DISEASES OF CHRONIC AIRFLOW OBSTRUCTION               (Dr. R. G. Hegele)

Introduction

Chronic airflow obstruction characterizes a variety of conditions in which there are decreases in volumes and flow rates of gas during expiration.  Asthma, chronic obstructive pulmonary disease (COPD), and bronchiectasis are diseases of chronic airflow obstruction.  As an important caveat, inflammation of the airways (and lung parenchyma, for some forms of COPD) is considered to play an important role in the pathogenesis of chronic airflow obstruction.

ASTHMA

Definition:  Asthma (“to pant”) is difficult to define, but is generally considered in terms of: (a) reversible airflow obstruction, (b) bronchial hyperresponsiveness, (c) chronic airway inflammation.  Asthma is a condition involving the conducting airways, with relative sparing of the lung parenchyma.  The reversibility of airflow obstruction (either spontaneously or after administration of bronchodilator agents) distinguishes asthma from other donditions of chronic airflow obstruction.  Bronchial hyperresponsiveness refers to the increased sensitivity and increased maximal response of airways to bronchoproactive agents.  Chronic airway inflammation has long been recognized as a hallmark of asthma, but only in recent years has the nature of the inflammatory process been studied extensively.

Epidemiology:  Because of the difficulty in defining asthma, the prevalence is variously mediated (“extrinsic”) asthma usually starting before age 30.  These patients typically have a familial background of allergy and have increased levels of IgE or positive skin tests to specific allergens (e.g., house dust mite, cats, ragweed, tec.).  By contrast, non-allergenic (“intrinsic”) asthma occurs commonly in middle age and involves reactions to a variety of enfironmental irritants (e.g., cigarette smoke, temperature, exercise, occupational agents).  In most patients, the disease is well controlled and death from asthma is rare.  In the 1980s, there was an apparent increase in asthma-associated morbidity and mortality, but this seems to have stabilitzed and perhaps decreased in recent years.

Pathophysiology:  During acute exacerbations of asthma (“asthma attacks”), there is widespread narrowing of the airways, resulting in cough, dyspnea and wheezing.  Although most attacks reverse spontaneously or after treatment with bronchodilators/antiinflammatory drugs, in rare instances, bronchospasm is recalcitrant to treatment (“staus asthmaticus”).  In allergic asthma, mechanisms of increased airway are believed to involve type I hypersensitivitiy reactions (“early” and “late” phase responses) occurring in the airways.  The release of pre-formed and newly synthesized chemical mediator of inflammation is believed to result in airway smooth muscle contraction, airway wall edema, increased mucus production and recruitment of additional inflammatory cells to the airway wall.  Stimulation of the parasympathetic innervation of the bronchial tree also results in airway narrowing, and this mchanism may be important in non-allergic asthma.  In addition, aiway epithelial cells can produce several bronchial relaxing factors and neutral endopeptidase (an enzyme important to inactivating some inflammatory mediators); however, in asthma, the aiway epithelium is usually damaged, leading to decreased production of these inhibitory substances.

Clinical Features:  These include mainly cough, shortness of breath and wheezing, with additional features of chest hyperresonance, use of accessory muscles of respiration, sputum production, tachypnea, tachycardia and feelings of acute distress/confusion.  Increased intrathoracic volume results decreased cardiac output (with decreased pulse pressure) during inspiration, i.e., pulsus paradoxus.  Hypoxia is related to ventilation-perfusion abnormalities due to airways obstruction.  Chest x-ray may show hyperinflation of the lung fields (minimal change in lung size between inspiration and expiration, flattened hemidiaphragms) with focal areas of atelectasis.  Pulmonary function tests reflect airways obstruction (increased TLC, FRC, and RV; decreased VC) and decreased flow rates (FEV1).  The anatomic basis for these physiological abnormalities is likely related to a combination of smooth muscle contraction, airway wall edema and increased mucus production.  In hyperinflated lungs, decreased elastic recoil (reflected by a shift up and to the left in the pressure-volume curve of the lungs) allows for increased changes in lung volume for small changes in pleural pressure.

Pathology:  At autopsy, the lungs may be hyperinflated after opening the chest cavity, with cute sections showing mucous plugging of airways.  Microscopically, the airway secretions contain clusters of sloughed epithelial cells (Creola bodies), productes of eosinophils (Charcot-Leyden crystals) and mucous “casts” of small airways (Curshmann spirals), all of which can also be observed in sputum specimens obtained from living asthmatic patients.  Histologically, the airways show mucous plugging; epithelial necrosis, shoughing and repair (squamous and goblet cell metaplasia); apparent thickening of the subepithelial basement membraine; mixed inflammatory cell infiltrates mostly of eosinophils, lymphocytes, mast cells and macrophages; apparent thickening of the airway smooth muscle; and increased deposition of extracellular matrix (airway remodelling).

Treatment:  The major objectives are to relieve symptoms and, whenever possible, to avoid specific triggers of acute exacerbations.  Medical therapy includes (2 adrenergic receptor agonists (act primarily by increasing bronchial smooth muscle relaxation), corticosteroids (anti-inflammatory), disodium cromoglycate (stabilization of mast cells membranes), methylxanthines (inhibition of phosphodiesterase, thereby increasing intracellular cAMP).  Less frequently, anticholinergics/sympathomimetics are used to shift the balance toward sympathetic nervous system.  Newer agents include leukotriene receptor antagonists and monoclonal antibodies.  Asthma vaccines are in development, with the overall goal to shift the balance toward TH1 (delayed type hypersensitivity) over TH2 (immediate hypersensitivity) responses to inciting antigens.

