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Airway Clearance Indicationsin Chronic
Obstructive Pulmonary Disease: An Overview

Jane M. Braverman, Ph.D.

Chronic obstructive pulmonary disease (COPD) is a disease process characterized by progressive,
irreversible airway obstruction and destruction of the pulmonary parenchyma. As a result, the
ability of the lungs to perform ventilation is diminished. Pathological features include distention of
interstitial tissues by gasor air, resulting in destructive changesin the pulmonary parenchyma.

COPD is not a primary disease entity. Rather, it is an umbrella categorization of complex, often
mixed pathologies including chronic bronchitis,® pulmonary emphysema,® chronic asthma, and
chronic bronchialitis. The most prominent disease process may occur within the airways or within
the lung parenchyma. Although the pathophysiology of airflow obstruction is different in each of
these disorders, patients frequently demonstrate features of two or more underlying conditions. The
broad term COPD isused to designate a condition that defiesmore precise classification; the concept
of COPD as a diagnostic category continues to evolve and remains controversial .**

Epidemiology inflammatory process with cellular infiltration and

. . variable degrees of fibrosis.
COPD ranks among the leading causes of adult morbidity

and mortality worldwide. Because COPD is not a clearly
standardized diagnosis, specific data are difficult to interpret.
However, an estimated 16 million Americans have the
diseasé With approximately 85,000 deaths annually, COPD

places fourth as a cause of death in the United Sfates.

 Emphysema, in simple terms, is a pathological
distention of interstitial tissues by gas or air, and
subsequent destruction of alveolar walls. Several
subtypes of emphysema are recognizedhut the
centrilobular form, in which predominant involvement
and dilation occurs in the respiratory bronchioles, is the
most important factor in precipitating airflow
obstruction.

The costs of COPD are enormé#éidhe economic burden
upon the health care system, society at large, and affected
patients and their families is staggering. Costs, both
economic and human, associated with medical and auxilia@/OPD affects the bronchi,

care, loss of livelihood, diminished quality of life and ulmonary  parenchyma. The pathophysiological
reduced life expeptancy cannot be estimated. As knOWIedg‘ansequences resulting from disease at each of these levels
of the pathophysm_logy of COPD gx_pands, as awareness Qfyibite to the overall clinical picture of COPD.

the enormous social and economic impact of COPD 9'0Wsherefore, to understand the pathophysiology of COPD, it is

gnd as t_he_ success of smoklng ce_ssanon stra‘Fegles IMProV§ssful to review structure-function correlations for each of
it is realistic to hope that this public health epidemic can bﬁ’]ese aspects of COPD:

controlled.

the bronchioles, and the

.  To the extent that chronic bronchitis is present, structural
Pathophysiology alterations in mucus-secreting glands in the bronchi

Because COPD typically includes elements of both chronic "esult in mucus hypersecretion and alterations in mucus
bronchitis and emphysema, the pathophysiology of COPD is characteristics;

highly idiosyncratic. Understanding of the disease process

must acknowledge the greater or lesser role of these and Also in the presence of chronic bronchitis, hypersecretion
other underlying pathologies. and inflammation of the bronchi and bronchioles

contribute to airflow obstruction by effecting

« Chronic bronchitis is characterized by enlargement and corresponding decreases in the caliber of airways;

multiplication of the mucous glands, resulting in _ S o

increased airway mucus production. In chronic * Inflammation and emphysemic fibrosis in the

bronchitis, evidence suggests that not only is the bronchioles further restrict airfloivand

guantity of mucus increased, but its composition may

be altered as well, becoming abnormally viscous. * In the pulmonary parenchyma, emphysemic

Moreover, bronchial walls show evidence of an destruction of alveolar walls and consequent loss of



elastic recoil results in decreased expiratory flow rateSmoking also damages small airways. Exposure to smoke
because: results in bronchiolar narrowing, inflammation and
fibrosis. These changes are thought to explain much of
1) a reduced driving pressure is available foithe airflow obstruction seen in patients with mild COPD.
expiratory airflow; and Tobacco-related damage to pulmonary parenchyma
results in the eventual development of emphysema. The
2) damaged alveolar walls diminish the tractionpathophysiology of emphysema is complex. Current
exerted by supporting tissues from the pulmonaryhought favors the protease-antiprotease hypothesis of the
parenchyma, thus promoting airway collapse duringssociation between smoke exposure and destruction of

expiration. the alveolar wallg® Simply expressed, emphysema is a
consequence of the destruction of the connective tissue
Other pathophysiological manifestations of COPDmatrix of the alveolar walls by proteolytic enzymes.

including specific abnormalities in pulmonary function, theThese enzymes, called proteases, are released by
mechanisms of gas exchange, and pulmonary hypertensiamflammatory cells in the alveoli and break down elastin,
while crucial to an understanding of the disease state, fall protein important for the structural integrity of the
outside the scope of this discussion of airway clearan@dveolar walls. The pathologic changes of emphysema
indications. appear in proportion to the elastolytic activity of such
enzymegs#
Etiology: Tobacco Smoking and COPD
Clinical Features

