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INTRODUCTION 

COPD is a common treatable and preventable disease characterized by 

airflow limitation and persistent respiratory symptoms that is due to airway or 

alveolar abnormalities usually caused by significant exposure to noxious gases or 

particles
(1)

. 

According to WHO’s report, 65 million people have moderate to severe 

chronic obstructive pulmonary disease (COPD). Earlier, COPD was more 

common in men, but because of increased tobacco use among women in high-

income countries and the higher risk of exposure to indoor air pollution (such as 

biomass fuel used for cooking and heating) in low-income countries, the disease 

now affects men and women almost equally
(2)

.  

When assessing chronic respiratory diseases in India GBD(Global Burden of 

Diseases, Risk Factors, and Injuries) Collaborators show that these diseases— 

mainly chronic obstructive pulmonary disease (COPD) and asthma—make the 

second largest contribution to total mortality burden of India, at 10.9% 
(3)

. 

In absolute terms, cardiovascular diseases, respiratory diseases, and 

diabetes kill around 4 million Indians annually (as in 2016), and most of these 

deaths are premature, occurring among Indians aged 30–70 years 
(4)

. 

The number of cases of COPD in India increased from 28·1 million in 

1990 to 55·3 million in 2016(5). 
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The annual population-weighted mean exposure to ambient particulate 

matter PM 2·5 in India was 89·9μg/m³ in 2017. Most states, around 76·8% of the 

population of India, were exposed to annual population-weighted mean PM2·5 

greater than 40μg/m³, which is the limit recommended by the National Ambient 

Air Quality Standards in India 
(4)

. 

The proportion of population using solid fuels in India was 55·5% in 2017 

and it exceeded 75% in the low SDI states of Bihar, Jharkhand, and Odisha.  

In India, number of deaths in 2017 were 1·24 million. Of these, 12·5% of 

the total deaths, were attributable to air pollution, which includes 0·67 million 

from ambient particulate matter pollution and 0·48 million from household air 

pollution
(4)

. 

Obstructive Pulmonary Disease (COPD) was the second highest cause of 

death in India after heart disease in 2017, killing 1 million (958,000) Indians: 

According to University of Washington’s Global Burden of Disease study, 2018, 

COPD led to 13% of all deaths in India, and 7.5 million were at risk of the 

disease in 2016
(6)

. 

In India Non-Communicable Diseases (NCDs) were estimated to have 

accounted for 53% of all deaths and 44% of disability adjusted life years 

(DALYs) lost in 2005. Of these chronic respiratory disease accounted for 7% 

deaths and 3% DALYs lost
(7)

. 
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Crude estimates suggest that there are 30 million COPD patients in 

India
(8)

. 

India contributes significantly to the growing percentage of COPD 

mortality which is estimated to be amongst the highest in the world; i.e. more 

than 64.7 estimated age standardized death rate per 100,000 amongst both 

sexes
(9)

. 

COPD is a common preventable and treatable disease characterized by 

airflow limitation and persistent respiratory symptoms that is due to airway or 

alveolar abnormalities usually caused by significant exposure to noxious gases or 

particles
(1)

. 

COPD includes chronic bronchitis, a clinically defined condition with 

chronic cough and phlegm; emphysema, condition characterized by destruction 

and enlargement of the lung alveoli; and small airways disease, a condition in 

which small bronchioles are narrowed. COPD is confirmed only if chronic 

airflow obstruction occurs; chronic bronchitis without chronic airflow 

obstruction is not included within COPD
(10)

. 

Structural changes resulting from repeated injury and repair with chronic 

inflammation, having increased numbers of specific inflammatory cell types in 

different parts of the lung are the pathological changes. In general, the structural 

and inflammatory changes in the airways progresses with disease severity and 

persist even after cessation of smoking. The respiratory tract inflammation of 
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COPD patients appears to be an amplification of the normal inflammatory 

response of the respiratory tract to chronic irritants like cigarette smoke. The 

mechanisms of this amplification are not yet understood but may be genetically 

determined. Lung inflammation is further amplified by excess of proteinases and 

oxidative stress in the lung. Together, these mechanisms lead to the characteristic 

pathologic changes in COPD
(11)

. 

ANS & COPD 

Progressive airflow limitation is the hallmark of COPD. Progressive 

airflow limitation is associated with a local chronic inflammatory response in the 

airways and lungs, but in a subgroup of patients with COPD, biomarkers of 

systemic inflammation(e.g., fibrinogen and C-reactive protein) are also 

increased
(12)

. 

The coexistence of elastic recoil loss of the lung and expiratory flow 

limitation causes changes in the lung volume and in breathing pattern. 

Accordingly, a series of hemodynamic adjustments occur to maintain 

homeostasis, especially by autonomic control of heart rate. In COPD patients, the 

autonomic nervous system may be affected by increased respiratory effort, 

airway obstruction, recurrent hypoxemia, hypercapnia, systemic inflammation  

and the use of beta sympathomimetics 
(13)

. 
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COPD patients, compared with normal subjects, show an increased 

airway resistance even in the absence of clinically evident respiratory 

insufficiency. This increased airway resistance could increase the work of 

breathing, which in turn could affect autonomic nervous function even in the 

absence of any hypoxic neural damage. The quantification of the balance of 

sympathetic and parasympathetic nervous system activity may, therefore, be 

important in understanding the autonomic imbalance in COPD and might be 

useful in the treatment of COPD patients 
(14)

. 

Spontaneous fluctuations of heart rate is the reflection of interaction 

between the perturbations of the cardiopulmonary system and the response of its 

regulatory systems especially ANS
(14)

. 

COPD patients have autonomic dysfunction, most likely due to chronic 

hypoxemia, which contributes to the development of Cardio Vascular Disorders 

(CVD): increased resting heart rate, as well as an increased risk of arrhythmias, 

abnormal conduction and ectopic beats
(15)

. 

  Moreover, the autonomic nervous system is responsible for maintaining 

involuntary vital parameters, including blood pressure, heart rate, respiration, 

gastrointestinal secretions, and temperature control. 

Autonomic function can be directly assessed by monitoring and testing 

certain specific parameters of the neurophysiological condition. 
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These parameters include time and/ or frequency-domain analysis of heart 

rate variability, baroreceptor sensitivity, muscle sympathetic nerve activity, and 

sympathetic skin response. Heart rate variability, which is the variability in time 

and/or frequency of successive R waves of the heartbeats, reflects the integration 

between the cardiovascular system and the mechanisms it regulates. Moreover, 

HRV has been well recognized as a parameter for assessing autonomic function 

and quantifying sympathovagal balance for many decades
(16)

. 

ECG abnormalities showing conduction defects, were more prevalent in 

COPD patients than in those without COPD. In COPD patients heart rate was 

higher and QTc prolongation is less common
(17)

. The prevalence of ECG 

abnormalities increased with GOLD stage IV & stage V. COPD patients of stage 

IV & V with FEV1% 50% - 30% & < 30% respectively, were having more ECG 

abnormalities when compared to stage I & II 
(17)

. 

Cardiac arrhythmias are common in COPD patients. A poor prognosis has 

been noted in association with these arrhythmias, particularly ventricular 

arrhythmias. It is known that cardiac autonomic dysfunction, which is known to 

be disturbed in COPD patients, is important in the development of 

arrhythmias
(18)

.  

In addition, it is likely that abnormal activity of autonomic nerve 

innervations can contribute to airway narrowing in COPD, and may be relevant 

to the pathogenesis of COPD 
(19)

. 
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CONTROLLED BREATHING: 

A slow rate of breathing (in the range of 6 breaths/min) has several 

favourable effects on the cardiorespiratory system in patients with CHF (Chronic 

Heart Failure): It increases resting oxygen saturation, corrects 

ventilation/perfusion mismatching, and improves exercise tolerance by reducing 

the sensation of dyspnoea; it also reduces chemoreflex activation and muscle 

nerve sympathetic activity
(20)

. 

The increase in tidal volume, which compensates for the reduced 

breathing rate in order to maintain minute ventilation, could be responsible for 

these autonomic changes through a reduction in sympathetic activity or via the 

Hering-Breuer reflex
(21)

. 

The chemoreflex sensitivity is reduced by the slow breathing, thus adding 

another favourable effect on CHF
(22)

. 

The correction of hypoxemia can partially reverse these ANS 

abnormalities
(23)

. 

Acute hypoxemia stimulates arterial chemoreceptors and increases sympathetic 

nerve activity in healthy humans 
(24)

.  

The correlation of sympathetic muscle nerve activity with the degree of hypoxia 

is demonstrated by Saito et al
(25)

.  



8 

Furthermore, it has been demonstrated that cardiac autonomic modulation 

is improved favourably and significantly by short-term oxygen supplementation 

underlining the predominant role of hypoxemia in COPD patients with mild 

hypoxemia 
(26)

. 

Sinus Arrhythmia 

The figure shows a cardiotachometer recording of the heart rate, at first 

during normal and then (in the second half of the record) during deep respiration. 

A cardiotachometer is an instrument that records by the height of successive 

spikes the duration of the interval between the successive QRS complexes in the 

electrocardiogram. 

 

FIGURE 1: SINUS ARRHYTHMIA AS RECORDED BY A 

CARDIOTACHOMETER.  

To the left is the record when the subject was breathing normally; to the 

right, when breathing deeply. 
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Note from this record that the heart rate increased and decreased no more 

than 5 per cent during quiet respiration (left half of the record). Then, during 

deep respiration, the heart rate increased and decreased with each respiratory 

cycle by as much as 30 per cent. Sinus arrhythmia can result from any one of 

many circulatory conditions that alter the strengths of the sympathetic and 

parasympathetic nerve signals to the heart sinus node. In the “respiratory” type 

of sinus arrhythmia, this results mainly from “spillover” of signals from the 

medullary respiratory center into the adjacent vasomotor center during 

inspiratory and expiratory cycles of respiration. The spillover signals cause 

alternate increase and decrease in the number of impulses transmitted through 

the sympathetic and vagus nerves to the heart 
(27)

. 

During respiration, there is an increase in Heart rate (HR) during 

inspiration caused by the withdrawal of vagal tone, and decrease in HR during 

expiration caused by increased vagal activity on the sinus node. Cardiac health is 

reflected by an increase in the HR during the respiratory cycle 
(28)

.  

Previous research has demonstrated that the magnitude of respiratory 

sinus arrhythmia, which is known as an important marker of vagal tone, can be 

modulated by the variations in the respiratory rate and tidal volume 
(29)

.  

Respiratory arrest can occur in COPD patients, that can lead to Pulseless 

Electrical Activity and asystole, and ultimately Sudden Cardiac Death. Physical 

exercise is known to bring evident improvement in quality of life, exercise 
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tolerance, functional capacity and relieving symptoms of the disease and is 

widely recommended as part of the treatment for COPD patients 
(30)

. 

Compared to healthy people, patients with COPD, are more prone to develop 

ischemic heart disease, cardiac arrhythmias, and heart failure 
(31)

. 

HEART RATE VARIABILITY: 

Heart rate variability (HRV) is defined as the variation of time differences 

in milli seconds between consecutive heart beats over a given period of time 
(32)

. 

HRV is considered a tool of clinical importance that allows a simple and 

noninvasive assessment describing the oscillation of intervals between 

consecutive heart beats (RR intervals), which are related to the influences of the 

autonomic nervous system (ANS) on the sinus node, which can be used to 

identify phenomena related to the ANS
(33)

. 

The fluctuations in the intervals between consecutive heartbeats (RR 

intervals), is directly related to the performance of the ANS on the sinusal node 

(taskforce)
(34)

. It implies that cardiovascular problem has greater pre-disposition 

to occur in individual with low HRV. Under physiological conditions, the greater 

the HRV, better the health condition of the subject
(35)

. 

It yields several indices in time and frequency domains that quantify 

sympathetic and parasympathetic modulation of heart rate. Normal cardiac heart 

rate modulation has a parasympathetic dominance. Sympathetic dominance in 
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HRV, i.e. a shift in the balance towards the sympathetic, marks a poor prognosis 

in diabetes, heart failure, renal failure and post-myocardial state by predisposing 

to arrhythmias and sudden death
(36)

. 

Alterations of the inspiratory muscle length-tension relationship causes 

altered ergoreflex response (muscle spindles and Golgi bodies) in the diaphragm 

of COPD patients, which in turn increases the sympathetic vasoconstrictor 

activity of the cardiovascular adjustment center in the medulla 
(37)

. 

COPD has many extra-pulmonary effects contributes to its severity. As a 

part of the treatment of patients with chronic obstructive pulmonary disease 

(COPD), physical exercises are advised; however, details regarding cardiac 

autonomic modulation after an acute session of resistance exercise (RE) is 

unknown.  

The reduced exercise capacity of patients with chronic obstructive 

pulmonary disease (COPD) has been understood as a determinant of health status 

and an independent prognostic marker. Since it is characterized by lung 

hyperinflation, airflow limitation, and heterogeneous inflammatory injury to 

intrathoracic airways, exercise intolerance in COPD patients occurs mainly as a 

result of ventilatory factors (such as dynamic hyperinflation) and muscular 

factors (such as fatigue) and not cardiovascular factors. 
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Cardiac autonomic modulation is one of the many systemic 

manifestations that affect these patients. Morbidity and mortality of these COPD 

patients is decided by the changes in this cardiac autonomic modulation. These 

ANS changes result in reduced heart rate variability (HRV). 

Previous studies have shown that patients with COPD present decreased 

heart rate variability (HRV), with elevated heart rate, consistent with cardiac 

sympathetic activation. This exaggerated increase in muscle sympathetic nerve 

activity contributes to muscle hypoperfusion and play a role in limiting exercise 

tolerance in subjects with heart failure, and COPD 
(33)

.  

COPD often coexists with many other local and systemic complications 

including cachexia, osteoporosis, muscle wasting, heart failure, dementia and 

depression. These comorbidities are often associated with poor prognosis, 

increased morbidity, functional dependency and impaired quality of life. Cardiac 

autonomic neuropathy is an underreported comorbidity in COPD patients
(38)

.  

The regulation of respiratory rate and depth is under voluntary and 

autonomic nervous system under physiological conditions. But when there is 

shallow breathing due to COPD, the voluntary control becomes difficult since 

autonomic nervous system (sympathetic stimulated by chemoreceptors) tries to 

overtake and increase the respiratory rate in order to answer the unmet oxygen 

needs due to decreased ventilation of the hyperinflated bronchoconstricted 

emphysematous lungs.  
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The ANS gets dysregulated in trying to address the mechanically 

damaged bronchi, bronchioles and alveoli. The end result is sympathetic 

overactivity of ANS which is readily manifested in other systems controlled by it 

especially heart. This sort of ANS dysfunction and sympathetic hyperactivity 

occurs during acute exacerbations of COPD, and leaves certain chronic changes 

in heart rate. The documentation of this sympathetic hyperactivity in COPD 

patients compared to normal patients is the aim of the study. Also, by 

consciously increasing the depth and decreasing the respiratory rate and thus 

increasing tidal volume and decreasing residual volume & work of breathing, 

there is increase in ventilation and conservation of energy leading to 

unstimulated chemoreceptors and a balanced ANS. So, this effect of deep 

breathing on ANS in COPD patients can be documented through measuring 

variabilities in heart rate.  
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REVIEW OF LITERATURE 

HISTORY: 

Early history of COPD 

COPD (Chronic Obstructive Pulmonary Disease) in the past was known 

and described by physicians with different terms. In 1679, Swiss physician 

Théophile Bonet referred to “voluminous lungs.” In 1769, Italian anatomist 

Giovanni Morgagni reported 19 cases of “turgid” lungs.(49)In 1814, British 

physician Charles Badham identified chronic bronchitis as a disabling health 

condition and part of COPD. The excessive mucus that COPD produces.
(49)

                                   

Causes of COPD In 1821, the inventor of the stethoscope, physician René 

Laënnec, recognized emphysema as another component of COPD. 

