AF whereas beta agonists,
which can exacerbate the cardiac rhythm are used
to manage reduced lung function. Careful use of
these drugs is needed as chronic AF co-existing
with decreased ventilatory function was
significant in this study21.
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