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ABSTRACT
Exacerbations of chronic obstructive respiratory disease (ECOPD) are acute events characterized by worsening
of the patient’s respiratory symptoms, particularly dyspnoea, leading to change in medical treatment and/or
hospitalisation. AECOP are considered respiratory diseases, with reference to the respiratory nature of symp-
toms and to the involvement of airways and lung. Indeed respiratory infections and/or air pollution are the main
causes of ECOPD. They cause an acute inflammation of the airways and the lung on top of the chronic
inflammation that is associated with COPD. This acute inflammation is responsible of the development of acute
respiratory symptoms (in these cases the term ECOPD is appropriate). However, the acute inflammation
caused by infections/pollutants is almost associated with systemic inflammation, that may cause acute
respiratory symptoms through decompensation of concomitant chronic diseases (eg acute heart failure,
thromboembolism, etc) almost invariably associated with COPD. Most concomitant chronic diseases share with
COPD not only the underlying chronic inflammation of the target organs (i.e. lungs, myocardium, vessels, adi-
pose tissue), but also clinical manifestations like fatigue and dyspnoea. For this reason, in patients with multi-
morbidity (eg COPD with chronic heart failure and hypertension, etc), the exacerbation of respiratory symptoms
may be particularly difficult to investigate, as it may be caused by exacerbation of COPD and/or � comorbidity,
(e.g. decompensated heart failure, arrhythmias, thromboembolisms) without necessarily involving the airways
and lung. In these cases the term ECOPD is inappropriate and misleading.
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In the coming decades, chronic obstructive pulmonary disease

(COPD) is expected to occur with increasing frequency,

resulting in enormous healthcare expenditures and high mor-

tality. Thus, COPD presents a challenge for clinicians and is a

leading public health problem worldwide [1]. However, COPD

is almost invariably associated with other chronic conditions

and is thus an important component of the epidemy of multi-

morbidity (due to ageing, smoking, indoor and outdoor pollu-

tion, alcohol, inactivity and other risk factors) that affects

elderly patients [1].

The disease trajectory in COPD is usually marked by a

gradual decline in health status and increasing symptoms,

punctuated by acute exacerbations that are associated with an

increased risk of death [1]. In clinical trial, exacerbations of

COPD (ECOPD) are defined as ‘acute events characterized by

worsening of the patient’s respiratory symptoms, beyond day-

to-day variations, leading to a change of medication’ [1], thus

without any description of their pathophysiology or mecha-

nisms. ECOPD are the main cause of hospitalization in patients

with COPD, resulting in higher in-hospital mortality, which in

turn significantly increases the use of healthcare resources and

thus the economic burden [2–5].

Exacerbations of chronic obstructive pulmonary disease

result not only in an increased risk of mortality during the acute

event but also a long-term risk of death [5]. Concomitant

chronic diseases are another important feature of COPD, as

they affect patients’ quality of life, symptoms, exacerbations

and survival. Furthermore, comorbidities share the common

chronic inflammatory nature [6,7] and have a complex rela-

tionship with ECOPD, affecting the frequency, clinical severity

and prognosis of these events [1,8,9].

Mechanisms of COPD exacerbation

Historically, bacterial infections, viral infections and environ-

mental pollutants have been implicated as the most important
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causative agents of ECOPD [1]. All of these agents can result in

the transient acute inflammation of the airways and lung that

develops on top of the chronic inflammation present in stable

conditions [10,11]. Some immune response abnormalities may

facilitate viral and bacterial airway infections in patients with

COPD [12,13]. However, although there is a strong association

between viral/bacterial infections and ECOPD, a causal rela-

tionship is difficult to prove [14,15]. Experimental rhinovirus

infection has been recently shown to provide a human model of

COPD exacerbation [16].

Acute airway and lung inflammation resulting from both

bacterial and viral infections in ECOPD consists in a significant

increase in the number of inflammatory cells and also in

inflammatory mediators. Bacterial exacerbations are associated

with significantly greater increases in neutrophilic airway

inflammation, with higher levels of sputum neutrophil elas-

tase, IL-8, IL-1b and tumour necrosis factor-alpha (TNF-a)
[14,15]. Virus-associated ECOPD are seen as significant eleva-

tions in sputum levels of interferon-gamma-inducible protein

10 (IP-10), which correlates with human rhinovirus viral load

[17]. Recent research has defined the most important biological

clusters in ECOPD: bacterial-predominant, viral-predominant,

eosinophilic-predominant and a biological cluster character-

ized by limited changes in the inflammatory profile, known as

‘pauci-inflammatory’ [15]. In addition to airway infection,

exposure to air pollutants was implicated as a trigger of

ECOPD. Exposure to particulate matters and organic

compounds may cause cytotoxicity, along with damage to

macrophages and bronchial epithelial cells with increasing

oxidative stress, by production of reactive oxygen species [18].