Cigarette smoking, both active and passive, is believed to
be the major etiological factor in the development ofn mild COPD, symptoms are insidious and typical patients
COPD®* |Investigations of other factors, including air do not seek medical help until they experience an acute
pollution (occupational or urbaffjnfection (especially exacerbation. In early disease, cough and the production of
during early childhoody, and genetic® suggest that mucoid or purulent sputum are common; in advanced
these might modify host response to cigarette sriféke. disease, breathlessness, often severe, accompanies even
Because only 10-20% of smokers develop severe COPBljght physical exertion. Persons with COPD typically
other factors in addition to those cited, such aslemonstrate less than 50% normal lung funcfi$ithere
socioeconomic status, diet and nutrition, climate, andhay be concomitant asthma or congestive heart failure with
nonspecific airway hyper-responsiven&ssjay modify characteristic bronchospasm. In addition to chronic
risk. symptoms, disease progression is punctuated by episodes
of acute exacerbation, most commonly triggered by viral or
Smoking affects the lung at various loci: the bronchi, théacterial respiratory infections or exposure to air
bronchioles, and the lung parenchyma. The effect giollutants.
tobacco smoke in the larger airways (i.e. the bronchi)
alters both the structure and function of the bronchidh the diagnosis of COPD, the following symptoms are
mucous glands. Exposure to smoke increases both thknically significant:
number and size of these mucus-secreting glands, « Cough: Cough is an important respiratory defense

resulting in the production and deposition of excess
mucus within the lumen of the airway. In response to

enlarged, hyperactive mucous glands, as well as to the

influx of inflammatory cells, airway walls become
thickened. Correspondingly, the diameter of the airway

lumen is reduced and may more easily become congested

or plugged with mucus.

Tobacco smoke also induces structural changes in airway

cilia. Studies of the effects of chronic smoking on ciliary

ultrastructure have demonstrated the development of

numerous specific and non-specific morphological

changes, which occur in proportion to the duration and

dose of tobacco exposu¥eAbnormal cilia are frequently
dyskinetic with an ineffective strokKeand thereby
participate in the impairment of secretion clearance.

mechanism, functioning both to clear the airways of
excess mucus and to clear and protect airways from
foreign patrticles, including pathogens. In COPD,
frequent, sometimes convulsive coughing may result
in episodes of severe breathlessness. In advanced
COPD, severe cough may have serious
consequences. Syncope, or fainting, may occur when
there is an acute rise in intrathoracic pressure during
the expiratory phase of the cough, producing a
transient reduction in venous return and reduced
cardiac output. Moreover, the high intrathoracic
pressures which develop during prolonged bouts of
coughing are sometimes sufficient to fracture one or
more ribs (“cough fractures”), especially in
immobile patients and/or those treated with
corticosteroid$® It is uncertain whether cough in
COPD is chiefly a physiological response to mucus



hypersecretion or a result of specific pathologicab Airway Obstruction: Mucus hypersecretion in COPD
alterations in the airway?. results in accumulation in central and peripheral
airways, contributing significantly to airway
« Mucoid or purulent sputum: In symptomatic COPD  obstruction. As a consequence of the pathophysiological
patients, alterations in the mucus-secreting glands resulichanges described earlier, including ciliary impairment,
in increased sputum production and impaired secretionincreased airway resistance, and reduced elastic recoil,
clearance. During infectious exacerbations, the usualthe smaller airways in particular are prone to secretion
colorless sputum may, as a function of the retention and mucus pluggiffg.
inflammation, become purulent. The physiochemical
properties of infectious sputum demonstrate rheological Mucociliary Function: The ability of the mucociliary
changes in viscosity, which promote secretion retention. apparatus to clear secretions is seriously compromised in
COPD as a result &f:
» Breathlessness (dyspnea): Chronic breath-lessness is
the most clinically important feature of COPD. Ciliary dysfunction: Structural damage to the cilia is
Patients experience chronic ventilation-perfusion  caused by exposure to tobacco smdke.addition to
(V/Q) mismatch as a result of mechanisms associated morphological changes, ciliary function may decrease.
with emphysema, chronic bronchitis, or a combination

of underlying pathologies. The resulting Mucus. Changes in the rheological properties of
breathlessness reflects decreased pulmonary function mucus occur as a result of exposure to tobacco smoke
and is associated with poor prognosisAs and of chronic bronchial infection and inflammation.

breathlessness progresses, patients rely increasingly Chemical and physical alterations render such mucus

upon accessory muscle groups to support ventilation. thicker, more tenacious, and therefore less easily

If these muscle groups are required for other physical cleared by either ciliary action or cough.

activities, the degree of breathlessness increases

dramatically? « Risk of Infection: Mucus hypersecretion and retention

favors the development of bacterial colonization with

« Acute exacerbation: The clinical course of COPD is  recurrent bronchial infection, pneumonia, and,

punctuated by episodes of acute exacerbation thatyltimately, respiratory failuré.

increase in frequency and severity as the condition

progresses. During an acute exacerbation, Morbidity and Mortality: A significant association has

worsening V/Q mismatch is related to partially peen demonstrated between mucus hypersecretion and

reversible pathophysiological abnormalities of increased illness and death among patients with

airway narrowing, such as mucus plugging, COPD3+#

bronchial wall edema, bronchoconstriction, and

overinflation and/or air trappin§. Some patients |n a recent long-term study of nearly 10,000 individuals,

may require assisted ventilation. chronic mucus hypersecretion was strongly and
consistently associated with increased frequency of
The Role of Mucusin COPD hospitalization because of COPD.