Smoking during the early 1800s wasn’t commonplace, so Laënnec 

identified environmental factors, like air pollution, and genetic factors as the 

principal causes of the development of COPD. Today, smoking is one of the 

leading causes of COPD 
(49)

. 

Invention of the spirometer                                                                                                                             

In 1846, John Hutchinson invented the spirometer. This device measures 

vital lung capacity. Robert Tiffeneau, a French pioneer of respiratory medicine, 

built upon this invention around 100 years later, creating a more complete 

https://www.healthline.com/health/copd/understanding-chronic-bronchitis
https://www.healthline.com/health/auscultation
https://www.healthline.com/health/emphysema
https://www.healthline.com/health/quit-smoking
https://www.healthline.com/health/spirometry
https://www.healthline.com/health/how-to-increase-lung-capacity
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diagnostic instrument for COPD. The spirometer is still an essential tool 

in diagnosing COPD today
(49)

. 

DEFINING COPD : In 1959, a gathering of medical professionals called 

the Ciba Guest Symposium helped define the components that make up the 

definition and diagnosis of COPD as we know it today.                                                                                

In the past, COPD was referred to by names such as “chronic airflow 

obstruction” and “chronic obstructive lung disease.” Dr. William Briscoe is 

thought to be the first person to use the term “chronic obstructive pulmonary 

disorder” at the 9thAspen Emphysema Conference in June of 1965
(49)

. 

Smoking and COPD  : In 1976, Charles Fletcher, a physician who 

devoted his life to the study of COPD, linked smoking to the disease in his book 

“The Natural History of Chronic Bronchitis and Emphysema.” Along with his 

colleagues, Fletcher discovered that stopping smoking could help to slow the 

progress of COPD and that continuing to smoke would accelerate the 

progression of the disease
(49)

. 

RESPIRATORY SYSTEM: 

The air is distributed to the lungs by way of the trachea, bronchi, and 

bronchioles. One of the most important problems in all the respiratory 

passageways is to keep them open and allow easy passage of air to and from the 

alveoli. To prevent the trachea from collapsing, multiple cartilage rings extend 

about five sixths of the way around the trachea. In the walls of the bronchi, less 

https://www.healthline.com/health/copd/tests-diagnosis
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extensive curved cartilage plates also maintain a reasonable amount of rigidity 

yet allow sufficient motion for the lungs to expand and contract. These cartilage 

plates become progressively less extensive in the later generations of bronchi and 

are absent in the bronchioles, which usually have diameters less than 

1.5millimeters. The bronchioles are not prevented from collapsing by the rigidity 

of their walls. Instead, they are kept expanded mainly by the same 

transpulmonary pressures that expand the alveoli. That is, as the alveoli enlarge, 

the bronchioles also enlarge, but not as much
(27)

. 

The part of the lung distal to the terminal bronchiole is called the acinus; 

it is roughly spherical, with a diameter of about 7 mm. An acinus is composed of 

respiratory bronchioles (each of which gives off several alveoli from its sides), 

alveolar ducts, and alveolar sacs, the blind ends of the respiratory passages, 

whose walls are formed entirely of alveoli, which are the site of gas exchange. A 

cluster of three to five terminal bronchioles, each with its appended acinus, is 

referred to as the pulmonary lobule
(50)

. 
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FIGURE 2: STRUCTURAL COMPOSITION OF CONDUCTING AND 

RESPIRATORY ZONES OF RESPIRATORY SYSTEM 

 

 



18 

ALVEOLI: 

The 300 million alveoli, with a surface area of 50-100 m
2
 per lung, are the 

gas-exchanging structures of the lungs. They begin as outpouches of respiratory 

bronchioles but are found in greatest number in alveolar sacs.  

Alveoli are in intimate contact with the endothelial cells of the lung's 

extensive capillary system. The thin Type I pneumocytes make up most of the 

alveolar walls, while type II pneumocytes (5% if the cells) secrete surfactant to 

reduce surface tension and keep the alveoli inflated. Type II pneumocytes are 

capable of regeneration and differentiation into type I cells following injury. 

Macrophages live in alveoli. 

Diffusion of Gases Through the Respiratory Membrane Respiratory Unit 

(also called “respiratory lobule”), which is composed of a respiratory 

bronchiole, alveolar ducts, atria, and alveoli. There are about 300 million alveoli 

in the two lungs, and each alveolus has an average diameter of about 0.2 

millimeter. The alveolar walls are extremely thin, and between the alveoli is an 

almost solid network of interconnecting capillaries. Indeed, because of the 

extensiveness of the capillary plexus, the flow of blood in the alveolar wall has 

been described as a “sheet” of flowing blood. Thus, it is obvious that the alveolar 

gases are in very close proximity to the blood of the pulmonary capillaries. 

Further, gas exchange between the alveolar air and the pulmonary blood occurs 

through the membranes of all the terminal portions of the lungs, not merely in 
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the alveoli themselves. All these membranes are collectively known as the 

respiratory membrane, also called the pulmonary membrane. 

 

FIGURE 3: GROSS STRUCTURE OF RESPIRATORY ZONE 

 

FIGURE 4: LAYERS OF A RESPIRATORY MEMBRANE 
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The microscopic structure of the alveolar walls (or alveolar septa) consists of the 

following (50) 

•  An intertwining network of anastomosing capillaries lined with 

endothelial cells 

•  Basement membrane and surrounding interstitial tissue, which separate 

the endothelial cells from the alveolar lining epithelial cells. In thin 

portions of the alveolar septum, the basement membranes of epithelium 

and endothelium are fused, whereas in thicker portions they are separated 

by an interstitial space (pulmonary interstitium) containing fine elastic 

fibers, small bundles of collagen, a few fibroblast-like interstitial cells, 

smooth muscle cells, mast cells, and rare lymphocytes and monocytes. 

•  Alveolar epithelium, a continuous layer of two cell types: flattened, plate 

like type I pneumocytes, covering 95% of the alveolar surface, and 

rounded type II pneumocytes. Type II cells synthesize surfactant (which 

forms a very thin layer over the alveolar cell membranes) and are 

involved in the repair of alveolar epithelium through their ability to give 

rise to type I cells. 

•  Alveolar macrophages, loosely attached to the epithelial cells or lying free 

within the alveolar spaces. The alveolar walls are perforated by numerous 

pores of Kohn, which permit the passage of bacteria and exudate between 

adjacent alveoli(50). 
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Respiratory Membrane  

It also shows the diffusion of oxygen from the alveolus into the red blood 

cell and diffusion of carbon dioxide in the opposite direction.  

Despite the large number of layers, the overall thickness of the respiratory 

membrane in some areas is as little as 0.2 micrometer, and it averages about 0.6 

micrometer, except where there are cell nuclei. From histological studies, it has 

been estimated that the total surface area of the respiratory membrane is about 70 

square meters in the normal adult human male. This is equivalent to the floor 

area of a 25–by-30–foot room. The total quantity of blood in the capillaries of 

the lungs at any given instant is 60 to 140 milliliters. Now imagine this small 

amount of blood spread over the entire surface of a 25–by-30–foot floor, and it is 

easy to understand the rapidity of the respiratory exchange of oxygen and carbon 

dioxide. The average diameter of the pulmonary capillaries is only about 5 

micrometers, which means that red blood cells must squeeze through them. The 

red blood cell membrane usually touches the capillary wall, so that oxygen and 

carbon dioxide need not pass through significant amounts of plasma as they 

diffuse between the alveolus and the red cell. This, too, increases the rapidity of 

diffusion 
(27)

. 
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Factors that affect the rate of gas diffusion through the respiratory 

membrane 

Referring to the earlier discussion of diffusion of gases in water, one can 

apply the same principles and mathematical formulas to diffusion of gases 

through the respiratory membrane. Thus, the factors that determine how rapidly a 

gas will pass through the membrane are  

(1)  The thickness of the membrane,  

(2)  The surface area of the membrane,  

(3)  The diffusion coefficient of the gas in the substance of the membrane, and  

(4)  The partial pressure difference of the gas between the two sides of the 

membrane 
(27)

. 

The surface area of the respiratory membrane can be greatly decreased 

by many conditions. For instance, removal of an entire lung decreases the total 

surface area to one half normal. Also, in emphysema, many of the alveoli 

coalesce, with dissolution of many alveolar walls. Therefore, the new 

alveolar chambers are much larger than the original alveoli, but the total 

surface area of the respiratory membrane is often decreased as much as 

fivefold because of loss of the alveolar walls. When the total surface area is 

decreased to about one third to one fourth normal, exchange of gases through the 

membrane is impeded to a significant degree, even under resting conditions, and 
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during competitive sports and other strenuous exercise, even the slightest 

decrease in surface area of the lungs can be a serious detriment to respiratory 

exchange of gases 
(27)

. 

VENTILATION PERFUSION RATIO: 

Abnormal VA/Q in Chronic Obstructive Lung Disease 

Most people who smoke for many years develop various degrees of 

bronchial obstruction; in a large share of these persons, this condition eventually 

becomes so severe that they develop serious alveolar air trapping and resultant 

emphysema. The emphysema in turn causes many of the alveolar walls to be 

destroyed. Thus, two abnormalities occur in smokers to cause abnormal V/Q.  

First, because many of the small bronchioles are obstructed, the alveoli 

beyond the obstructions are unventilated, causing a V/Q that approaches zero. 

Second, in those areas of the lung where the alveolar walls have been 

mainly destroyed but there is still alveolar ventilation, most of the ventilation is 

wasted because of inadequate blood flow to transport the blood gases 
(27)

. 

Thus, in chronic obstructive lung disease, some areas of the lung 

exhibit serious physiologic shunt, and other areas exhibit serious physiologic 

dead space. Both these conditions tremendously decrease the effectiveness of the 

lungs as gas exchange organs, sometimes reducing their effectiveness to as little 
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as one tenth normal. In fact, this is the most prevalent cause of pulmonary 

disability today 
(27)

. 

Resistance to airflow in the bronchial tree  

Under normal respiratory conditions, air flows through the respiratory 

passageways so easily that less than 1 centimeter of water pressure gradient from 

the alveoli to the atmosphere is sufficient to cause enough airflow for quiet 

breathing. The greatest amount of resistance to airflow occurs not in the minute 

air passages of the terminal bronchioles but in some of the larger bronchioles and 

bronchi near the trachea. The reason for this high resistance is that there are 

relatively few of these larger bronchi in comparison with the approximately 

65,000 parallel terminal bronchioles, through each of which only a minute 

amount of air must pass. Yet in disease conditions, the smaller bronchioles often 

play a far greater role in determining airflow resistance because of their small 

size and because they are easily occluded by  

(1)  Muscle contraction in their walls,  

(2)  Edema occurring in the walls, or  

(3)  Mucus collecting in the lumens of the bronchioles 
(27)

. 
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Nervous and Local Control of the Bronchiolar Musculature -“Sympathetic” 

Dilation of the Bronchioles.  

Direct control of the bronchioles by sympathetic nerve fibers is relatively 

weak because few of these fibers penetrate to the central portions of the lung. 

However, the bronchial tree is very much exposed to norepinephrine and 

epinephrine released into the blood by sympathetic stimulation of the adrenal 

gland medullae. Both these hormones— especially epinephrine, because of its 

greater stimulation of beta-adrenergic receptors—cause dilation of the bronchial 

tree 
(27)

. 

Parasympathetic Constriction of the Bronchioles  

A few parasympathetic nerve fibers derived from the vagus nerves 

penetrate the lung parenchyma. These nerves secrete acetylcholine and, when 

activated, cause mild to moderate constriction of the bronchioles. Most of these 

begin with irritation of the epithelial membrane of the respiratory passageways 

themselves, initiated by noxious gases, dust, cigarette smoke, or bronchial 

infection
(27)

. 

Also, a bronchiolar constrictor reflex often occurs when microemboli 

occlude small pulmonary arteries. 
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Local Secretory Factors Often Cause Bronchiolar Constriction. 

Several substances formed in the lungs themselves are often quite active 

in causing bronchiolar constriction. Two of the most important of these are 

histamine and slow reactive substance of anaphylaxis. Both of these are released 

in the lung tissues by mast cells. The same irritants that cause parasympathetic 

constrictor reflexes of the airways—smoke, dust, sulphur dioxide, and some of 

the acidic elements in smog—often act directly on the lung tissues to initiate 

local, non-nervous reactions that cause obstructive constriction of the airways
(27)

. 

Mucus lining the respiratory passageways, and action of cilia to clear the 

passageways 

All the respiratory passages, from the nose to the terminal bronchioles, are 

kept moist by a layer of mucus that coats the entire surface. The mucus is 

secreted partly by individual mucous goblet cells in the epithelial lining of the 

passages and partly by small submucosal glands. In addition to keeping the 

surfaces moist, the mucus traps small particles out of the inspired air and keeps 

most of these from ever reaching the alveoli. The mucus itself is removed from 

the passages in the following manner. The entire surface of the respiratory 

passages, both in the nose and in the lower passages down as far as the terminal 

bronchioles, is lined with ciliated epithelium, with about 200 cilia on each 

epithelial cell. These cilia beat continually at a rate of 10 to 20 times per second 

by the mechanism, and the direction of their “power stroke” is always toward the 
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pharynx. That is, the cilia in the lungs beat upward, whereas those in the nose 

beat downward. This continual beating causes the coat of mucus to flow slowly, 

at a velocity of a few millimeters per minute, toward the pharynx. Then the 

mucus and its entrapped particles are either swallowed or coughed to the 

exterior
(27)

. 

Size of Particles Entrapped in the Respiratory Passages. 

The nasal turbulence mechanism for removing particles from air is so 

effective that almost no particles larger than 6 micrometers in diameter enter the 

lungs through the nose. This size is smaller than the size of red blood cells. Of 

the remaining particles, many that are between 1and 5 micrometers settle in the 

smaller bronchioles as a result of gravitational precipitation. For instance, 

terminal bronchiolar disease is common in coal miners because of settled dust 

particles. Some of the still smaller particles (smaller than 1 micrometer in 

diameter) diffuse against the walls of the alveoli and adhere to the alveolar fluid. 

But many particles smaller than 0.5 micrometer in diameter remain suspended in 

the alveolar air and are expelled by expiration. For instance, the particles of 

cigarette smoke are about 0.3 micrometer. Almost none of these particles are 

precipitated in the respiratory passageways before they reach the alveoli.  