Oxidative stress is involved in pathogenesis of ECOPD,

regardless of aetiology, by enhancing the influx of inflamma-

tory mediators to the airway, in condition of alteration in the

functioning of the antioxidant system [19]. The increased

activation of redox-sensitive transcription factors, such as

nuclear transcription factor, NF-Kb, may explain the high

levels of pro-inflammatory gene products such as IL-8 and

TNF-a [20]. Both amplified inflammation and oxidative stress

in the airways of patients with ECOPD trigger complex

mechanisms resulting in the worsening of respiratory symp-

toms [21–24] (Fig. 1).

Systemic consequences of airway inflammation

Airway inflammation during acute infections or exacerbations

of chronic airway diseases also causes an elevation in systemic

inflammation, revealed by the levels of pro-inflammatory

mediators in circulation. ECOPD are associated with an eleva-

tion in serum C-reactive protein, IL-6, myeloid progenitor

inhibitory factor-1, pulmonary and activation-regulated

chemokine (PARC), adiponectin and soluble intercellular

Figure 1 Mechanisms of respiratory symptoms in
exacerbations of airway inflammation in COPD. The
mechanisms triggered by infections or pollutants lead to injury
of the airway mucosa, airway inflammation with oedema and
mucus hypersecretion, resulting in the worsening of airway
obstruction and respiratory symptoms such as cough with
sputum and, more importantly, dyspnoea. Increased airflow
resistance leads to an additional burden of breathing,
producing a specific afferent feedback from proprioceptors and
metaboreceptors from the respiratory muscles, perceived as
dyspnoea and specifically described as an excessive
respiratory effort. Consequently, air trapping and dynamic
hyperinflation develop as the airflow resistance becomes
greater. Dynamic hyperinflation decreases the efficiency of
respiratory muscles, which now work at an ineffective length.
This determines the activation of chest wall proprioceptors and
pulmonary stretch receptors (slowly adapting stretch receptors,
SARs, and rapidly adapting stretch receptors, RARs). The result
is an elevation in corollary discharge by the breathing
movements command, also perceived as dyspnoea,
specifically described as ‘air hunger’. In severe ECOPD,
hypoxaemia with or without hypercapnia may stimulate arterial
chemoreceptors, increasing the respiratory drive and
sharpening the sensation of air hunger. The mechanisms of
dyspnoea in ECOPD also involve bronchopulmonary C-fibers,
which are vagal afferents innervating the mucosa of the
respiratory tree. Exogenous or endogenous factors that appear
in ECOPD, such as chemical irritants, infectious agents and
inflammatory mediators, cause the activation of the bronchial
C-fiber receptors. The main effects of their activation are
bronchoconstriction with an elevation in bronchial tone,
hypersecretion in the mucosa, cough and dyspnoea.
Exogenous or endogenous factors also cause the
inflammation-induced hypersensitivity of C-fibers even to
normal physiological stimuli, such as common inspiration, by
activating C-fiber receptors and causing exaggerated sensory
and reflex responses.
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adhesion molecule-1 [20,25]. The acute increase in cellular and

molecular determinants of airway and systemic inflammation

may result in such systemic manifestations as fever, tachycar-

dia/bradycardia or hypertension/hypotension [24,26–29]

(Fig. 2). Acute respiratory infections, including ECOPD

induced by infections, may have significant systemic effects on

non respiratory organs. For example, acute respiratory tract

infections and exacerbations of COPD increase the risk of

myocardial infarction and stroke [30]. The mechanisms

underlying this association may involve prothrombotic and

haemodynamic effects of acute respiratory infections [31]. A

transient increase in the risk of cardiovascular events (myo-

cardial infarction and stroke) was determined during the first

3 days after a diagnosis of respiratory tract infection [32]. These

effects might explain the high incidence of non respiratory

causes of death, especially cardiovascular, in influenza epi-

demics [33].

The role of concomitant disorders of COPD in
mimicking ECOPD

Concomitant chronic diseases are a significant feature of

COPD, meaning that in most cases they are just one compo-

nent of the multimorbidity that affects an increasing number

of people, particularly the elderly. These diseases have a sig-

nificant, negative influence on the natural course of COPD and

the patients’ quality of life and survival [9,34]. Cardiovascular

and metabolic diseases, osteoporosis, depression and lung

cancer are the most frequent concomitant chronic diseases in

patients with COPD [34–36]. The results from Towards a

Revolution in COPD Health (TORCH) trial revealed that

patients with COPD die not only of respiratory failure asso-

ciated with COPD, but mostly of other causes, particularly

cardiovascular diseases such as myocardial infarction and

stroke or cancer [37].