COPD 'is a_compl_ex, v_arlable, anql mcompletelyln another study, involving nearly 14,000 subjects followed
understood diagnostic entity. Mucus is one of man

important components in the overall pathophysiology or 10 years, chronic mucus hypersecretion in persons with

T ) . COPD-related ventilatory impairment was associated with
Mucus hypersecretion is a manifestation of glandular or ~. "

. . a significantly poorer prognosfs.
goblet cell hypertrophy in the airway wall as a response

to noxious exposure. The presence of excess mucus may .

affect pulmonary function, pulmonary health anrgﬂeed for Airway Clearance Therapy

survival in several ways: The complexity of COPD as a diagnostic entity cannot be

overemphasized. Individuals with COPD represent a

« Pulmonary Function: Chronic mucus hypersecretion is heterogeneous population and manifest a broad spectrum
strongly associated with FEMecline in COPD. The of clinical and pathophysiological characteristics. Among
magnitude of decline is increased proportional ta large subset of COPD patients, chronic bronchitis is a
degree of mucus hypersecretion, thus supporting throminent feature of the illness. Patients who suffer from
concept of a causal role of chronic mucusexcessive pulmonary secretions are susceptible to mucus
hypersecretion in COPB. plugging and recurrent pulmonary infection. Recurrent



infection may affect the clinical course of COPD ador the diagnosis and care of patients with chronic obstructive
follows:# pulmonary diseasédm J Respir Crit Care Med 1995; 152: S77-S120.
*Beers MH, Berkow R, eds. Chronic obstructive airway disordéues.
. . . Merck Manual of Diagnosis and Therapy 17th ed. Whitehouse Station,
1) Recurrent acute infectious exacerbations acceleratg: verck & Co, 1999. 568-582.
the lung damage associated with COPD; *Roche N, Huchon GJ. Current issues in the management of chronic
obstructive pulmonary diseasé¥®spirology 1997; 2(3): 215-229.
2) Acute exacerbations are themselves associated Wﬁhﬂ 1989, Feinleib et al. comprehensively reviewed mortality data from
bidit d tality: the U.S. and demonstrated a relatively persistent overall trend in deaths
morbidity and mortality, from 1950-1985, during which period the overall mortality from all
COPD increased approximately fourfold. Absolute mortality rates in
3) Chronic colonization/infection of the lower individuals aged 55-84 years in 1985 were approximately 200/100,000
respiratory tract contributes to cyclical progressivélor.maJes and 80/100,000 for females. The dramatic increa§e in t.he
lung damage; incidence of COPD cannot fully be explained by improved diagnosis
’ and record keeping. Feinlieb M, Rosenberg HM, Cillons JG, Delozier

. . . . E, Pokras R, Chevarley FM. Trends in COPD morbidity and mortality
4) Pulmonary infection and mucus plugging contribute the United StatesAm Rev Respir Dis 1989: 140: S9-S18.

to V/Q mismatching and often result in hypoxia; sCydulka RK, McFadden ER, Emerman CL, Sivinski LD, Pisanelli W,
Rimm AA. Patterns of hospitalization in elderly patients with asthma

5) Acute hypoxia causes dyspnea and can affect globgild chronic obstructive pulmonary disease Respir Crit Care Med

health, including the cardiovascular and nervoug297: 156: 1807-1812.
' 9 rends in Chronic Bronchitis and Emphysema: Morbidity and
systems; and

Mortality. (American Lung Association, Epidemiology and Statistics

Unit March 1998).

6) Chronic hypoxia can result in pulmonary hypertensioff Among types of emphysema, two forms are clinically prevalent.
and cor pulmonale (right heart failure). Panlobular (panacinar) emphysema occurs in patients with alpha-1

antitrypsin deficiency and involves relatively uniform, diffuse damage.

. . . . Centilobular (centriacinar) emphysema is characterized by irregular
For COPD patients in whom airway secretions causgamage, with concentration of airspace enlargement at the level of

significant symptoms, airway clearance therapy isespiratory bronchioles.
recommended to help mobilize and clear retained!n addition, the degree of airway reactivity, determined in part by
secretiong’** Effective airway clearance therapy helpsenvironmental and genetic factors, appear to modify the clinical

t infecti . ti d sl thexpression of the disease in individual patients.
prevent Infection, Improves oxygenation, and slows QRodriguez-Roisin R, MacNee W. Pathophysiology of chronic

progressive pulmonary deterioration associated WitBpstructive pulmonary disease. Management of Chronic Obstructive
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