Unfortunately, up to one third of them do precipitate in the alveoli by the 

diffusion process, with the balance remaining suspended and expelled in the 

expired air. Many of the particles that become entrapped in the alveoli are 

removed by alveolar macrophages, and others are carried away by the lung 
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lymphatics. An excess of particles can cause growth of fibrous tissue in the 

alveolar septa, leading to permanent debility
(27)

. 

Lung inflation signals limit inspiration—the hering-breuer inflation reflex 

In addition to the central nervous system respiratory control mechanisms 

operating entirely within the brain stem, sensory nerve signals from the lungs 

also help control respiration. Most important, located in the muscular portions of 

the walls of the was the first person to use the term “catarrh” to describe the 

ongoing cough and  bronchi and bronchioles throughout the lungs are stretch 

receptors that transmit signals through the vagi into the dorsal respiratory group 

of neurons when the lungs become overstretched. These signals affect inspiration 

in much the same way as signals from the pneumotaxic center; that is, when the 

lungs become overly inflated, the stretch receptors activate an appropriate 

feedback response that “switches off” the inspiratory ramp and thus stops further 

inspiration. This is called the Hering-Breuer inflation reflex. This reflex also 

increases the rate of respiration, as is true for signals from the pneumotaxic 

center.  

In human beings, the Hering-Breuer reflex probably is not activated until 

the tidal volume increases to more than three times normal (greater than about 

1.5 liters per breath). Therefore, this reflex appears to be mainly a protective 

mechanism for preventing excess lung inflation rather than an important 

ingredient in normal control of ventilation
(27)

. 
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Stimulation of the chemoreceptors by decreased arterial oxygen. 

When the oxygen concentration in the arterial blood falls below normal, 

the chemoreceptors become strongly stimulated. Note that the impulse rate is 

particularly sensitive to changes in arterial Po2 in the range of 60 down to 30 

mm Hg, a range in which haemoglobin saturation with oxygen decreases 

rapidly
(27)

. 

Effect of carbon dioxide and hydrogen ion concentration on chemoreceptor 

activity  

An increase in either carbon dioxide concentration or hydrogen ion 

concentration also excites the chemoreceptors and, in this way, indirectly 

increases respiratory activity. However, the direct effects of both these factors in 

the respiratory center itself are so much more powerful than their effects 

mediated through the chemoreceptors (about seven times as powerful) that, for 

practical purposes, the indirect effects of carbon dioxide and hydrogen ions 

through the chemoreceptors do not need to be considered. Yet there is one 

difference between the peripheral and central effects of carbon dioxide: the 

stimulation by way of the peripheral chemoreceptors occurs as much as five 

times as rapidly as central stimulation, so that the peripheral chemoreceptors 

might be especially important in increasing the rapidity of response to carbon 

dioxide at the onset of exercise
(27)

. 
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Effect of Irritant Receptors in the Airways. 

The epithelium of the trachea, bronchi, and bronchioles is supplied with 

sensory nerve endings called pulmonary irritant receptors that are stimulated by 

many incidents. They may also cause bronchial constriction in such diseases as 

asthma and emphysema 
(27)

. 

Mechanisms of Excitation of the Heart by the Sympathetic Nerves.  

Strong sympathetic stimulation can increase the heart rate in young adult 

humans from the normal rate of 70 beats per minute up to 180 to 200 and, rarely, 

even 250 beats per minute
(27)

. 

Parasympathetic (Vagal) Stimulation of the Heart.  

Strong stimulation of the parasympathetic nerve fibers in the vagus nerves 

to the heart can stop the heartbeat for a few seconds, but then the heart usually 

“escapes” and beats at a rate of 20 to 40 beats per minute as long as the 

parasympathetic stimulation continues. In addition, strong vagal stimulation can 

decrease the strength of heart muscle contraction by 20 to 30 percent
(27)

. 

COPD: 

Chronic obstructive pulmonary disease (COPD) is defined as a disease 

state characterized by not fully reversible type of airflow limitation
(1)

. COPD 

includes chronic bronchitis, a clinically defined condition with phlegm and 

chronic cough; emphysema, an anatomically defined condition characterized by 
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destruction and enlargement of the lung alveoli; and small airways disease, a 

condition in which narrowing of small bronchioles occurs. Chronic bronchitis 

without chronic airflow obstruction is not included within COPD
(10)

. 

Chronic Obstructive Pulmonary Disease (COPD) is characterized by 
(51)

: 

 chronic cough 

 increased sputum 

 progressive difficulty in breathing (dyspnoea) 

The following causes are worth considering 
(51)

: 

 Long-time smoking and resultant damage to the lung tissue 

 Passive smoking 

 Long-time exposure to polluted environments (for example: smoke, dust, 

waste gases, etc.) 

 Asthma (also caused by allergies) 

 Respiratory tract infections in children 

The consequences are 
(51)

: 

 Reduced oxygen uptake in the blood through the respiratory membrane. 

 Decreased energy production in the cells (mitochondria = power plants of 

cells), along with lack of physical performance. 
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 Hyperinflation of the alveoli (air sacs) resulting in reduced surface area 

for gas exchange. 

 Repeated formation of mucus, which must be removed through coughing. 

 A significant reduction in quality of life and diverse restrictions in daily 

life. 

 The perspective that the disease is progressive and incurable. 

Genetic Considerations 

Although the major environmental risk factor for the development of 

COPD is cigarette smoking, the development of airflow obstruction is highly 

variable in smokers. A proven genetic risk factor for COPD is Alpha 1 

antitrypsin (alpha 1 AT) deficiency; there is increasing evidence that other 

genetic determinants also exist
(10)

. 

PATHOPHYSIOLOGY 

Forced expiratory flow rates is reduced and persistent, which is the most 

typical finding in COPD. Nonuniform distribution of ventilation, increases in the 

residual volume and the residual volume/total lung capacity ratio and ventilation-

perfusion mismatching also occur. 

 

 



33 

Airflow Obstruction 

Airflow limitation, also known as airflow obstruction, is typically 

determined by spirometry. It involves forced expiratory manoeuvres after the 

subject has inhaled to total lung capacity. FEV1 and the total volume of air 

exhaled during the entire spirometric manoeuvre [forced vital capacity (FVC)] 

are the key parameters obtained from spirometry. COPD patients with airflow 

obstruction have a chronically reduced ratio of FEV1/FVC. In contrast to 

asthma, inhaled bronchodilators increase the reduced FEV1 in COPD, although 

improvements up to 15% are common. Asthma patients also develops chronic 

airflow obstruction, that is not fully reversible. Airflow during forced exhalation 

is the result of the balance between the resistance of the airways limiting flow 

and the elastic recoil of the lungs promoting flow. In normal lungs, as well as in 

lungs affected by COPD, maximal expiratory flow diminishes as the lungs empty 

because the cross-sectional area of the airways falls, raising the resistance to 

airflow and because lung parenchyma provides progressively less elastic recoil. 

The decrease in flow coincident with decreased lung volume is readily apparent 

on the expiratory limb of a flow volume curve. In the early stages of COPD, the 

abnormality in airflow is only evident at lung volumes at or below the functional 

residual capacity (closer to residual volume), that appears as a scooped-out lower 

part of the descending limb of the flow-volume curve. In more advanced stages 

in COPD patients, the entire curve has decreased expiratory flow compared to 

normal
(10)

. 
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Hyperinflation 

In pulmonary function testing, lung volumes are also routinely assessed. 

In COPD there is often progressive hyperinflation (increased total lung capacity) 

and air trapping (increased residual volume and increased ratio of residual 

volume to total lung capacity) late in the disease. Maximum expiratory airflow is 

preserved by hyperinflation of the thorax during tidal breathing, because as lung 

volume increases, elastic recoil pressure increases, and airways enlarge so that 

airway resistance decreases
(10)

.  

Hyperinflation pushes the diaphragm into a flattened position, despite 

compensating for airway obstruction, with a number of adverse effects.  

1. By decreasing the zone of apposition between the abdominal wall and the 

diaphragm, positive abdominal pressure during inspiration is not applied 

as effectively to the chest wall, impairing inspiration by hindering rib cage 

movement.  

2. They are less capable of generating inspiratory pressures than normal, 

because the muscle fibers of the flattened diaphragm are shorter than 

those of a more normally curved diaphragm. 

3. The flattened diaphragm (with increased radius of curvature, r) must 

generate greater tension (t) to develop the transpulmonary pressure (p) 

required to produce tidal breathing. This follows from Laplace's law, p = 

2t/r. Also, because the thoracic cage is distended beyond its normal 
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resting volume, during tidal breathing the inspiratory muscles must do 

work to overcome the resistance of the thoracic cage to further inflation 

instead of gaining the normal assistance from the chest wall recoiling 

outward toward its resting volume
(10)

. 

Gas Exchange 

The PaO2 usually remains near normal until the FEV1 is decreased to 

~50% of predicted, and even much lower FEV1 values can be associated with a 

normal PaO2, at least at rest. An elevation of arterial level of carbon dioxide 

(PaCO2) is not expected until the FEV1 is <25% of predicted and even then may 

not occur
(10)

.  

PATHOLOGY: 

Inhaled cigarette smoke and other noxious particles cause lung damage 

and inflammation, which results in parenchymal destruction (emphysema) and 

airway disease (bronchiolitis and chronic bronchitis). Factors that influence the 

development of emphysema include the following  

• Inflammatory mediators and leukocytes. A wide variety of mediators have 

been shown to be increased in the affected parts (including leukotriene 

B4, IL-8, TNF, and others) These mediators are released by resident 

epithelial cells and macrophages, and attract inflammatory cells from the 

circulation (chemotactic factors), amplify the inflammatory process 



36 

proinflammatory cytokines) and induce structural changes (growth 

factors). 

•  Protease-antiprotease imbalance. Several proteases are released from the 

inflammatory cells and epithelial cells that break down connective tissue 

components. In patients who develop emphysema, there is a relative 

deficiency of protective antiproteases, which in some instances have a 

genetic basis. 

•  Oxidative stress. Substances in tobacco smoke, alveolar damage, and 

inflammatory cells all produce oxidants, which may beget more tissue 

damage and inflammation. The role of oxidants is supported by mouse 

models in which the NRF2 gene is inactivated. NRF2 encodes a 

transcription factor that serves as a sensor for oxidants in alveolar 

epithelial cells and many other cells types. Intracellular oxidants activate 

NRF2, which upregulates the expression of multiple genes that protect 

cells from oxidant damage. Mice without NRF2 are significantly more 

sensitive to tobacco smoke than normal mice, and genetic variants in 

NRF2, NRF2 regulators, and NRF2 target genes are all associated with 

smoking-related lung disease in humans. 

•  Infection. Although infection is not thought to play a role in the initiation 

of tissue destruction, bacterial and/or viral infections may exacerbate the 

associated inflammation and chronic bronchitis
(50)

. 
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FIGURE 5: PATHOPHYSIOLOGY OF COPD 
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INFLAMMATION AND EXTRACELLULAR MATRIX PROTEOLYSIS 

Under normal conditions macrophages patrol the lower air space. 

Macrophages become activated on exposure to oxidants from cigarette smoke 

and produces proteinases and chemokines that attract other inflammatory cells. 

One mechanism of macrophage activation occurs via oxidant-induced histone 

deacetylase-2 inactivation, shifting the balance toward loose chromatin or 

acetylated, exposing nuclear factor B sites and resulting in transcription of 

MMPs, (IL-8), and (TNF-β); this leads to neutrophil recruitment. Cigarette 

smoke causes CD8+ T cells to accumulate and release interferon inducible 

protein-10 (IP-10, CXCL-7) that in turn leads to macrophage elastase [matrix 

metalloproteinase-12 (MMP-12)] production by macrophage. Serine proteinases 

and matrix metalloproteinases work together by degrading the inhibitor of the 

other, leading to lung destruction. Proteolytic cleavage products of elastin acts as 

a macrophage chemokine, fuelling this destructive positive feedback loop. 

Increased lymphoid follicles and B cells are present in patients, particularly those 

with advanced disease. Concomitant macrophage phagocytosis impairment and 

cigarette smoke–induced loss of cilia in the airway epithelium predispose to 

bacterial infection with neutrophilia
(10)

. 
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CELL DEATH 

Disappearance of both extracellular matrix and cells is the obvious reason 

of air space enlargement and loss of alveolar units. Increased oxidant stress by 

cigarette smoke and inflammation can lead to cell death. Uptake of apoptotic 

cells by macrophages results in halting of inflammation and production of 

growth factors, promoting lung repair. Repair is limited by cigarette smoke 

impairing macrophage uptake of apoptotic cells
(10)

. 

INEFFECTIVE REPAIR 

The ability to repair damaged alveoli of the adult lung appears limited. It 

is unlikely that the process of septation that is responsible for alveologenesis 

during lung development can be reinitiated. The capacity of stem cells to 

repopulate the lung is under active investigation. It appears difficult for an adult 

human to completely restore an appropriate extracellular matrix, particularly 

functional elastic fibers. 

Bronchoalveolar lavage fluid from COPD patients, especially smokers, 

contains roughly five times as many macrophages as lavage from nonsmokers. In 

smokers' lavage fluid, neutrophils, nearly absent in nonsmokers' lavage, account 

for 1–2% of the cells and macrophages comprise >95% of the total cell count. T 

lymphocytes, are also increased in the alveolar space of smokers, particularly 

CD8+ cells 
(10)

. 
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FIGURE 6: STRUCTURAL DERANGEMENTS IN COPD PATIENTS 

 

FIGURE 7: BRONCHIOLAR AND ALVEOLAR DESTRUCTION IN 

COPD PATIENTS 
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Emphysema is characterized by an irreversible enlargement of the 

airspaces distal to the terminal bronchiole, along with destruction of their walls 

without obvious fibrosis.  

Small airway fibrosis (distinct from chronic bronchitis) has recently been 

to shown to be present in patients with emphysema; it is a significant contributor 

to airflow obstruction. 

Emphysema is classified according to its anatomic distribution within the 

lobule. Recall that the lobule is a cluster of acini, the terminal respiratory units. 

Based on the segments of the respiratory units that are involved, emphysema is 

classified into four major types:  

(1) centriacinar, (2) panacinar, (3) paraseptal, and (4) irregular.  

Of these, only the first two cause clinically significant airflow 

obstruction
(50)

.  

Centriacinar emphysema is the most common form, constituting more 

than 95% of clinically significant cases. 

The idea that proteases are important is based in part on the observation 

that patients with a genetic deficiency of the antiprotease α1-antitrypsin have a 

markedly enhanced tendency to develop pulmonary emphysema, which is 

compounded by smoking.  
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About 1% of all patients with emphysema have this defect. α1-antitrypsin, 

normally present in serum, tissue fluids, and macrophages, is a major inhibitor of 

proteases (particularly elastase) secreted by neutrophils during inflammation. α1-

antitrypsin is encoded by the proteinase inhibitor (Pi) locus on chromosome 14. 

More than 80% of these individuals develop symptomatic panacinar emphysema, 

which occurs at an earlier age and is of greater severity if the individual 

smokes
(50)

.  