Exacerbation of concomitant disorders in patients with

COPD may present clinically with not only organ-specific but

also organ-nonspecific symptoms, particularly dyspnoea. These

symptoms may mimic the dyspnoea occurring in COPD

patients with respiratory infections and/or exposure to pollu-

tants, in that exacerbations in both cases are focused on the

airways and lung. While the latter should continue to be con-

sidered an exacerbation of COPD, the former is rather an

exacerbation of respiratory symptoms, particularly dyspnoea,

in patients with COPD.

In other words, the acute events occurring in chronic diseases

associated with COPD may trigger dyspnoea by different

pathways, with particularities determined by the specific

pathogenic mechanisms of each disease, leading to some

diagnostic uncertainty regarding the nature of the

exacerbations.

Figure 2 Mechanisms of systemic consequences in
exacerbations of airway inflammation in COPD. Fever may be
caused by the pyrogenic properties of some cytokines released
during systemic inflammation: TNF-a, IL-1b and IL-6. These
cytokines activate neurons in organum vasculosum laminae
terminalis, one of the circumventricular organs of the brain,
which is interconnected with the median preoptic nucleus of
the hypothalamus and acts as a coordinating centre in
thermoregulation. The pyrogenic effects were demonstrated
not only for cytokines but also for bacterial endotoxin released
in the systemic circulation, which may occur in acute infections
of the airway. Prostanoids, including prostaglandin (PG)D2,
PGE2, PGF2a, PGI2 and thromboxane A2, were shown to be
potential inducers of various adaptive responses in systemic
inflammation. In the endothelial and perivascular cells of the
blood–brain barrier, upstream pro-inflammatory cytokines are
switched to a downstream mediator, PGE2. The receptor for
PGE2 of preoptic neurons seem to be the primary ‘fever
receptor’ in the febrile response induced by bacterial
endotoxins. The production of thromboxane A2 and PGF2a
during systemic inflammation may cause tachycardia by a
direct action on the heart, independent of sympathetic nervous
system activity. This direct mechanism does not exclude the
role of the sympathetic nervous system in tachycardia
associated with systemic inflammation. Beta-blockade
attenuated tachycardia induced by bacterial
lipopolysaccharide, showing that the sympathetic nervous
system may be involved in triggering systemic effects of
infection. There is evidence that respiratory reflexes also result
in systemic effects during airway inflammation and infection.
Thus, the activation of bronchopulmonary C-fibers in ECOPD
may lead to bradycardia and hypotension. Furthermore, the
inflammation-induced hypersensitivity of C-fibers results in
amplification of the systemic consequences.

512 ª 2013 The Authors. European Journal of Clinical Investigation ª 2013 Stichting European Society for Clinical Investigation Journal Foundation

M. ROCA ET AL. www.ejci-online.com



Extrapulmonary comorbidities

Gastroesophageal reflux
One of the major risk factors for COPD exacerbations is gas-

troesophageal reflux disease (GERD) [20,25], and gastro-

esophageal reflux disease is one of the most commonly

diagnosed diseases seen in outpatient clinics with the esti-

mated prevalence of 14–20% in the adult general population

[25,38]. Patients with a variety of chronic respiratory diseases,

including asthma, cystic fibrosis and idiopathic pulmonary

fibrosis (IPF), have a higher prevalence of GERD compared

with general population [25,38]. The exact mechanisms of the

observed associations between GERD and pulmonary diseases

or symptoms are still unknown. Respiratory symptoms might

be related at least in part with a higher intra-abdominal

pressure, caused by hyperinflation and respiratory muscle

effort, causing reflux with subsequent microaspiration of the

gastric contents.

Cardiovascular disorders
Cardiovascular disorders such as hypertension, chronic heart

failure, ischaemic heart disease and arrhythmia are the most

frequent disorders seen in patients with COPD [9,34–36]. In the

natural course of these cardiovascular chronic diseases occur

acute events, which may result in respiratory symptoms

[21,23,24] (Fig. 3).

Hypertension
Hypertension, the most prevalent concomitant disease in

COPD, is reported in up to 60% of patients with COPD

[35,36]. The pathophysiological link between COPD and

hypertension might be determined by the systemic elevation

in proteolytic activity, resulting in increased elastin degra-

dation in various organs, including the arterial wall, with an

increase in arterial stiffness, which correlates with emphy-

sema severity [39]. Flow-mediated mechanism of vascular

dilation is impaired in COPD, this alteration correlating with

levels of systemic inflammation markers (IL-6 and C-reactive

protein) in ECOPD [40]. This could be important in exacer-

bations of respiratory symptoms caused by acute inflamma-

tion of the airways and lung in patients with COPD,

associated with concomitant systemic inflammation, which

may result in an imbalance of vascular reactivity and eleva-

tion in arterial pressure.

Independent of the course of COPD, a patient with con-

comitant arterial hypertension may develop a hypertensive

crisis. This event results from imbalance in renin–angiotensin

axis and other neurohumoral pathways, causing an acute

intravascular volume overload and further acute elevation in

blood pressure. Patients with decreased systolic and diastolic

capacity to adapt to acute changes in loading subsequently

experience left ventricle overload, systolic and diastolic dys-

function, elevation in pulmonary venous pressure and fluid

Figure 3 Mechanisms of respiratory symptoms determined by
acute cardiovascular events. Hypertensive crisis, acute
decompensated heart failure, angina pectoris, myocardial
infarction and atrial fibrillation are specific acute events thatmay
occur in chronic cardiovascular disorders. As a common
pathway in determining dyspnoea, these acute events share
acute dysfunction of the left ventricle, resulting in pulmonary
congestion and activation of the specific receptors in the lung
and respiratory muscles. In particular, the accumulation of
interstitial fluid activates juxtapulmonary capillary (J) receptors.
J receptors are a category of pulmonary C-fiber receptors,
located close to the alveolar capillaries, which, in conditions of
pulmonary oedema,may contribute to dry cough and dyspnoea.
Pulmonary oedema also results in mismatch in the ventilation/
perfusion ratio and, consequently, hypoxaemia and dyspnoea.
Rapidly adapting stretch receptors (RARs), located in the region
of the airways close to bronchial venules, also detect changes in
extravascular fluid volume. Pulmonary venous congestion
causes the increase in extravascular fluid in the airways, and the
activation of RARs is responsible for dyspnoea on exertion. At
the same time, the increased work of breathing, caused by the
alteration in lung compliance, may result in dyspnoea by the
activation of muscle proprioceptors and metaboreceptors,
perceived by the patient as excessive respiratory work.
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extravasation from pulmonary capillaries, with respiratory

symptoms and pulmonary oedema [41].

Heart failure
Heart failure, most often left ventricular systolic dysfunction, is

a frequently unrecognized comorbidity in COPD with a prev-

alence that varies considerably (10–46%) among the results of

clinical studies [42]. Emphysema and hyperinflation seem to

affect haemodynamic mechanisms, with an important role in

promoting heart dysfunction in patients with COPD. In mild

emphysema, endothelial dysfunction of the pulmonary micro-

vasculature and loss of pulmonary capillary bed may result in

impaired left ventricular filling. During exacerbation of respi-

ratory symptoms in patients with COPD, the worsening of

hyperinflation may trigger the acute decompensation of heart

failure. Severely increased hyperinflation results in the signifi-

cant elevation in intrathoracic end-expiratory pressure, conse-

quently altering pulmonary vascular compliance. This results

in an elevated right ventricular load, a reduced right ventricu-

lar stroke volume and impairment of left ventricular filling

[43,44]. Even when is unrelated to an increase in airway and

lung inflammation, acute decompensation of heart failure may

still cause respiratory symptoms. The decompensation of left

ventricular systolic function results in a decrease in cardiac

output, an increase in left ventricle filling pressure and the

elevation in the subsequent retrograde pulmonary venous

pressure; fluid extravasations into the interstitial and/or

alveolar space; oedema; and respiratory symptoms such as

dyspnoea and orthopnoea.

The supine position brings about a redistribution of blood

volume from the lower extremities and splanchnic beds to the

lungs, enhancing pulmonary oedema and causing a marked

decrease in expiratory reserve volume. This mechanism

explains orthopnoea in acute decompensation of heart failure.

Furthermore, the decrease in functional residual capacity may

result in airway closure, causing a limitation in tidal flow. This

produces a mismatch in the ventilation/perfusion ratio, with

alteration in gas exchanges and worsening of hypoxaemia and

dyspnoea [45,46].