Over inflation in obstructive lesions occurs either  

(1) Because the obstructive agent acts as ball valve, allowing air to enter on 

inspiration while preventing its exodus on expiration, or  

(2) Because collaterals bring in air behind the obstruction. These collaterals 

consist of the pores of Kohn and other direct accessory bronchioloalveolar 

connections (the canals of Lambert). Obstructive overinflation can be a 

life-threatening emergency, because the affected portion distends 

sufficiently to compress the remaining lung. 
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TABLE 1: STAGES OF COPD BY GOLD CRITERIA 

GOLD 

STAGE 
SEVERITY SYMPTOMS 

SPIROMETRY 

 

0 At Risk 

Chronic cough, 

sputum 

Production. 

Normal 

I Mild 

With or without 

chronic cough or 

sputum production. 

FEV1 ≥ 80% predicted and  

FEV1/FVC <0.7. 

IIA 

 
Moderate. 

With or without 

chronic cough or 

sputum production. 

50% ≤ FEV1 < 80% predicted 

and FEV1/FVC <0.7 

III 

 
Severe 

With or without 

chronic cough or 

sputum production. 

30% ≤ FEV1 < 50% predicted 

and FEV1/FVC <0.7. 

IV 

Very 

Severe. 

 

With or without 

chronic cough or 

sputum production. 

 

FEV1 <30% predicted or FEV1 

<50% predicted with 

respiratory failure or signs of 

right heart failure and 

FEV1/FVC <0.7. 

 

Clinical Course. Symptoms do not appear until at least one third of the 

functioning pulmonary parenchyma is damaged. Dyspnea usually appears first, 

beginning insidiously but progressing steadily. In some patients, cough or 

wheezing is the chief complaint, easily confused with asthma. Cough and 

expectoration are extremely variable and depend on the extent of the associated 

bronchitis. Weight loss is common and can be so severe as to suggest an occult 

cancer. Classically, the patient with severe emphysema is barrel-chested and 

dyspneic, with obviously prolonged expiration, sits forward in a hunched-over 
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position, and breathes through pursed lips. Impaired expiratory airflow, best 

measured through spirometry, is the key to diagnosis. In individuals with severe 

emphysema, cough is often slight, overdistention is severe, diffusion capacity is 

low, and blood gas values are relatively normal at rest. Such patients may over 

ventilate and remain well oxygenated, and therefore are somewhat ingloriously 

designated pink puffers. Development of cor pulmonale and eventually 

congestive heart failure, related to secondary pulmonary hypertension, is 

associated with a poor prognosis.  

CHRONIC BRONCHITIS 

Chronic bronchitis is defined clinically as persistent cough with sputum 

production for at least 3 months in at least 2 consecutive years, in the absence of 

any other identifiable cause. Common in habitual smokers and inhabitants of 

smog-laden cities, chronic bronchitis is one end of the spectrum of COPD, with 

emphysema being the other. Most patients lie somewhere in between, having 

features of both. When chronic bronchitis persists for years, it may accelerate 

decline in lung function, lead to cor pulmonale and heart failure, or cause 

atypical metaplasia and dysplasia of the respiratory epithelium, providing a rich 

soil for cancerous transformation. 

Pathogenesis. The primary or initiating factor in the genesis of chronic 

bronchitis is exposure to noxious or irritating inhaled substances such as tobacco 

smoke (90% of patients are smokers) and dust from grain, cotton, and silica. 
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•  Mucus hypersecretion.  

•  Inflammation.  

•  Infection. 

Infection does not initiate chronic bronchitis, but is probably significant in 

maintaining it and may be critical in producing acute exacerbations. It should be 

recognized that cigarette smoke predisposes to chronic bronchitis in several 

ways. Not only does it damage airway lining cells, leading to chronic 

inflammation, but it also interferes with the ciliary action of the respiratory 

epithelium, preventing the clearance of mucus and increasing the risk of 

infection.  Grossly, there is hyperaemia, swelling, and edema of the mucous 

membranes, frequently accompanied by excessive mucinous or mucopurulent 

secretions. Sometimes, heavy casts of secretions and pus fill the bronchi and 

bronchioles. The characteristic features are mild chronic inflammation of the 

airways (predominantly lymphocytes) and enlargement of the mucus-secreting 

glands of the trachea and bronchi.  

Although the numbers of goblet cells increase slightly, the major change 

is in the size of mucous glands (hyperplasia). This increase can be assessed by 

the ratio of the thickness of the mucous gland layer to the thickness of the wall 

between the epithelium and the cartilage (Reid index). The Reid index (normally 

0.4) is increased in chronic bronchitis, usually in proportion to the severity and 

duration of the disease. The bronchial epithelium may exhibit squamous 
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metaplasia and dysplasia. There is marked narrowing of bronchioles caused by 

mucus plugging, inflammation, and fibrosis. In the most severe cases, there may 

be obliteration of lumen due to fibrosis (bronchiolitis obliterans). 

Clinical Features : The cardinal symptom of chronic bronchitis is a 

persistent cough productive of sparse sputum. For many years no other 

respiratory functional impairment is present, but eventually dyspnea on exertion 

develops. With the passage of time, and usually with continued smoking, other 

elements of COPD may appear, including hypercapnia, hypoxemia, and mild 

cyanosis (“blue bloaters”). Differentiation of pure chronic bronchitis from that 

associated with emphysema can be made in the classic case, but, as has been 

mentioned, many patients with COPD have both conditions. Long-standing 

severe chronic bronchitis commonly leads to cor pulmonale and cardiac failure. 

Death may also result from further impairment of respiratory function due to 

superimposed acute infections 
(50)

. 
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TABLE 2: COMPARISON OF FEATURES OF CHRONIC BRONCHITIS 

AND EMPHYSEMA 

 

PREDOMINANT 

BRONCHITIS 

 

PREDOMINANT 

EMPHYSEMA 

 

Age (in years) 40-45 50-75 

Dyspnoea Mild; late Severe; early 

Cough Early; copious sputum Late; scanty sputum 

Infections Common Occasional 

Respiratory 

insufficiency 
Repeated Terminal 

Cor pulmonale Common Rare; terminal 

Airway resistance Increased Normal or slightly increased 

Elastic recoil Normal Low 

Chest radiograph 
Prominent vessels; 

large heart 

Hyperinflation; small heart 

 

Appearance Blue bloater Pink puffer 

 

Airflow Obstruction Due to Decreased Elastic Recoil—Example: Severe 

Emphysema 

Loss of lung elastic recoil in severe emphysema results in pulmonary 

hyperinflation, of which elevated TLC is the hallmark. FRC is more severely 

elevated due both to loss of lung elastic recoil and to dynamic hyperinflation (the 

same phenomenon as auto PEEP, which is the unintended positive end-

expiratory pressure). Residual volume is very severely elevated due to airway 
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closure and because exhalation toward RV may take so long that RV cannot be 

reached before the patient must inhale again. Both FVC and FEV1 are markedly 

decreased, the former due to the severe elevation of RV, and the latter because 

loss of lung elastic recoil reduces the pressure driving maximal expiratory flow 

and also reduces tethering open of small intrapulmonary airways. The flow-

volume loop demonstrates marked scooping of the flow-volume loop, with an 

initial transient spike of flow attributable largely to expulsion of air from 

collapsing central airways at the onset of forced exhalation. Otherwise, the 

central airways remain relatively unaffected, so Raw is normal in "pure" 

emphysema. Loss of alveolar surface and capillaries in the alveolar walls reduces 

DLCO, but because poorly ventilated emphysematous acini are also poorly 

perfused (due to loss of their capillaries), arterial hypoxemia is usually not seen 

at rest until emphysema becomes very severe. However, during exercise, PaO2 

may fall precipitously if extensive destruction of the pulmonary vasculature 

prevents a sufficient increase in cardiac output and mixed venous oxygen content 

falls substantially. Under these circumstances, any venous admixture through 

low V/Q units has a particularly marked effect in lowering mixed arterial oxygen 

tension
(10)

. 
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SYSTEMIC MANIFESTATIONS & COMORBIDITIES
(52)

 : 

 Skeletal muscle wasting 

 Cachexia: loss of fat-free mass 

 Lung cancer (small cell, non-small cell) 

 Pulmonary hypertension 

 Ischaemic heart disease: endothelial dysfunction 

 Congestive cardiac failure 

 Osteoporosis 

 Normocytic anaemia 

 Diabetes 

 Metabolic syndrome 

 Obstructive sleep apnoea 

 Depression 

The pathophysiological link between Heart Failure and COPD is low-

grade systemic inflammation. The changes that occur  

In the large airways are: inflammation, impaired mucociliary clearance, 

remodelling, bronchial wall connective tissue deposition; 

In small airways: inflammation, smooth muscle contraction, bronchial 

hyperresponsiveness, remodelling, peribronchial fibrosis, elastic fibre rupture, 

small conducting airway loss;  
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In alveolus: inflammation, macrophages and monocytes increased 

number, alveolar wall destruction, loss of acinar tethering, alveolar collapse, 

parenchymal airspace enlargement, reduced gas exchange surface, bubbles 

formation. At the alveolar interface, pulmonary capillary failure, disruption of 

the alveolar-capillary interface, thickening of the capillary endothelial and 

alveolar epithelial cell basement membranes appear, that in the end lead to 

reduced diffusing capacity, alteration of gaseous exchanges, hypoxaemia, and 

hypercapnia. The obstructive syndrome is caused by chronic bronchitis, with 

interstitial and submucosal oedema, and fibrous remodelling, that compress and 

obstruct the airways; also, destruction of pulmonary tissue in the alveolar walls, 

with the appearance of emphysema bubbles, leads to the impossibility of 

completely eliminating the inspired air. The air remains seized in the emphysema 

bubbles, leading to hyperinflation
(53)

. 

The risk of coronary heart disease is greatest in patients with elevated 

values of the C-reactive protein and airflow obstruction. Individuals with stable 

COPD have a low-grade, chronic systemic inflammation, which favours 

systemic atherosclerosis due to C-reactive protein (CRP) and tumour necrosis 

factor a (TNF-a) increased values and the development of ischaemic heart 

disease. On the other hand, acute inflammation has several cardiovascular 

effects: increases neutrophils and fibrinogen values, which lead to a procoagulant 

status and cause autonomic nervous system disorders that favour arrhythmias. 
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COPD is often associated with pulmonary arterial hypertension, which leads to 

right HF and in time to left HF
(53)

. 

Pulmonary hypertension severe enough to cause cor pulmonale and right 

ventricular failure due to COPD typically occurs in individuals who have marked 

chronic hypoxemia (PaO2 <55 mmHg) and decreases in FEV1 (<25% of 

predicted); however, recent evidence shows that some patients will develop 

significant pulmonary hypertension independent of COPD severity
(10)

. 

This hitherto little known and little noticed knowledge provides new ways of 

thinking and successful therapeutic approaches. 

Just as a heating system with several radiators in different rooms is 

controlled and regulated by a supervisory control center, there is a superordinate 

control organ in the body – the autonomic (or vegetative) nervous system (ANS); 

consisting of the two main nerves, the sympathetic and parasympathetic nerve. 

The ANS receives and processes information/feedback from the nervous system, 

endocrine system, immune system, sensory organs, the psyche, etc. It 

continuously responds to prevalent conditions and sends commands to the 

subordinate systems such as the heart, circulatory system, kidneys, liver and 

lungs, down to the cellular level, for example the alveoli (air sacs).  
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The detection of an acute threat, for instance, activates the sympathetic 

nervous system to alert all the organs, cells and control systems in the body to 

this hazardous situation. It is important that the alveoli are enlarged when we go 

into that state of alert, preparing for a fight-flight-response, so that they absorb 

more oxygen through the lungs and can provide sufficient energy for a successful 

“fight or flight”. This simple strategy is essential for survival, and is proven since 

the dawn of mankind, both in humans and in animals. Following a “fight or 

flight” situation which, in nature, only lasts for a few seconds, minutes or hours, 

the parasympathetic nervous system (relaxation nerve) becomes active and 

provides for recreation, regeneration, regaining energy, and repair of wounds or 

injuries (if any). The overinflated alveoli return to their normal size. The constant 

change between tension and relaxation is the natural way of our bodies to 

perform at their best and to subsequently regenerate 
(51)

. 

Sympathetic and parasympathetic impact on the alveoli 

Our lungs contain millions of tiny alveoli (air sacs), which are regulated 

and controlled by the superordinated autonomic nervous system. They are 

responsible for the uptake of oxygen from the air into the blood. These alveoli 

are not rigid and inflexible, but can and must adapt their size and shape to the 

current situation. This becomes apparent, for example, in a situation of imminent 

danger when the sympathetic nerve suddenly becomes dominant and the alveoli 

are enlarged in a fraction of a second, so that the cells are immediately supplied 

with more oxygen. Hazardous situations, according to the ANS, are not only 
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genuine threats such as an accident or a physical attack, but also unconscious 

risks such as stress caused by work, family, environment or media influences. 

The biological target is the increased energy production (ATP = adenosine 

triphosphate) in the mitochondria for successfully triggering the fight-or-flight 

reflex. Once the dangerous situation has been successfully averted, the 

parasympathetic nerve becomes dominant and the hyperinflated alveoli contract 

back to their normal size. This constant dynamic interplay of enlargement and 

reduction of the alveoli enables us to survive – in the same way as food intake 

and excretion or inhaling and exhaling. Both these poles belong together and are 

mutually dependent
(51)

. 

The principles of cause and effect, action and reaction, are important 

survival mechanisms that have been optimized and perfected in the course of 

evolution. 

In order that an action may be followed by a sensible biological and 

physiological reaction, the control organ (ANS) must remain operational and be 

kept free of foreign influences. All our senses, internal sensors and information 

channels continuously provide countless information, collected and processed by 

our autonomous nervous system in order to subsequently efficiently control the 

subordinate organs and organ systems. Many COPD drugs act directly on the 

autonomic nervous system and thus “obscure the view“ or force the autonomic 

nervous system to stimulate the organs biasedly, leading over time to ever-

increasing impairments
(51)

. 
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DIAGNOSIS
(51)

: 

The diagnosis of COPD is based on the results of pulmonary function 

tests and the patient’s symptoms. Heart rate variability (HRV) is reduced in all 

patients suffering from moderate COPD. This means the ability of the autonomic 

(sympathetic/parasympathetic) nervous system in regulation of variability in HR 

is limited. As the disease progresses, HRV deteriorates even further. 

Mohamed et al, a case control study done in 26 COPD patients in 2018 

says it found a significantly lowered RR intervals in COPD patients compared to 

Controls
(54)

. 

Volterrani et al done a case control study in 31 COPD patients at 1994. It 

reported that many alterations in cardiac autonomic function were observed 

among patients with COPD; for example, elevated resting heart rate, reduced 

heart rate variability, and post-exertional abnormality in heart rate recovery. 

Chronic sympathetic stimulation may be associated with a down-regulation of 

beta-receptors
(14)

. 

Von gestel et al done a review analysis in 2010. It reports that besides 

hypoxemia, the activity of the sympathetic system in patients with COPD could 

be affected by many factors including increased respiratory effort, systemic 

inflammation hypercapnia, increased intrathoracic pressure swings as a result of 

airway obstruction, and the use of beta sympathomimetics. Adverse 

cardiovascular effects of sympathetic excitation that are relevant in COPD 
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include endothelial dysfunction, arterial stiffness, left ventricular hypertrophy 

and supraventricular and ventricular arrhythmias
(55)

.  

Rasheedy et al done a cross-sectional study on 175 elderly male patients 

with COPD in 2016. It reported a total of 69.14% of the participants presented 

with comorbidities (group 1), whereas 30.85% of the participants reported no 

comorbidity (group 2). Among the participants, the most prevalent comorbid 

diseases were hypertension (34.20%), cor pulmonale (31.42%), ischemic heart 

disease (20.00%), diabetes (18.28%) and congestive heart failure (13.70%). In 

group 2, 29.60% and 22.20% of the patients had early and definite cardiac 

autonomic neuropathy (CAN) respectively. CAN occurred early in the course of 

the disease with 40.90% of mild COPD cases being affected. The patients with 

definite CAN had the highest resting heart rate. The presence of CAN was 

related to hypercapnia, but not hypoxemia or COPD severity. This is consistent 

with previous results that suggested that decreased heart rate variability is 

common in patients with COPD after the exclusion of other causative factors
(38)

. 

Chabbra et al done a case control study in 63 stable COPD patients in 

2015. It reports that HRV indices were associated with the several clinical and 

physiological measures of disease severity. The serum markers of systemic 

inflammation, hs-CRP and IL-6, were increased in patients. A measure of 

parasympathetic activity, pNN50, had a significant negative correlation with 

serum IL-6 levels while LF/HF ratio, a measure of sympathetic/parasympathetic 

balance, had a direct correlation with it. These observations suggest that 
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sympathetic activity in COPD is associated with systemic inflammation. In 

conclusion, there is increased modulation of heart rate in stable patients with 

COPD with an overall sympathetic dominance. This associated with systemic 

inflammation and decreased diffusion capacity
(36)

. 

Chen et al done a case control study in 30 COPD patients in 2006. It 

reported though global HRV measures were all significantly decreased, the 

LFP/HFP and HF nu of COPD patients were not significantly different from 

those of normal controls. A negative correlation exists between arterial partial 

pressure of O2 (PaO2) and HF nu and a positive correlation between PaO2 and 

LF/HF in COPD patients. Depressed sympathetic activity and enhanced cardiac 

vagal activity in COPD patients with chronic hypoxemia were not associated 

with the degree of airway narrowing
(19)

. 

Taranto-Montemurro et al done a case control study in 14 COPD patients. 

It reported that in COPD patients, augmented sympathetic autonomic discharges 

is justified by sustained hypoxemia, and by increasing peripheral chemoreceptor 

activity. In addition, increased sympathetic autonomic activity in COPD patients 

is also due to oxidative stress, by stimulating metabo-receptors, and lung 

hyperinflation, throughout decreasing baroreflex sensitivity. Greater values of 

RV is the reason in COPD patients for the pulmonary hyperinflation, which have 

been linked to impaired baroreflex sensitivity and, lastly, to an increased 

sympathetic autonomic outflow
(56)

. 
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A case control study was done by Carvalho and co-workers in 15 COPD 

patients at 2011. It reported that in COPD patients both HF power and LF power 

are reduced, together with LF/HF ratio, indicating an overall loss of ANS 

influence on HRV as compared with healthy controls
(57)

. 

Heart rate variability was assessed next to the QTc interval by Tukek et 

al.(58)., Yildiz et al., and Zupanic et al
(59)

. These studies found that heart rate 

variability was significantly decreased in COPD patients.  

A case control study was done by Stewart et al., in 34 COPD patients on 

1995. Its report says  that reduced heart rate variability is indicative of an 

increased sympathetic tone and a reduced vagal tone, which might be pathways 

from COPD to an increased Sudden Cardiac Death (SCD) risk
(60)

.  

Vanden berg et al done a systematic review in 2016 and concluded that 

the accumulating evidence associates COPD with an increased risk of SCD. 

Asystole and (Pulseless Electrical Activity) PEA could be more common than 

VT/VF in COPD-associated deaths
(12)

. 

Reis et al done a case control study in 10 COPD patients on 2010.It has 

been observed in many chronic disease populations; sympathetic tone is favoured 

by the sympathetic-vagal balance of the sinus node impaired. In COPD, the 

coexistence of loss of the lungs’ elastic recoil and the airflow limitation results in 

modifications to the breathing pattern and in the capacity and volume of the 

lungs. For this reason, a series of adjustments through the interaction between the 
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cardiopulmonary control centre, especially in the autonomic nervous system and 

the peripheral-central receptors occur to guarantee the body’s homeostasis. 

Inspiratory muscle weakness occurs in these patients due to alterations in cardiac 

autonomic control of HR 
(28)

. 

Kleiger et al., done a review on HRV, which says reduced HRV has been 

associated with increased sympathetic and decreased vagal  modulation, as well 

as with poor cardiovascular outcome in a number of clinical conditions
(61)

. 

Criner et al done a review on COPD and Heart in 2010. It reports that 

hyperinflation in COPD may lead to decrease of the ventricular size and 

function, with decreased stroke volume and cardiac output. As a result, this may 

cause an increase in heart rate and tachycardia
(62)

.  

Mohammed et al done a systematic review in 33 journals relating 

autonomic function and COPD in 2015. It reported that aerobic exercise training 

with vigorous intensity provides beneficial effects on selected autonomic 

function indices in patients with COPD
(63)

. 

Carlos et al done a cohort study in 23 COPD patients for 2yrs. It reported 

that during follow up in a home care program, higher HF band is found in COPD 

with no exacerbation episodes than control subjects. However, Acute 

Exacerbation of COPD (AECOPD) patients presented higher POW, HF and LF 

than stable COPD patients. AECOPD patients exhibited signs of increased 

autonomic activity compared with stable COPD 
(13)

. 
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Bartels et al. studied HRV in 53 severe stable COPD patients at rest and 

during exercise. These authors found that COPD patients had a significantly 

increased decreased LF/HF ratio and HF band from rest to peak exercise 
(64)

.  

Gross et al., done a case control study in 22 COPD patients & 9 smokers 

in 1989. It says that parasympathetic tone in COPD patients was increased in 

proportion to disease severity 
(65)

.   

Bedard et al., done a case control study in 41 patients in 2010. It shows 

that LF/HF ratio was in positive correlation with FEV1. When studied in normal 

daily life COPD patients showed reduced HRV compared to matched healthy 

subjects. LF/HF ratio was significantly lower while SDANN and SDNN, also 

reflecting overall sympathovagal balance, tended to be decreased in COPD 

patients. COPD severity correlates with HRV. The study confirms that, during 

normal daily life, an inherent alteration of HRV in COPD patients. The LF/HF 

ratio was lower than controls for the 3 recording periods. Interestingly, there was 

no difference in the mean and the range of heart rates of both groups. This 

reinforces the notion that HRV evaluation may unmask subtle preclinical 

changes in the modulation of the cardiac autonomic nervous system.  

This suggests that alteration in the autonomic modulation might be related 

to pathologic course and pulmonary dysfunction of COPD. Reactional increase 

in vagal tone of heart rate modulation to counterbalance effect of chronic 

sympathetic stimulation is a possible mechanism. Elevated parasympathetic 
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activity could be taken as the price to pay for adaptation to stress induced by 

COPD disease because of hypoxemia, chronic airway obstruction, 

hyperinflation, deconditioning as well as anxiety
(32)

. 

In a study of 96 patients with hypoxaemic COPD, Stewart et al., found 

that the PaO2 correlated significantly with degree of parasympathetic autonomic 

dysfunction 
(60,66)

.  

Scalvini et al done a study in 11 stable COPD patients with chronic 

hypercapnic respiratory insufficiency. It shows that oxygenation status decides 

the HRV and that correcting hypoxemia could partially reverse these 

abnormalities
(23)

. 

Ricci-Vitor et al done a rehabilitation program which included a series of 

resistance training sessions involving 13 COPD patients. It showed that, COPD 

patients was able to influence autonomic modulation with significant increases to 

parasympathetic and sympathetic components of autonomic nervous system
(67)

. 

Raupauch et al done a case control study in 15 COPD patients at 2008. It 

says Slow breathing acutely reduced sympathetic activity and tended to increase 

baroreflex sensitivity in COPD patients, indicating that slow breathing positively 

modulated the sympatho vagal balance, which was markedly altered in these 

patients. There are several possible explanations for the effect of slow breathing 

on sympatho excitation. Slow breathing may reduce sympathetic activity by 
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enhancing central inhibitory rhythms and, conversely, have an impact on 

baroreflex sensitivity. 

Furthermore, activation of the Hering–Breuer reflex due to an increase in 

tidal volume during slow breathing reduces chemoreflex sensitivity and might, 

therefore, ameliorate baroreflex function. Additionally, reducing the respiratory 

rate to 6 breaths per min entrains R–R interval fluctuations, causing a merging 

with the respiratory cycle as well as a considerable increase in amplitude relative 

to blood pressure changes. This may lead to enhanced baroreflex efficiency
(68)

. 
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AIM & OBJECTIVE 

1. To evaluate the autonomic dysfunction in patients with COPD  

2.  To determine whether pattern of HR variability in this population is 

different from normal population. 

3. To analyse the spectral disturbances during resting and controlled 

breathing. 
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MATERIALS AND METHODOLOGY 

STUDY DESIGN: 

CASE CONTROL STUDY 

STUDY CENTER: 

Department of Physiology, Chengalpattu Medical College 

SAMPLE SIZE: 70 (CASES – 35, CONTROLS – 35) 

INCLUSION CRITERIA : 

CASES:  

COPD patients in Mild (Post bronchodilator FEV1% ≥80%)(1) & 

Moderate stages (Post bronchodilator 50% > FEV1% <80%)(1) without any 

comorbidities. 

15 females and 20 male patients of age group 45 – 70yrs old were 

included as cases in the study. 

CONTROLS: 

15 females and 20 males without COPD or smoking history or other 

diseases are taken as controls. 

Sand mining workers and passive smokers were avoided. 
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EXCLUSION CRITERIA: 

 Severe and very severe stages of COPD patients (FEV1% < 50%). 

 Other pulmonary disorders  

 Diabetic neuropathy 

 Hypertension 

 Neurological disorders 

 Cardiac disorders like arrythmias, coronary artery disease and conduction 

disorders 

 Smokers, alcoholics, night shift workers. 

 Patients taking medications likely to interfere with the tests, such as 

vasodilators, angiotensin-converting enzyme inhibitors, and 

antihypertensive agents, also were excluded.  

 Pregnant mothers were excluded. 

PROCEDURE: 

The details of the study were explained in their native language. Informed 

written consent in their native language was obtained from all the participants. 

The weight was measured on a digital scale accurate to 0.1 kg and height 

using a stadiometer accurate to 1 cm. Body mass index was calculated using the 

formula: weight (kg)/height (m)
2
.  

Detailed history to rule out disorders of other systems, smoking, alcohol, 

sand mining works, h/o cooking using wood was taken. 
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General examination was done for all participants to rule out anaemia, 

clubbing, jaundice, cyanosis, lymphadenopathy and pedal edema. 

On systemic examination respiratory system, cardiovascular system, 

abdomen and central nervous system were clinically examined and 

documentation was done for all patients. 

After clinical examination, participants underwent pulmonary function 

tests and heart rate variability analysis. 

PRIOR ADVISE TO PARTICIPANTS: 

 Avoid coffee & tea on the day of study 

 Avoid alcohol 24hours prior to study 

 Avoid β agonists, steroids and aminophylline 24hrs prior to study. 

 Avoid strenuous physical exercise the day before the evaluations, 

 Have a good night’s sleep (7–8 hours), 

 Bring an attender for any type of support. 

 Avoid salbutamol nebulisation 4hours prior to study. 

 Have a light breakfast 2 hours before testing. 

SPIROMETRY: 

MATERIALS: Easy on PC spirometer 

Principle: Flow sensing spirometers using ultrasound waves. 
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RECORDING: 

Participants were explained and demonstrated how to take the test. 

1. Hold the spirometer’s mouthpiece in the mouth tightly, so the air doesn’t 

leak. 

2. Opposite end of the mouthpiece should be blocked and released as 

advised by the software. 

3. Take a deep inspiration get ready. 

4. Then when the investigator signals, exhale forcefully for a few seconds 

until further signal from investigator followed by a deep inspiration. 

The flow volume curve was obtained and analysed by Easy on PC 

software and the percentage predicted value for FEV1&FVC was obtained.  

FEV1 and FVC was taken for all patients and FEV1% was calculated for 

all COPD patients according to GOLD criteria(1). Mild (Post bronchodilator 

FEV1% ≥80%) & Moderate stages (Post bronchodilator 50% > FEV1% <80%). 

All Controls were examined and found to have FEV1% within normal limits. 
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FIGURE 8: PLACEMENT OF ELECTRODES & HRV RECORDING 

HEART RATE VARIABILITY: 

Equipment:  

The heart rate variability analysis study was done using VarioWin_HR, a 

pc-based HRV analysis system.  

Validation:  

This HRV analysis equipment was validated according to the GOLD 

standards set by American Heart Association and European Society of 

Cardiology.  

THE TASK FORCE 1996 guidelines, established by the North American 

Society of Pacing and Electrophysiology and the Board of the European Society 

of Cardiology, were followed for recording of HRV.  
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Data Acquisition & Analysis  

 Done only between 8AM to 11AM for all participants to avoid the 

influence of circadian rhythm.  

 Recording room temperature was maintained between 21 to 23
   ֗

C. 

 Participants were advised to leave off their mobiles, jewels, watches and 

coins to their attenders. 

 Subject was advised to void urine before recording, and to relax for 

10minutes in supine position.  

 ECG electrodes were attached to the participants and then connected to 

acquisition hardware.  

 The positive electrode was connected to the left arm, negative electrode to 

right arm, reference electrode to left foot and ground electrode to right 

foot, using a 4 lead ECG cable.  

 Participants were asked to relax again for another 10 minutes 

 Lead II ECG was recorded for 5 minutes in quiet room.  

 Data acquisition was done by the in-built software at a sampling rate of 

500cycles/sec from the standard lead II recording.  

 ECG signal was digitized and stored in computer with the analysis 

software.  

 The data gathered were subjected to analysis of HRV by the in-built 

VarioWin-HR analysis software.  
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 Software detects all R waves & computes the R-R interval from 

recording.          

 The final reports were displayed on A4 sheet along with interpretation in 

it. Automatic and precise R-peak detection and RR calculation was done 

by the in-built Vario Win HR software. 

RECORD DURING CONTROLLED BREATHING:                                                                             

 For COPD patients alone, the record was done during controlled 

breathing. After  the  first measurement, they were explained about the controlled 

deep breathing ie., slow and deep breathing with inspiration for 5 seconds and 

expiration for 5 seconds, total 10seconds amounting for 6 breaths per minute.                                                                           

After explanation they were advised to relax for 10 minutes, during which they 

can have a trial of the controlled breathing manoeuvre. After they are ready, the 

second HRV recording was done for another 5minutes, during their controlled 

breathing manoeuvre. The resting autonomic activity was assessed by HRV. Two 

types of parameters were determined by HRV analysis: 

1. Time Domain parameters                                                                                                          

2.  Frequency Domain parameters 
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TIME DOMAIN INDICES  

From the R-R interval data, the following time domain variables were 

calculated.  

i) MEAN R-R INTERVAL:  

It indicates the average of all the NN (normal to normal RR interval) 

intervals. It signifies sympathovagal function because it varies inversely with the 

mean heart rate at a given physiological state.  

ii)  SDNN:  

It indicates the standard deviation of all the NN intervals. It denotes the 

measure of total variability of heart. It also reflects HRV in low and high 

frequency ranges.  

iii)  NN50:  

It determines high frequency variation in heart rate. In the entire 

recording, it denotes the number of pairs of adjacent NN intervals, that differs 

more than 50ms.  

iv) pNN50:  

It is the proportion obtained by dividing NN50 count by total number of 

NN intervals. This gives the high frequency variation in heart rate along with 

NN50 count.  
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v) RMSSD:  

It is the square root of the mean of the sum of the squares of differences 

between adjacent NN intervals in the lead II ECG. This also determines high 

frequency variations in heart rate, which is a measure of parasympathetic 

response.  