Ischaemic heart disease
Ischaemic heart disease, a frequent comorbidity in COPD, is

associated with worse health status, such as more severe

dyspnoea and longer exacerbations [47]. The most important

pathogenic mechanism of ischaemic heart disease is coronary

atherosclerosis, but arterial spasm or embolism may also

cause this disorder. Oxidative stress resulting most often

from smoking, a commonly shared risk factor, and systemic

inflammation have been reported to represent pathophysio-

logical links between COPD and atherosclerosis [48]. Acute

airway and lung inflammation in ECOPD is associated with

systemic inflammation and systemic effects such as fever or

tachycardia. Tachycardia causes reduced diastolic filling time

and elevated cardiac workload. This may result in a mis-

match in the myocardial supply/demand ratio, in patients

with coronary artery disease, and subsequently in myocardial

ischaemia and angina pectoris. Exertion and psychological

stress may also produce myocardial ischaemia by similar

mechanisms, completely unrelated to acute inflammation of

the airways and lung. Myocardial ischaemia determines lac-

tate accumulation, acidosis and may result in contractile

dysfunction. Sudden onset of myocardial ischaemia usually

appears as angina pectoris, a clinical syndrome of precordial

discomfort or pain. In some cases, myocardial ischaemia may

manifest as a syndrome of painless dyspnoea. The main

mechanism of this syndrome is determined by a wide area of

ischaemic myocardium with left ventricle regional dysfunc-

tion, resulting in the elevation in left ventricle end-diastolic

pressure and subsequent pulmonary congestion. Ischaemia

that affects papillary muscle could result in mitral regurgi-

tation with severe dyspnoea. A neurogenic mechanism

involving a crosstalk phenomenon for pain signals from is-

chaemic myocardium in thoracic sympathetic ganglions may

also result in a false perception of dyspnoea [49].

Sixteen percentage of patients with severe exacerbation of

COPD have increased serum troponin values, which is

accompanied by an increase in mortality at 30 days [50]. One in

12 patients with severe ECOPD had raised troponin, chest pain

and/or serial ECG changes and therefore met the criteria for

myocardial infarction [51].

Atrial fibrillation
Analysis of the data from the Copenhagen City Heart Study

revealed an elevated frequency of atrial fibrillation in patients

with COPD, the alteration in lung function being a predictor for

the occurrence of this arrhythmia [52]. Atrial fibrillation

involves the loss of the contribution of atrial contraction to

ventricular filling, leading to a decrease in cardiac output. This

is clinically significant, particularly at the onset of atrial fibril-

lation or when ventricular rate suddenly rises, because it may

lead to left heart failure, producing consequences for retrograde

pulmonary circulation with pulmonary congestion, generating

dyspnoea.

Pulmonary embolism
Clinical studies proved a prevalence of pulmonary embolism of

3�3% in patients admitted to the emergency departments for

ECOPD [53] and 25% in patients hospitalized for severe ECOPD

of unknown origin [54]. In the acute setting of pulmonary

embolism, the obstruction of a pulmonary artery causes a sud-

den increase in anatomical dead space in the lung parenchyma,

determined by ventilation without perfusion. This produces
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acute hypercapnia that may activate the carotid arterial chemo-

receptors, resulting in dyspnoea. Pulmonary embolism causes

alveolar haemorrhage, destruction of the alveolar–capillary

interface, loss of surfactant and atelectasis. The stimulation of

bronchopulmonary C-fibers by local injury may produce bron-

choconstriction, mucus secretion, cough and tachypnoea. Ate-

lectasis and bronchoconstriction cause a mismatch in the

ventilation/perfusion ratio and subsequent arterial hypoxaemia;

the activation of vascular chemoreceptors results in dyspnoea.

The activation of vagal receptors (RARs and J receptors) in the

injured parenchyma may also generate dyspnoea [55].

Depression
Screening for depression in patients with COPD has shown a

25% incidence of any mood disorder and an 11% incidence of

major depressive disorder [56]. Depressive symptoms have a

significant effect on the intensity of dyspnoea and on the length

of hospitalization in patients with ECOPD [57]. Breathing is

under the physiological control of respiratory centres. Medul-

lary, cortical and limbic centres control cognitive, affective and

autonomic aspects of breathing. Dyspnoea may be generated by

respiratory stimuli, acting in the airway and lung, and by the

cognitive and affective framing of experience. Panic, anxiety or

depression may result in dyspnoea [58]. As a concomitant

disorder in patients with COPD, depression may not only

worsen the dyspnoea related to chronic lung disease, but may

also intensify dyspnoea by its psychological effect, independent

of COPD. Furthermore, exacerbations of depression may occur,

thereby increasing dyspnoea and mimicking ECOPD.