FREQUENCY DOMAIN MEASURES  

Power spectral density (PSD) analysis provides the basic information of 

how power (i.e. variance) distributes as a function of frequency. Independent of 

the method employed, only an estimate of the true PSD of the signals can be 

obtained by proper mathematical algorithms
(34)

. 

Spectral analysis was done using parametric method, wherein the entire 

data was divided into overlapping sections and each section was subjected to 

Fast Fourier Transformation and the average was taken for periodogram values. 

The frequency domain measures of HRV are as follows:  

i) Low frequency power (LF):  

The LF spectrum ranges from 0.04 to 0.15 Hz. LF indicates both 

sympathetic and parasympathetic tone.  

ii)  High frequency power (HF): 

The HF power spectrum ranges from 0.15 to 0.4 Hz. HF indicates 

parasympathetic influence. 
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iii) LF norm (nu):  

It is low frequency component expressed in normalized units. LF nu is 

calculated by the formula, LF nu = LF/ (Total power – VLF) X 100.  

iv) HF norm (nu):  

It is high frequency component expressed in normalized units.  

HF nu is calculated using the formula,  

HF nu = HF/ (Total power – VLF) X100. 

v)  F/HF ratio:  

The LF/HF ratio is a marker for assessing sympathovagal balance. It 

provides a better indicator of spectral powers. A decreased LF/HF ratio indicates 

increase in parasympathetic tone and an increased LF/HF ratio indicates increase 

in sympathetic tone. 
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RESULTS 

The collected data were subjected to basic statistical analysis. Further 

analysis was done using statistical package for social sciences (SPSS version 

21.0 for windows 10). Chi square test was done to find the significance of age 

and sex in both groups. The t test was used to find the existence of any statistical 

significance between the parameters of the two groups. The probability value of 

less than 0.05 was considered as statistically significant. The Pearson correlation 

was done between pulmonary function parameter and the HRV parameters of 

both groups and interpreted. 

 

FIGURE 9: COMPARISON OF AGE BETWEEN COPD PATIENTS & 

CONTROLS 

The age was found to be almost equal in both case and control groups 

with a mean of 58.54 ± 6.39 years for cases and 56.57 ± 7.12 years for controls. 

P value was 0.09 and not significant. Equal number of male and female were 

present in both groups. 

58.54 56.57 

AGE IN YEARS 

CASE
CONTROL

P = 0.09 
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TABLE 3: GENDER DISTRIBUTION IN COPD PATIENTS & 

CONTROLS 

 

TABLE 4: COMPARISON OF GENERAL PARAMETERS BETWEEN 

COPD PATIENTS & CONTROLS 

 
CASE CONTROL P value 

 MEAN ± SD MEAN ± SD  

HT (in cms) 158.83 ± 4.99 160.17 ± 4.56 0.08 

WT (in KGs) 56.83 ± 6.91 59.69 ± 7.33 0.098 

BMI (in KG/m
2
) 22.53 ± 2.68 22.68 ± 2.54 0.814 

  

General parameters like weight, height and BMI were all comparable in 

both cases and controls. 

TABLE 5: PULMONARY FUNCTION VALUES IN COPD PATIENTS 

AND CONTROL 

 CASE CONTROL P value
 

FEV1 % 61.89 ± 5.39 85.03 ± 4.00 0.0001
*
 

 

Pulmonary function test like FEV1 % (forced expiratory volume) was 

found to be less in COPD cases with a mean of 61.89 ± 5.39 than controls. 

 CASE CONTROL 

Males 20 20 

Females 15 15 
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Frequency domain parameters like normalised Low frequency, normalised 

high frequency and LF/HF ratios of the case & control groups were detailed in 

mean and standard deviations in table no:  Statistical analysis was done by the 

standard T test and the p value significance was mentioned for all parameters. P 

value less than 0.05 was taken as statistically significant 

TABLE 6: COMPARISON OF FREQUENCY DOMAIN PARAMETERS 

OF HRV BETWEEN COPD PATIENTS & CONTROLS – T TEST 

FREQUENCY DOMAIN 

PARAMETERS 

CASE CONTROL 
P 

value 

MEAN ± SD MEAN ± SD  

LF nu 0.55 ± 0.22 0.52 ± 0.09 0.472 

HF nu 0.44 ± 0.22 0.4 ± 70.09 0.492 

LF/HF 1.89 ± 1.59 1.17 ± 0.44 0.013
* 

 

Above frequency domain parameters were shown graphically in a bar 

diagram. The graph clearly shows a good difference in LF/HF ratio between 

cases and controls, while other parameters LF nu & HF nu showed only a very 

minimal difference between the cases and groups.  High LF/HF ratio in the cases 

show an increased parasympathetic activity. 
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FIGURE 10: COMPARISON OF FREQUENCY DOMAIN 

PARAMETERS BETWEEN COPD PATIENTS & CONTROLS 

The scatter chart below shows the correlation between FEV1% and LF/HF 

ratio. It represents that in 60% of cases, LF/HF ratio increases when FEV1% 

decreases and is negatively corelated. 

0.5517 
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FIGURE 11: SCATTER CHART BETWEEN FEV1 %  AND LF/HF 

RATIO IN COPD PATIENTS 

Time domain parameters of HRV like mean RR interval, SDNN & 

RMSSD of both groups were detailed in mean & SD in the following table . 

Statistical analysis was done by the standard T test and the p value significance 

was mentioned for all parameters. P value less than 0.05 was taken as 

statistically significant. 
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TABLE 7: COMPARISON OF TIME DOMAIN PARAMETERS OF HRV 

BETWEEN COPD PATIENTS & CONTROLS – T TEST 

TIME DOMAIN 

PARAMETERS 

CASE CONTROL P value 

MEAN ± SD MEAN ± SD  

Mean RR interval 780.31 ± 144.82 797.28 ± 64.38 0.528 

SDNN 33.13 ± 18.27 55.67 ± 15.40 0.0001
** 

RMSSD 32.52 ± 25.01 55.24 ± 17.48 0.0001
** 

 

A bar diagram representation of mean RR interval of both groups shows 

an apparent increase in controls compared to COPD patients. The graph implies 

that the lower mean RR interval in cases shows a high heart rate in them due to 

shift of balance towards sympathetic action. 

 

FIGURE 12: COMPARISON OF TIME DOMAIN PARAMETER (MEAN 

RR INTERVAL) BETWEEN COPD PATIENTS & CONTROLS 

 

780.31 

797.28 

770

775

780

785

790

795

800

CASES CONTROLS

p  = 0.528 
MEAN RR INTERVAL 
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The correlation between mean RR interval and FEV1 % was done. The 

scatter diagram shows a positive correlation for both cases and controls. It 

implies a greater number of cases lies within the 95% limit of the scatter plot. 

Also, in greater number of cases, there is increase in mean RR interval when the 

FEV1 % increases. 

 

FIGURE 13: SCATTER CHART BETWEEN FEV1 % AND MEAN RR 

INTERVAL IN COPD PATIENTS 

The following bar graph shows the apparent difference in SDNN and 

RMSSD in patients and controls.it shows an apparent decrease in both 

parameters in COPD patients. Low SDNN in cases show a decreased heart rate 

variability. Low RMSSD in cases show a decrease in parasympathetic action in 

them. 
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FIGURE 14: COMPARISON OF TIME DOMAIN PARAMETER (SDNN 

AND RMSSD) BETWEEN COPD PATIENTS & CONTROLS 

The scatter chart was plotted and we got a positive correlation between 

FEV1 % and RMSSD for both groups. Below chart implies nearly 50% of cases 

fall within 95% limits. Also, in 50% of cases there is an increase in RMSSD, 

when the FEV1 % rises. 
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FIGURE 15: Scatter chart between FEV1 % and RMSSD in COPD patients 

Frequency domain parameter of HRV like LF nu, HF nu and LF/HF ratio 

of COPD patients, before and after controlled breathing pattern, was analysed 

using paired T test. P values were found for all parameters and p value < 0.05 

was taken as statistically significant. 
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TABLE 8: COMPARISON OF FREQUENCY DOMAIN PARAMETERS 

OF HRV BEFORE AND AFTER CONTROLLED BREATHING (CB) IN 

COPD PATIENTS  – PAIRED T TEST 

FREQUENCY 

DOMAIN 

PARAMETERS 

PRE – CB POST – CB P value 

MEAN ± SD MEAN ± SD  

LF/HF ratio 1.89 ± 1.59 2.45 ± 3.95 0.4 

HF nu 0.44 ± 0.22 0.45 ± 0.20 0.9 

LF nu 0.55 ± 0.22 0.54 ± 0.20 0.9 

 

The following bar diagram graphically represents the frequency domain 

parameter change after a controlled breathing session in COPD patients. A rise in 

LF/HF ratio after the CB session shows a shift towards sympathetic dominance. 

 

FIGURE 16: COMPARISON OF FREQUENCY DOMAIN PARAMETER 

(MEAN RR INTERVAL) BETWEEN BEFORE AND AFTER 

CONTROLLED BREATHING IN COPD PATIENTS. 
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The time domain parameter like mean RR interval, SDNN and RMSSD of 

COPD patients, before and after controlled breathing pattern were analysed using 

paired T test. P values were found for all parameters and p value < 0.05 was 

taken as statistically significant. There is a statistical significance in p value of 

0.01 for SDNN in COPD patients, before and after controlled breathing pattern 

TABLE 9: COMPARISON OF TIME DOMAIN PARAMETERS OF HRV 

BEFORE AND AFTER CONTROLLED BREATHING (CB) IN COPD 

PATIENTS  – PAIRED T TEST 

TIME DOMAIN 

PARAMETERS 

PRE - CB POST - CB P value 

MEAN ± SD MEAN ± SD  

Mean RR interval 780.31 ± 144.82 797.28 ± 64.38 0.528 

SDNN 33.13 ± 18.27 40.06 ± 23.32 0.01
* 

RMSSD 32.52 ± 25.01 36.92 ± 26.43 0.1 

 

A bar diagram representation of mean RR interval of COPD patients 

before and after CB session shows an apparent increase after the session. The 

graph implies that the raised mean RR interval after CB session shows a reduced 

heart rate in them due to shift of balance towards parasympathetic action. 
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FIGURE 17: COMPARISON OF TIME DOMAIN PARAMETER (MEAN 

RR INTERVAL) BETWEEN BEFORE AND AFTER CONTROLLED 

BREATHING IN COPD PATIENTS. 

The following bar graph shows an apparent rise in SDNN and RMSSD 

after the CB session in COPD patients. High SDNN implies an increased heart 

rate variability and high RMSSD implies an increase in parasympathetic action. 
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FIGURE 18: COMPARISON OF TIME DOMAIN PARAMETER (MEAN 

RR INTERVAL) BETWEEN BEFORE AND AFTER CONTROLLED 

BREATHING IN COPD PATIENTS. 
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DISCUSSION 

The result shows that the time and frequency domain parameters 

indicating sympathetic action was high in COPD patients compared to controls. 

The frequency domain parameter LF nu is 0.55 ± 0.22 was little high in 

cases, when compared to 0.52 ± 0.09 of controls, with no significance. This high 

LF nu in COPD patients shows sympathetic hyperactivity in them compared to 

controls. There was a negative correlation between FEV1% and LF nu.  

The resultant sympathetic hyperactivity is manifested in other ANS 

regulated actions, primarily in heart rate regulation. There is an enormous 

increase in work of breathing leading to a chronic energy deprived state leading 

to exercise intolerance. This increased sedentary nature leads to an increase in 

anxiety and, in long run leading to a depressed state. The exercise intolerance, 

anxiety, depression, social and economic deprivations also may trigger 

sympathetic activity. 

Volterrani et al done a case control study in 31 COPD patients at 1994. It 

reported that many alterations in cardiac autonomic function were observed 

among patients with COPD; for example, elevated resting heart rate, reduced 

heart rate variability, and post-exertional abnormality in heart rate recovery. 

Chronic sympathetic stimulation may be associated with a down-regulation of 

beta-receptors in respiratory system 
(14)

. 
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Stewart et al done a case control study on 34 COPD patients in 1995. Its 

report says  that reduced heart rate variability is indicative of an increased 

sympathetic tone and a reduced vagal tone, which might be pathways from 

COPD to an increased Sudden Cardiac Death (SCD) risk
(60)

. 

Criner et al done a review on COPD and Heart in 2010. It reports that 

hyperinflation in COPD may lead to decrease of the ventricular size and 

function, with decreased stroke volume and cardiac output. As a result, this may 

cause an increase in heart rate and tachycardia
(62)

. 

Rasheedy et al done a cross-sectional study on 175 elderly male patients 

with COPD in 2016. It reported that CAN (cardiac autonomic neuropathy) 

occurred early in the course of the disease with 40.90% of mild COPD cases 

being affected. The patients with definite CAN had the highest resting heart rate. 

The presence of CAN was related to hypercapnia, but not hypoxemia or COPD 

severity
(38)

. 

Von gestel et al done a review article published in 2010. It reports that 

besides hypoxemia, the activity of the sympathetic system in patients with COPD 

could be affected by many factors including increased respiratory effort, 

systemic inflammation, hypercapnia, increased intrathoracic pressure swings as a 

result of airway obstruction, and the use of beta sympathomimetics. Adverse 

cardiovascular effects of sympathetic excitation that are relevant in COPD 
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include endothelial dysfunction, arterial stiffness, left ventricular hypertrophy 

and supraventricular and ventricular arrhythmias
(55)

. 

Taranto-Montemurro et al done a case control study on 14 COPD patients 

in 2016. It reported that in COPD patients, sustained hypoxemia, by increasing 

peripheral chemoreceptor activity, justifies augmented sympathetic autonomic 

discharges. In addition, increased sympathetic autonomic activity in COPD 

patients is due to oxidative stress, by stimulating metabo-receptors, and lung 

hyperinflation, throughout decreasing baroreflex sensitivity . 

Increased sympathetic autonomic outflow is due to greater values of RV 

that are expected to predispose COPD patients to pulmonary hyperinflation, 

which have been linked to impaired baroreflex sensitivity 
(56)

. 

HF nu of 0.44 ± 0.22 in COPD patients was less when compared to 0.47 ± 

0.09 in controls, with no statistical significance. This low HF nu in controls 

suggests a low parasympathetic activity in COPD patients. There was a positive 

correlation between FEV1 % & HF nu. 

Kleiger et al done a review analysis of 15 journals on HRV in 2005, 

which says reduced HRV has been associated with increased sympathetic and 

decreased vagal  modulation, as well as with poor cardiovascular outcome in a 

number of clinical conditions
(61)

. 
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Zupanic et al done a case control study on 31 COPD patients in 2014. It 

reports COPD patients showed highly significant reductions in SDNN, RMSSD, 

pNN50, TP, LF, and HF. Reductions in SDNN and TP suggest a reduction of 

total variance of HRV in patients with COPD. Reduced RMSSD, pNN50, and 

HF point to a reduction in vagal cardiac modulations. Because LF is mediated by 

fluctuations of sympathetic and parasympathetic nerve activity, it could reflect a 

reduction in vagal or sympathovagal modulation. Differences in HR and HRV in 

patients with COPD imply a shift in sympathovagal modulation towards 

sympathetic predominance
(59)

. 

LF/HF ratio of 1.89 ± 1.59 was high in cases, compared to 1.17 ± 0.44 in 

controls, with a significant p value of 0.013
*
. high LF/HF ratio in COPD patients 

suggest both sympathetic hyperactivity and decreased variability in heart rate in 

COPD patients. There was a negative correlation between FEV 1% and LF/HF 

ratio. 

Chabbra et al done a case control study on 63 stable COPD patients in 

2015. The serum markers of systemic inflammation, hs-CRP and IL-6, were 

increased in patients. A measure of parasympathetic activity, pNN50, had a 

significant negative correlation with serum IL-6 levels while LF/HF ratio, a 

measure of sympathetic/parasympathetic balance, had a direct correlation with it. 

These observations suggest that sympathetic activity in COPD is associated with 

systemic inflammation. In conclusion, there is increased modulation of heart rate 
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in stable patients with COPD with an overall sympathetic dominance. This 

associated with systemic inflammation and decreased diffusion capacity 
(36)

. 

The time domain parameters mean RR interval, RMSSD and SDNN share 

outputs similar to frequency domain parameters. Mean RR interval was low 

780.31 ± 144.82 in COPD patients, when compared to 797.28 ± 64.38 in 

controls. The decreased mean RR intervals indirectly shows the increased heart 

rate, which in turn implies the increased sympathetic activity. Mohamed et al 

done a case control study done in 26 COPD patients in 2018. It found a 

significantly lowered RR intervals in COPD patients compared to Controls (54). 

RMSSD was 32.52 ± 25.01 in COPD patients, low when compared to 55.24 ± 

17.48 in control showing a statistical significance. SDNN was low 33.13 ± 18.27 

in COPD patients, when compared to 55.67 ± 15.40 in controls, with a 

statistically significant p value of 0.0001
*
. time domain parameters were 

statistically significant. Time domain parameters also suggests sympathetic 

hyperactivity and decreased variability in heart rate in COPD patients. Mean RR 

interval, RMSSD and SDNN were positively corelated with FEV1%. 

Chen et al done a case control study in 30 COPD patients in 2006. It 

reported though global HRV measures were all significantly decreased, the 

LFP/HFP and HF nu of COPD patients were not significantly different from 

those of normal controls. A negative correlation exists between arterial partial 

pressure of O2 (PaO2) and HF nu and a positive correlation between PaO2 and 

LF/HF in COPD patients. Depressed sympathetic activity and enhanced cardiac 
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vagal activity in COPD patients with chronic hypoxemia were not associated 

with the degree of airway narrowing
(19)

. 

This implicates when airway patency is increasing there is no ANS 

stimulation and there is an increase towards parasympathetic action. On contrary 

in COPD patients decreased airway patency ie., low FEV1 %, leads to decreased 

V/Q ratio, leading to a range of problems from discomfort in breathing to 

hypoxia, all leading to ANS stimulation and thus sympathetic activation to dilate 

the bronchioles. Sympathetic activation is unable to dilate the mechanically 

blocked bronchioles and thus sympathetic hyperactivity occurs to some way 

bring in a bronchodilation leading finally to ANS dysregulation. 

Adding to these problems, physiological dead space increases due to the 

decreased surface area of respiratory membranes in emphysematous conditions 

of COPD patients.  

So, in this study, by controlled and deep breathing measures, we tried to 

improve V/Q ratio. 

HRV parameters, both time and frequency domain, except SDNN doesn’t 

show a significant change during their controlled breathing session. LF nu 

changes little from 0.55 ± 0.22 to 0.54 ± 0.20, showing a decrease during 

controlled breathing. This decrease in sympathetic stimulation during CB 

sessions is also not statistically significant. HF nu was 0.45 ± 0.22, increased 

only a little from 0.44 ± 0.20, during the CB session. LF/HF ratio changes a little 
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from 1.89 ± 1.54 to 2.45 ± 3.95, showing an increase in sympathetic action but 

without any significance. This can be explained by the fact that long duration of 

COPD, when occurring in old aged people may feel discomfort during CB 

sessions.  

Mean RR interval raised little from 780.31 ± 144.83 to 782.07 ± 141.52, 

during CB session. RMSSD also showed a little rise from 32.52 ± 25.01 to 36.92 

± 26.43 during controlled breathing. SDNN changes from 33.13 ± 18.27 to 40.06 

± 23.32, showing an increase during controlled breathing. SDNN change during 

CB is statistically significant with a p value of 0.01. This implies an increase in 

HRV during CB session. 

All the above parameters implicate an increase in parasympathetic activity 

during controlled breathing, but cannot be ascertained due to lack of statistical 

significance. This may occur because during CB sessions, there is a decrease in 

rate and increase in depth of breathing, also a decrease in work of breathing. All 

these leads to increased V/Q ratio and increased exchange of gases leading to 

decreased ANS stimulation.  

Bartels et al. studied HRV in 53 severe stable COPD patients at rest and 

during exercise. These authors found that COPD patients had a significantly 

increased decreased LF/HF ratio and HF band from rest to peak exercise 
(64)

.  
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Raupauch et al done a case control study in 15 COPD patients at 2008. It 

says slow breathing acutely reduced sympathetic activity and tended to increase 

baroreflex sensitivity in COPD patients, indicating that slow breathing positively 

modulated the sympatho vagal balance, which was markedly altered in these 

patients. There are several possible explanations for the effect of slow breathing 

on sympatho excitation. Slow breathing may reduce sympathetic activity by 

enhancing central inhibitory rhythms and, conversely, have an impact on 

baroreflex sensitivity. 

Furthermore, activation of the Hering–Breuer reflex due to an increase in 

tidal volume during slow breathing reduces chemoreflex sensitivity and might, 

therefore, ameliorate baroreflex function. Additionally, reducing the respiratory 

rate to 6 breaths per min entrains R–R interval fluctuations, causing a merging 

with the respiratory cycle as well as a considerable increase in amplitude relative 

to blood pressure changes. This may lead to enhanced baroreflex efficiency
(68)

. 

Borghi silva et al done a randomized control study in COPD patients at 

2009. It  says that a 6-week aerobic exercise training program leads to a 

promotion in ventilatory and physiological adaptations and improvement in 

exercise tolerance and favourably impacts the derangements in autonomic 

modulation of heart rate both at rest and during exercise in patients with 

COPD
(69)

. 

Although there is a significant SDNN change supporting CB sessions, it 

cannot be ascertained because of contrary results in LF/HF ratio. 
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CONCLUSION 

It is concluded from this study that, the decreased heart rate variability in 

COPD patients shows the presence of ANS dysfunction with sympathetic 

hyperactivity. After CB, though there is a slight rise in parasympathetic action 

and an increase in variability in heart rate, they are not statistically significant. 

So, it is inconclusive to decide on the effect of CB in this study. When 

controlled, deep and slow breathing is done regularly, it improves the ANS 

regulation of HR. 
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LIMITATIONS OF THE STUDY 

 The HRV recording after a month of CB practice should have been 

included. 

 PaO2 & PCO2 should have been recorded and compared with HR. 

 Tilt test effect could have unearthed its effect on HRV parameters. 
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SUMMARY 

This study was conducted to assess autonomic status using heart rate 

variability analysis. Thirty-five COPD patients and thirty-five, age matched 

healthy controls attending Thoracic medicine outpatient department participated 

in the study. The study was conducted after getting Institutional Ethical 

Committee clearance and Informed Written Consent from all the participants. 

The results obtained were statistically analysed using SPSS software version 

21.0 and tabulated for discussion. 

The HF nu and RMSSD was low in COPD patients, showing decreased 

parasympathetic action. The LF nu is high in COPD patients showing high -

sympathetic action. Low mean RR interval in COPD patients show a high heart 

rate. SDNN and LF/HF ratio parameters show a decrease in variability in heart 

rate. After a CB session, there was only a slight rise in HF nu, SDNN, RMSSD 

and mean RR interval. There was a decrease in LF nu with a slight increase in 

LF /HF ratio. These parameters are inconclusive to decide on the effect of CB 

sessions on ANS of COPD patients.  
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ANNEXURE 

PROFORMA FOR EVALUATION 

Name: 

Age: 

Sex: 

Occupation: 

Socioeconomic status: 

Present complaints with duration 

Past history:  

o H/O Cardiovascular disease 

o H/O Hypertension 

o H/O duration of Diabetes mellitus  

o H/O other respiratory illness 

o H/O Lung surgery 

o H/O connective tissue disease 

Personal history: 

o H/O smoking 

o H/O alcoholism  

o H/O drug intake 

o H/O physical work 

Family history: 

 H/O similar illness in family members 

Clinical examination: 

o Vital signs 

o General examination 

o Examination of Respiratory system 

o Examination of Cardiovascular system 

Investigations: FEV 1, FEC, FEV 1/FVC ratio and ECG Lead  II.                                                   
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INFORMATION SHEET 

We are conducting a study on autonomic function tests using ECG II lead 

for heart rate variability using echocardiogram among COPD patients attending 

medicine OPD, Chengalpattu Medical college hospital. 

We are doing this study to determine and analyse the autonomic 

dysfunction in patients with COPD and to determine whether pattern of HR 

variability in this population is different from normal population. 

We are selecting patients those who fulfil the eligibility criteria and 

conduct the HRV and echocardiogram study in them. The privacy of the subject 

the research will be maintained throughout the study. In the event of any 

publication or presentation resulting from the research, no personally, 

identifiable information will be shared. 

Taking part in this study is voluntary. You are free to decide whether to 

participate in this study or to withdraw at any time; your decision will not result 

in any loss of benefits to which you are otherwise entitled. The results of the 

special study may be intimated to you at the end of the study period or during the 

study if anything is found abnormal which may aid in the management or 

treatment. 

 

 

Signature of investigator            Signature/Thumb impression of participant 

Date: 
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PATIENT CONSENT FORM 

STUDY DETAIL: “SPECTRAL ANALYSIS OF HEART RATE VARIABILITY 

DURING RESTING AND CONTROLLED BREATHING IN CHRONIC 

OBSTRUCTIVE PULMONARY DISEASE PATIENTS ATTENDING 

TERTIARY CARE CENTRE”   

STUDY CENTRE : Department Of Physiology, Chengalpattu Medical College & 

Hospital,  Chengalpattu. 

PATIENT NAME:    AGE:                  SEX:   

IDENTIFICATION NUMBER: 

I confirm that I have understood the purpose of procedure for the above study. 

I have the opportunity to ask question and all my questions and doubts have 

been answered to my satisfaction. 

I understand that my participation in the study is voluntary and that I am free to 

withdraw anytime without giving any reasons, without my legal rights being affected. 

I understand that my investigator, regulatory authorities and the ethics 

committee will not need my permission to look at my health records both in respect to 

the current study and any further research that may be conducted in relation to it, even 

if I withdraw from the study, I understand that my identity will not be revealed in any 

information released to third parties or published, unless as required under the law. I 

agree not to restrict the use of any data or results that arrives from the study. 

I agree to take part in the above study and to comply with the instructions given 

during the study and faithfully cooperate with the study team. 

I hereby give consent to participate in this study. 

I hereby give permission to undergo complete clinical examination and 

diagnostic test. 

 

Signature of investigator  Signature/Thumb impression of participant 

Date:     Participant’s address: 

Place: 
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ஆராய்ச்சி தகவல் தாள் 

 சசங்கல்பட்டு அரசு மருத்துவக்கல்லுரி 

மருத்துவமனையில் நாட்பட்ட நுனரயீரல் அனடப்பு நநாய்  

உள்ளவர்களுக்கும்  மற்றும் சாதாரண மக்களுக்கும்    

இதய விகித நவறுபாடுகளில் பகுப்பாய்வு மீது ஒப்பீட்டு 

ஆராய்ச்சி நனடசபற்று வருகிறது. 

 

 நீங்களும் இந்த ஆராய்ச்சியில் பங்நகற்க நாங்கள் 

விரும்புகிநறாம். இந்த ஆராய்ச்சியின் முடிவுகனள 

அல்லது கருத்துகனள சவளியிடும் நபாநதா அல்லது 

ஆராய்ச்சியின் நபாநதா தங்களது சபயனரநயா அல்லது 

அனடயாளங்கனளநயா சவளியிட மாட்நடாம் 

என்பனதயும் சதரிவித்துக் சகாள்கிநறாம். இந்த 

ஆராய்ச்சியில் பங்நகற்பது தங்களுனடய விருப்பத்தின் 

நபரில் தான் இருக்கிறது. நமலும் நீங்கள் எந்நநரமும் இந்த 

ஆராய்ச்சியில் இருந்து பின்வாங்கலாம் என்பனதயும் 

சதரிவித்துக் சகாள்கிநறாம். 

 

ஆராய்ச்சியாளர்      பங்நகற்பாளர் 

னகசயாப்பம்       னகசயாப்பம் 

 

 

நததி :  
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ஆராயச்சி ஒப்புதல் கடிதம் 

ஆராய்ச்சி தனலப்பு: நாட்பட்ட நுனரயீரல் அனடப்பு நநாய்  

உள்ளவர்களுக்கும்  மற்றும் சாதாரண மக்களுக்கும் இதய 

விகித நவறுபாடுகளில் பகுப்பாய்வு மீது ஒப்பீட்டு 

ஆராய்ச்சி  

சபயர்:                  நததி  : 

வயது :  

ஆராய்ச்சி நசர்க்னக எண்: 

 இந்த ஆராய்ச்சிகளும் அத ன் விவரங்களும் எைக்கு 

முழுனமயாக விளக்கப்பட்டது. 

 எைக்கு விளக்கப்பட்ட விவரங்கனள புரிந்துசகாண்டு 

நான் என்னுனடய சம்மதத்னத சதரிவித்துக்சகாள்கிநறன்.  

 இந்த ஆராய்ச்சியில் நான் என்னுனடய சசாந்த 

விருப்பத்தின் நபரில் பங்நகற்கிநறன். இந்த 

ஆராய்ச்சியிலிருந்து எந்நநரமும் பின்வாங்கலாம் என்றும் 

அதைால் எவ்வித பாதிப்பும் ஏற்படாது என்பனதயும் நான் 

புரிந்து சகாண்நடன். நான்   இந்த ஆராய்ச்சிக்காை இதய 

விகித நவறுபாடுகளில் பகுப்பாய்வு கண்டறிய சம்மதம் 

சதரிவிக்கிநறன் 

     நான் இந்த ஆராய்ச்சியின் விவரங்கனள சகாண்ட 

தகவல்கனள சபற்றுக் சகாண்நடன்.. 