Although depressive symptoms have a significant impact

on dyspnoea, this just does not fully explain the increased

risk of exacerbations, hospitalizations and especially mortality

observed in depressed patients [9,59,60]. Actually, depression

is considered by many authors a disease with an inflamma-

tory component, because i) even in the absence of medical

illness, depression is associated with raised inflammatory

markers; ii) inflammatory medical illnesses (COPD, ischaemic

heart disease) are associated with greater rates of major

depression; iii) patients treated with cytokines for various

illnesses are at increased risk of developing major depressive

illness [61].

Concomitant pulmonary diseases

Asthma
Obstructive airway disease may be a combination of asthma

and COPD (overlap syndrome). Data obtained in a cross-

sectional study revealed a prevalence of the overlap syndrome

in general population that varies from 13%, prior to age of

40 years, to 21.7%, when no age restriction was used in the

definition of asthma [62].

Overlap syndrome determines an increased variability con-

comitant with an incomplete reversibility of the airway

obstruction [63]. It also causes recurrent exacerbation of respi-

ratory symptoms, making it difficult to distinguish those pro-

duced by COPD from those produced by asthma. In both

asthma and COPD, fixed airflow obstruction is associated with

increased lung function decline and frequency of exacerbations.

Even though there are differences between the inflammation

seen in COPD and in asthma, the episodes of disease exacer-

bation are characterized by similar patterns of inflammation

and symptoms such as cough with sputum and dyspnoea

[64,65]. Airway obstruction, air trapping and dynamic hyper-

inflation in asthma exacerbations result in additional work of

breathing, leading to specific afferent feedback from muscle

proprioceptors and metaboreceptors, perceived by the patient

as excessive respiratory effort. The activation of chest wall

proprioceptors and pulmonary stretch receptors results in

sensory perception of dyspnoea, manifested as air hunger. This

symptom can also result from an increase in respiratory drive,

produced by the activation of arterial chemoreceptors in

hypoxaemia and/or hypercapnia [21]. A pathognomonic

feature in asthma is airway hyper-reactivity, which appears to

be associated with airway inflammation and remodelling. Even

though additional research is needed, some studies support the

hypothesis of airway ‘hyper-reactivity’ determined by para-

sympathetic ‘hyper-reflexivity’ in asthma [66]. The perception

of dyspnoea by the patient is more specific for asthma than for

COPD. It is experienced as ‘tightness’ during the early stages of

an asthma attack, associated with bronchoconstriction, and

resulting from the stimulation of RARs and C-fiber vagal

receptors in the airway [21,22].

Pneumonia
Patients with COPD have a higher risk of developing pneu-

monia than general population. Previous incidents of severe

ECOPD requiring hospitalization, as well as the existence of

comorbidities in COPD, result in additional risk for pneu-

monia (odds ratio 2�7, 95% confidence interval 2�3–3�2) [67]. In
bacterial pneumonia, the infectious agent induces the migra-

tion of neutrophils into the alveolar space and the release of

cytokines, resulting in acute inflammation. The neutrophils

phagocytize bacteria, and the alveolar space is filled by

inflammatory exudate containing antibodies, complement

proteins, C-reactive protein and pentraxin, which are

involved in opsonic, bacteriostatic and microbicidal functions

[68]. Dyspnoea, cough and sputum are the main symptoms of

pneumonia and may create diagnostic difficulties in patients

with COPD because of the clinical similarities with ECOPD.

Some similarities in the response during oxygen therapy may

also create diagnostic confusion. In the affected parenchyma,

pneumonia causes abnormal gas exchanges characterized by
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marked increases in intrapulmonary shunt, combined with

ventilation/perfusion mismatch, resulting in hypoxaemia with

or without hypercapnia. Research has shown that high-

concentration oxygen therapy decreases hypoxic pulmonary

vasoconstriction. However, this may alter the dispersal of

pulmonary blood flow by worsening the ventilation/perfu-

sion mismatch, without influencing intrapulmonary shunt

and resulting in increased hypercapnia. This effect is similar

to that of high-concentration oxygen therapy in patients with

ECOPD [69]. In pneumonia, dyspnoea may be produced by

activation of arterial chemoreceptors in hypoxaemia or

hypercapnia and also by vagal receptors (RARs and J

receptors) in the injured parenchyma.

Bronchiectasis
Bronchiectasis is a comorbidity in 30–50% of patients with

COPD. The coexistence of the two diseases may increase the

duration of hospitalization, even though it has not been clearly

proved to have an influence on mortality [70]. Bronchiectasis is

characterized by marked inflammation of the bronchial wall,

mainly in the smaller airways, by bronchial dilation and alter-

ations caused by postinfectious or systemic disorders, which

impair airway clearance and physiological defence. Neutroph-

ils are the most prominent cell type in the bronchi, producing

proteases, elastases and matrix metalloproteinases. The result is

epithelial injury, mucus hypersecretion, altering of the muco-

ciliary clearance and plugging of the airway. Bronchiectasis is

often complicated by Gram-negative or mycobacterial infec-

tions [71]. The infections may be involved in the acute

exacerbations of bronchiectasis, characterized by increased

airway inflammation and mucus hypersecretion, worsening of

the obstructive dysfunction and clinically reflected in the

aggravation of cough and dyspnoea [72]. COPD and bronchi-

ectasis share the main respiratory symptoms, particularly

dyspnoea, but also cough with sputum, which may result in

diagnostic difficulties during exacerbations. In exacerbations of

bronchiectasis, respiratory symptoms such as cough and

dyspnoea may be caused by the activation of bronchial C-fiber

receptors triggered by airway infection and/or inflammation.

Depending on the severity of the obstruction, a decrease in lung

compliance may cause the activation of RARs, muscle pro-

prioceptors and metaboreceptors, with worsening of the

dyspnoea. This symptom may also result from activation of

arterial chemoreceptors in severe exacerbations associated with

hypoxaemia with or without hypercapnia.

Idiopathic pulmonary fibrosis
Pulmonary fibrosis and emphysema may combine in a distinct

entity characterized by severe impairment of gas exchange, a

high prevalence of pulmonary hypertension and poor survival

[73]. COPD and IPF seem to share abnormalities in the mech-

anisms of normal lung ageing, including oxidative stress, reg-

ulation of telomere length, immuno- and cellular senescence,

and changes in anti-ageing molecules and in the extracellular

matrix [74]. IPF is characterized by episodes of acute exacer-

bation, defined by significant, acute worsening of the patient’s

clinical condition without an identified cause. Rapidly pro-

gressive dyspnoea is the most prevalent symptom and may be

associated with cough and fever. The major histological finding

is diffuse alveolar damage. A criterion for diagnosis is abnor-

mal gas exchange or a decrease in PaO2 [75]. The upregulation

of genes related to stress response and mitosis-related genes in

alveolar epithelium proves the central role of epithelial injury

in acute exacerbations of IPF. Widespread apoptosis of epithe-

lial cells results in epithelial proliferation, as a potential com-

pensatory response to injury. Gene expression pattern research

did not indicate bacterial or viral infections as causes of epi-

thelial injury in acute exacerbations of IPF, even though this

could not rule them out. Furthermore, the research did not find

upregulation of inflammation-related gene expression (IL-1, IL-

6, TNF-a or NF-jB) [76]. If IPF is concomitant with COPD, its

exacerbation may mimic the exacerbation of COPD, resulting in

a diagnostic problem. In IPF exacerbation, dyspnoea may be

caused mainly by hypoxaemia resulting from abnormal gas

exchange, triggering the activation of vascular chemoreceptors.

Pneumothorax
Clinical research has shown an association between sponta-

neous pneumothorax and COPD in 8.7% of cases [77].

Bullous emphysema in COPD is an important cause of

pneumothorax. The acutely installed symptoms caused by

spontaneous pneumothorax in a patient previously known to

have COPD may mimic ECOPD. The most important

symptom of pneumothorax, dyspnoea, is generated by vari-

ous mechanisms. Sudden deflation of the lung activates the

RARs in the affected lung, with known effects in acute

dyspnoea. The absence of ventilation creates the shunt effect

because of the area of parenchyma that has normal perfusion

but is not ventilated. The vascular shunt results in hyp-

oxaemia, activating arterial chemoreceptors and producing

dyspnoea [22].

Systemic inflammation – a pathogenic link
between COPD and comorbidities

Exacerbations of chronic obstructive pulmonary disease are

characterized by additional elevation in airway, lung and

systemic inflammation compared with baseline COPD [20,25].

Systemic inflammation may be the pathogenic link between

COPD and the coexisting diseases. Furthermore, the addi-

tional systemic inflammation associated with ECOPD may be

the pathogenic link between exacerbation and the concomitant
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acute decompensation of comorbidities. The cardiovascular

diseases involving atherosclerosis as the main pathogenic

mechanism are important comorbidities of COPD. C-reactive

protein and IL-6 – biomarkers of systemic inflammation in

COPD and its exacerbations—are also biomarkers of athero-

sclerosis, correlating with the severity of peripheral arterial

disease and with the progression of atherosclerotic lesions,

respectively [78]. Analysis of data from the Edinburgh Artery

Study demonstrated the importance of systemic inflammation

in determining the risk of acute cardiovascular events. Hazard

ratios for myocardial infarction and stroke correlated with

levels of inflammation markers: C-reactive protein, IL-6 and

fibrinogen [79]. Clinical research has shown the association

between ECOPD and various pathogenic mechanisms, deter-

mining the risk of acute cardiovascular events [80–85] (Fig. 4).