 நான் என்னுனடய சுய நினைவுடனும் மற்றும் முழு 

சுதந்திரத்துடனும் என்னை இந்த ஆராய்ச்சியில் ஈடுபட 

சம்மதிக்கிநறன். 

னகசயாப்பம்
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MASTER CHART – COPD PATIENT BEFORE AND AFTER CONTROLLED BREATHING  

Sl. No Name 
Age in 

years  

HT in 

 cm  

WT in 

kg 
BMI kg/m

2
 

POST BD 

FEV 1% 

LF nu HF nu LF/HF ratio 
MEAN RR  

interval 
SDNN RMSDD 

PRE POST PRE POST PRE POST PRE POST PRE POST PRE POST 

1.  Ramasamy 44 158 62 24.8357635 60 0.49 0.64 0.51 0.36 0.96 1.81 698 767 19.18 54.9 11.16 66.4 

2.  Rayappan 52 149 48 21.6206477 65 0.53 0.94 0.47 0.06 1.12 14.49 792 864 17.6 37.1 11.02 19.2 

3.  Venugopal 63 164 55 20.4491374 68 0.32 0.8 0.68 0.2 0.46 3.91 961 1048 30.7 52.9 31.5 38.5 

4.  Govindharaj 65 167 58 20.7967299 55 0.23 0.45 0.77 0.55 0.3 0.81 673 709 11.7 16.1 12.6 13.8 

5.  Nagappan 72 157 56 22.7189744 65 0.75 0.84 0.25 0.16 3.05 5.24 748 719 10.1 27.1 5.8 7.7 

6.  Kolakkan 65 160 68 26.5625 67 0.63 0.77 0.37 0.23 1.68 3.34 780 728 22.2 18.4 13.5 12.7 

7.  Arumugam 65 158 55 22.0317257 53 0.8 0.78 0.2 0.22 3.99 3.66 628 619 9.6 14 5.9 6.7 

8.  Perumal 58 162 50 19.0519738 68 0.33 0.22 0.67 0.78 0.49 0.28 750 746 29.3 33.9 41.3 49.9 

9.  Saminathan 60 160 48 18.75 69 0.43 0.39 0.57 0.61 0.76 0.65 936 927 18.6 14.7 15.5 11.6 

10.  Devaraj 60 155 54 22.4765869 63 0.77 0.84 0.23 0.16 3.27 5.35 849 823 22.5 38 13.5 13 

11.  Ganesan 67 152 50 21.6412742 58 0.31 0.69 0.69 0.31 0.44 2.27 762 754 23.5 19.2 24 12.3 

12.  Marimuthu 60 162 55 20.9571712 54 0.21 0.42 0.79 0.58 0.26 0.74 630 629 12 16 18.4 26.3 

13.  Raja 45 158 65 26.037494 65 0.47 0.57 0.53 0.43 0.87 1.31 774 803 24.1 21.5 18 12.7 

14.  Visu 56 157 64 25.9645422 66 0.65 0.37 0.35 0.63 1.83 0.59 721 710 31.7 37 32.8 34.2 

15.  Iyyanar 54 162 67 25.5296449 67 0.73 0.47 0.27 0.53 2.67 0.9 721 774 40.18 61.6 31.4 58 

16.  Samidurai 61 158 68 27.2392245 65 0.22 0.2 0.78 0.8 0.29 0.25 835 853 63.4 64.7 79.9 86.2 

17.  Kannusamy 47 160 65 25.390625 69 0.17 0.16 0.83 0.84 0.2 0.19 868 867 64.5 64.3 95.1 91.4 
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Sl. No Name 
Age in 

years  

HT in 

 cm  

WT in 

kg 
BMI kg/m

2
 

POST BD 

FEV 1% 

LF nu HF nu LF/HF ratio 
MEAN RR  

interval 
SDNN RMSDD 

PRE POST PRE POST PRE POST PRE POST PRE POST PRE POST 

18.  Gurunathan 53 162 68 25.91 67 0.11 0.52 0.89 0.48 0.12 1.07 862 717 66.6 47 95.4 34.8 

19.  Elavarasan 60 162 64 24.38 58 0.79 0.67 0.21 0.33 3.83 2.05 696 742 49.7 42.3 32.5 39.8 

20.  Sembian 56 170 56 19.37 56 0.86 0.36 0.14 0.64 6.4 0.55 668.9 761 44.8 63.9 29.4 52.4 

21.  Indrani 62 163 55 20.70 64 0.81 0.95 0.19 0.05 4.33 19.78 1449 1423 48.2 39.8 33.8 18.3 

22.  Mariyammal 55 157 57 23.12 56 0.52 0.54 0.48 0.46 1.08 1.16 656 653 17.1 13 10.3 9.2 

23.  Jayalakshmi 65 148 45 20.54 51 0.7 0.73 0.3 0.26 2.3 3.2 602 603 10.2 8.1 5.8 3.1 

24.  Rajammal 55 154 45 18.97 59 0.7 0.54 0.3 0.46 2.3 1.18 704 699 11.2 11.7 6.6 8.7 

25.  Saroja 60 160 46 17.96 66 0.58 0.61 0.42 0.39 1.36 1.59 875 878 27.4 26 17 21.4 

26.  Baakiyammal 62 152 45 19.47 57 0.34 0.24 0.66 0.76 0.52 0.32 727 714 15.7 28.8 20.8 40.2 

27.  Kannagi 50 158 55 22.03 61 0.73 0.61 0.27 0.39 2.66 1.56 764 753 17.2 12.9 12.42 10 

28.  Vadivu 61 167 56 20.07 59 0.68 0.5 0.32 0.5 2.08 1.01 749.9 795.6 43.4 53.8 52 58.7 

29.  Rani 65 162 57 21.71 57 0.66 0.62 0.34 0.38 1.97 1.6 725.3 808.9 40.6 48.3 42.7 54.3 

30.  Sundari 57 160 56 21.87 67 0.64 0.6 0.36 0.4 1.77 1.51 773.4 768.5 44.1 41.8 48.8 45.7 

31.  Kolanjiammal 64 163 58 21.82 53 0.86 0.33 0.14 0.67 6.12 0.5 694.3 701.7 63.3 38.8 29.6 33.4 

32.  pounambal 60 154 61 25.72 64 0.68 0.45 0.32 0.55 2.11 0.81 792 754 55.9 91.1 57.4 72.2 

33.  Ananthi 52 162 57 21.71 67 0.7 0.53 0.3 0.47 2.39 1.14 800.9 751.7 55.1 93 55.4 81.9 

34.  Ramani 54 152 64 27.70 68 0.26 0.3 0.74 0.7 0.34 0.44 904 763 52.8 67.51 76.8 76.06 

35.  Lakshmi 64 154 56 23.61 59 0.65 0.43 0.35 0.57 1.88 0.76 741 746 45.4 82.9 50.3 71.5 
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MASTER CHART – CONTROLS  

 

Sl. No Name  
Age in 

years  

HT in 

 cm  

WT in 

kg 
BMI kg/m

2
 FEV 1% LF nu HF nu LF/HF 

Mean RR 

interval 
SDNN RMSSD 

1.  Raja 46 165 85 31.22 90 0.35 0.65 0.55 933 34.9 40.9 

2.  Kesavan 48 160 55 21.48 85 0.51 0.49 1.03 817 63.5 71.8 

3.  Mani 60 155 58 24.14 80 0.39 0.61 0.64 764 61.37 51.8 

4.  Ravikumar 42 160 65 25.39 92 0.34 0.66 0.52 828 75.4 73 

5.  Sabapathy 51 158 62 24.83 78 0.7 0.3 2.32 697 36.3 24.8 

6.  Dhamotharan 56 165 60 22.03 83 0.64 0.36 1.79 739 32.8 34.6 

7.  Kumar 48 160 49 19.14 86 0.46 0.54 0.84 773 50.4 49.7 

8.  Thangarasu 59 162 64 24.38 86 0.52 0.48 1.09 816.6 67.9 56 

9.  Santhosam 59 162 63 24.00 83 0.6 0.4 1.52 749 33.4 38.4 

10.  Mani 63 165 69 25.34 79 0.61 0.39 1.54 728 38.6 36.9 

11.  Muthu 53 164 65 24.16 85 0.63 0.37 1.68 774.8 48.6 45.2 

12.  Ramu 47 173 64 21.38 90 0.48 0.52 0.91 798 58.4 72.9 

13.  veerasamy 65 167 66 23.66 84 0.67 0.33 1.99 776 47.4 55.7 

14.  sankaran 57 158 68 27.23 81 0.61 0.39 1.57 737 37.6 38 

15.  ravi 48 174 68 22.46 87 0.52 0.48 1.07 802 58.7 61.8 

16.  Sankar 57 172 62 20.95 86 0.57 0.43 1.31 794 64.7 67.7 

17.  Anbarasan 66 160 58 22.65 78 0.44 0.56 0.78 889.7 97.1 93.9 

18.  Subaiah 63 158 60 24.03 84 0.5 0.5 0.99 963.8 81.1 84.7 

19.  Eswaran 62 164 56 20.82 88 0.46 0.54 0.85 993.9 84.6 98.9 
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Sl. No Name  
Age in 

years  

HT in 

 cm  

WT in 

kg 
BMI kg/m

2
 FEV 1% LF nu HF nu LF/HF 

Mean RR 

interval 
SDNN RMSSD 

20.  Kamatchi 45 157 52 21.09 85 0.6 0.4 1.48 769 46.2 48.1 

21.  Kalaiyarasi 42 158 50 20.02 89 0.47 0.53 0.87 819 55.5 59.3 

22.  Vimala 42 162 56 21.33 84 0.61 0.39 1.54 779 47.6 41.2 

23.  Arasi 53 164 63 23.42 85 0.46 0.54 0.86 757 45.1 37.9 

24.  Vadivu 59 160 64 25 81 0.4 0.54 0.74 736 60.2 32.7 

25.  Rasathi 47 165 57 20.93 88 0.42 0.58 0.73 793 49.9 51.7 

26.  Sarasu 49 158 52 20.83 89 0.43 0.57 0.76 815 76.6 63.14 

27.  Anjalai 57 159 47 18.59 86 0.46 0.54 0.86 800 62.1 54.4 

28.  Kasiyammal 60 163 49 18.44 77 0.6 0.4 1.51 720 40.8 29.04 

29.  Pushpa 56 162 61 23.24 87 0.54 0.46 1.19 790 61.1 72.9 

30.  Rani 64 165 58 21.30 82 0.59 0.41 1.44 772 51.2 54.1 

31.  Sarosa 48 162 56 21.33 87 0.64 0.36 1.77 775 55.7 56.4 

32.  mallika 48 156 59 24.24 83 0.57 0.44 1.27 763 48.7 48.4 

33.  Rasathi 57 163 53 19.94 84 0.62 0.38 1.61 781 53.1 57.2 

34.  Sudha 47 164 62 23.05 93 0.44 0.56 0.79 811 47.4 64.5 

35.  nayagi 51 156 53 21.77 91 0.43 0.57 0.75 851 74.6 66 
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INTRODUCTION: 

 COPD is a common treatable and preventable disease characterized by airflow 

limitation and persistent respiratory symptoms that is due to airway or alveolar 

abnormalities usually caused by significant exposure to noxious gases or particles.(1). 

According to WHO’s report, 65 million people have moderate to severe chronic 

obstructive pulmonary disease (COPD). Earlier, COPD was more common in men, 

but because of increased tobacco use among women in high-income countries and the 

higher risk of exposure to indoor air pollution (such as biomass fuel used for cooking 

and heating) in low-income countries, the disease now affects men and women almost 

equally(2). The coexistence of expiratory flow limitation and loss of elastic recoil of 

the lung causes changes in the breathing pattern and in lung volume. Accordingly, a 

series of hemodynamic adjustments occur, especially in the autonomic control of heart 

rate to maintain homeostasis. In COPD patients, the autonomic nervous system may 

be affected by recurrent hypoxemia, hypercapnia, airway obstruction, increased 

respiratory effort, systemic inflammation and the use of beta sympathomimetics. 

AIM & OBJECTIVE:  

1. To evaluate the autonomic dysfunction in patients with COPD  



2. To determine whether pattern of HR variability in this population is different   

    from normal population. 

3. To analyse the spectral disturbances during resting and controlled breathing. 

METHODOLOGY: 

The study was conducted in the Department of Physiology, Chengalpattu medical college & 

Hospital, Chengalpattu. The study group consists of 35 COPD patients as cases and 35 

healthy volunteers (age and gender matched) as controls. Study was conducted after getting 

approval from the Institutional Ethical Committee. Subject was explained about the details of 

the study and informed written consent was obtained. Detailed history and clinical 

examination were carried out to rule out any cardiac or neural disorders.  

 Subjects were asked to avoid coffee, nicotine and alcohol 24 hours prior to test. 

Drugs like aminophylline, steroids & beta 2 agonists to be stopped before 24 hours and 

asthalin inhalers 4 hrs before the procedure after consultation with physician. The patients 

were subjected to study in the morning at least 2 hours after a light breakfast, in a room with 

constant temperature and humidity.  

Subject was advised to void urine before recording, instructed to relax in supine position.  

ECG electrodes & respiratory transducer was attached to the subject to the subject & 

connected to HRV acquisition hardware (Variowin). 

Two periods make up the study protocol, after adaptation to the environment:  

(1) rest period, subject quietly recumbent;  

(2) controlled breathing, 15 cycles/min, to enhance the vagal-mediated respiratory component 

of HRV. 

RESULTS: 

The frequency domain parameter LF nu is 0.55 ± 0.22 was little high in cases, when 

compared to 0.52 ± 0.09 of controls, with no significance. HF nu of 0.44 ± 0.22 in 

COPD patients was less when compared to 0.47 ± 0.09 in controls, with no statistical 

significance. LF/HF ratio of 1.89 ± 1.59 was high in cases, compared to 1.17 ± 0.44 in 

controls, with a significant p value of 0.013
*
. RMSSD was 32.52 ± 25.01 in COPD 

patients, low when compared to 55.24 ± 17.48 in control showing a statistical 

significance. SDNN was low 33.13 ± 18.27 in COPD patients, when compared to 



55.67 ± 15.40 in controls, with a statistically significant p value of 0.0001
*
. LF nu 

changes little from 0.55 ± 0.22 to 0.54 ± 0.20, showing a decrease during controlled 

breathing. HF nu was 0.45 ± 0.22, increased only a little from 0.44 ± 0.20, during the 

CB session. RMSSD also showed a little rise from 32.52 ± 25.01 to 36.92 ± 26.43 

during controlled breathing. SDNN changes from 33.13 ± 18.27 to 40.06 ± 23.32, 

showing an increase during controlled breathing. 

CONCLUSION: 

Decreased heart rate variability in COPD patients shows the presence of ANS 

dysfunction with sympathetic hyperactivity. After CB, though there is a slight 

rise in parasympathetic action and an increase in variability in heart rate, they 

are not statistically significant. So, it is inconclusive to decide on the effect of 

CB in this study. 

KEYWORDS: COPD, HRV, Controlled breathing, FEV1%. 
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