There is also some evidence for the inverse relationship

between pre-existing systemic inflammation and ECOPD.

Serum fibrinogen, a marker of systemic inflammation, is a

predictor for the occurrence of severe ECOPD [86]. Analysis

of the effects of metabolic syndrome, a disorder that may

Figure 4 Mechanisms of risk elevation in acute cardiovascular events, associated with ECOPD. The vascular endothelium is an
important site in which the effects of enhanced systemic inflammation in ECOPD may occur. The increase in plasma von Willebrand
factor and fibrinogen and 24-h urine microalbuminuria indirectly demonstrate the endothelial dysfunction in ECOPD. Furthermore,
this dysfunction was also proved by the alteration in the mechanism of flow-mediated vascular dilatation. Endothelial progenitor
cells (EPCs) are a special type of stem cells found in the bone marrow and peripheral blood. Even though the pathways involving
EPCs are only partially understood, they are known to be involved in protection and repair of dysfunctional endothelium, including
protection against atherosclerosis. The capacity of EPCs to repair is altered in patients with COPD. This might result in elevated
susceptibility for injury to the vascular endothelium, including atherosclerotic lesions. Although it has not been proved that EPC
dysfunction is a cause or an effect of COPD pathogenesis, it is clear that EPCs constitute a pathogenic link between chronic lung
disease and coexistent cardiovascular disorders. Furthermore, EPC levels are higher during exacerbation of respiratory symptoms
than in stable COPD and that elevation in plasma vascular endothelial growth factor (VEGF) is associated with systemic
inflammation. Interestingly, acute cardiovascular events such as coronary artery disease involve a similar pathogenic pathway,
including systemic inflammation with plasma VEGF elevation resulting in increased numbers of EPCs. An important mechanism in
the pathogenesis of atherothrombosis involves the interaction of inflammatory cells with activated platelets, resulting in an increase
in the level of circulating platelet–monocyte aggregates. Levels of platelet–monocyte aggregates are increased in COPD compared
with non-COPD and in ECOPD compared with baseline COPD. This proves the activation of atherosclerotic mechanisms in ECOPD.
ECOPD are also an important prothrombotic condition, being associated with significantly elevated levels of von Willebrand factor,
D-dimer, prothrombin fragment 1 + 2 and a cytokine with prothrombotic effects, IL-6. The disorder of endothelial structures and the
increased levels of circulating platelet–monocyte aggregates and prothrombotic mediators may explain the risk of acute
cardiovascular events in ECOPD, including myocardial infarction and stroke.
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appear as a comorbidity of COPD, demonstrated that patients

with COPD and metabolic syndrome present more frequent

acute exacerbations than do patients with COPD without this

comorbidity. Increased serum C-reactive protein in patients

with metabolic syndrome is significantly correlated with

ECOPD frequency [87]. More studies are needed to clarify the

effect of systemic inflammation in the pathogenesis of

ECOPD.

Conclusions

Exacerbations of chronic obstructive pulmonary disease are

complex events in the natural history of COPD, dramatically

affecting lung function decline, patients’ quality of life and

long-term mortality. ECOPD are heterogeneous events with

respect to associated inflammatory response and aetiology.

Biological and clinical phenotypes in ECOPD are determined

by intricate interactions between different aetiological patho-

genic factors and individual response. The pathogenic rela-

tionship between ECOPD and comorbidities is extremely

complex and poorly understood. The direction of this rela-

tionship is sometimes uncertain, and the interactions between

diseases appear to be reciprocal. However, it has clearly been

proved that comorbidities affect ECOPD frequency and sever-

ity and alter the long-term prognosis.

The clinical presentation of ECOPD can be determined not

only by acute ‘bronchitis’ or ‘alveolitis’ induced by infections or

pollutants, that is, the properly named exacerbations of COPD,

but also by acute decompensation of respiratory or non

respiratory concomitant disorders, that is, the more properly

named exacerbations of respiratory symptoms in patients with

COPD [88]. This distinction generates diagnostic and therapeutic

issues, and more comprehensive approaches are needed. Not

only the baseline lung disease but also the comorbidities must be

considered. More sensitive and specific biomarkers are neces-

sary to identify and establish the real weight of every concomi-

tant pathogenic entity in the clinical presentation of ECOPD.
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