Chronic Obstructive Pulmonary Disease

Chronic obstructive pulmonary disease (COPD) refers to a family of conditions characterized by fixed (as opposed to reversible) airflow obstruction.  Chronic bronchitis, small airways disease and emphysema are often considered as distinct forms of COPD, but these conditions often co-exist to some extent within the same patient.  Pulmonary inflammation is likely involved in the pathogenesis of COPD, and in most affected patients, cigarette smoking is an important stimulus for this inflammatory process.  However, since only 15 – 20% of heavy smokers actually develop chronic airflow obstruction, other contributing factors to lung inflammation (e.g., latent and persistent viral lung infections) have been postulated to play a role in the pathogenesis of COPD.

Chronic Bronchitis:  Chronic bronchitis is a clinical entity defined by the production of excessive mucus in the bronchial tree, with resultant cough.  Although the diagnostic criteria for chronic bronchitis have occasionally undergone revision, the overall concept is that an affected patient has a cough productive of sputum, occurring daily for several months, over at least two consecutive years.  Whether chronic bronchitis alone causes fixed airflow obstruction is controversial.  Cigarette smoking is a major risk factor for developing chronic bronchitis.  Histologically, the cartilaginous airways show hypertrophy of mucous glands and the airway epithelium may show goblet cell metaplasia.  In recent years, there has been increased emphasis placed on the role of chronic airway inflammation to the pathogenesis of chronic bronchitis, as the amount of mucous gland hypertrophy does not always correlate with changes in lung physiology.

Small Airways Disease:  The term, “small airways disease”, (and many other designations, including “chronic bronchiolitis”) has been applied to a wide variety of conditions of diverse etiology and pathogenesis, with the common theme being that airways smaller than 2 mm in diameter are affected.  Despite ongoing confusion and debate over the appropriate use of “small airways disease”, there are several histologically recognized types that represent patterns of responses to injurious stimuli.  In the context of COPD related to cigarette smoking, the walls of smaller bronchi and bronchioles show varying degrees of chronic inflammation and/or fibrosis, hence such histological descriptions as “cellular” or “constructive” forms of chronic bronchiolitis.  By contrast, various injurious stimuli (e.g., certain drugs, collogen vascular diseases, noxious gases, viral infections) can produce so-called “proliferative” forms of small airways disease.  These forms of small airways disease are grouped under the general heading of “bronchiolitis obliterans”, and are characterized by occlusion of the airway lumen by polyps of specialized granulation tissue rich in extracellular matrix components such as versican.

Emphysema:  Emphysema is a pathologically defined entity in which there is abnormal, permanent enlargement of the airspaces distal to the terminal bronchioles, accompanied by destructio of their walls.  Emphysema can be classified as (a) centriacinar, (b) panacinar, (c) paraseptal, (d) paracicatricial.  The pathogenesis of emphysema is often explained by the hypothesis of an imbalance between locally acting proteolytic and anti-proteolytic mechanisms within the lungs.  Lysosomal enzymes released by neutrophils (e.g., elastase) and macrophages during an inflammatory reaction can damage the lung parenchyma.  To counteract these effects of proteolytic enzymes, acute phase proteins such as alpha-1-antitrypsin (AAT, more properly called alpha-1-protease) are synthesized in the liver, released into the bloodstream and diffuse into the lung capillary bed, where they can bind irreversibly to proteolytic enzymes and inactivate them.  Several alleles of AAT, including M (wild type), S and Z, are codominantly inherited such that the circulating levels of AAT are reflected by the expression of these alleles.  For example, ZZ homozygotes have extremely low serum levels of AAT, owing to the abnormal form of AAT being unable to effectively exit hepatocytes.  In patients who have AAT deficiency, the relatively unopposed action of proteolytic enzymes results in panacinar emphysema, particularly affecting the lower lung zones.  In centriacinar emphysema, the type that is strongly associated with cigarette smoking, the proximal lung acinus is more affected, particularly in the upper lobes, where particles tend to be deposited in the airstream and by macrophages.  Although the inflammatory reaction is primarily focussed at the level of the terminal and respiratory bronchiole, the entire acinus may be destroyed in severe cases.  Paraseptal emphysema is a poorly understood condition that tends to affect tall, thin young adults, in whom large bullae, particularly in the lung apices, have a propensity to rupture and produce spontaneous pneumothorax.  Paracicatricial (irregular) emphysema is probably the most common form of emphysema, occurring in areas of lung scarring.  Chronic airflow obstruction in emphysema results from lung parenchymal destruction, combined with effects of inflammation, narrowing and mucous plugging of the airways.  An important physiologic consequence of lung parenchymal destruction is decreased elastic recoil, manifested as decreased flow rates (FEV1, FVC, VC), and increased TLC (less stiff lungs), increased FRC (less tendency for inflated lungs to collapse), and increased RV (airway closure and gas trapping).  Airway narrowing and mucous plugging also contribute to abnormal pulmonary function, e.g., decreased airflow rates from an increase in resistance.

BRONCHIECTASIS

Definition:  Bronchiectasis refers to a permanent dilatation of the bronchi, accompanied by inflammatory changes in their walls and in adjacent lung parenchyma.  Regardless of cause, the pathogenesis is related to recurrent inflammation of the bronchial walls and fibrosis of the surrounding parenchyma, with traction on weakened walls leading to irreversible dilatation.

Classification:  Postobstructive (e.g., foreign body, neoplasm, inspissated mucus, external compression) and Nonobstructive (usually related to prior infections: consider an underlying condition such as a congenital or acquired immunodeficiency, cystic fibrosis, ciliary dyskinesia syndromes, allergic bronchopulmonary aspergillosis associated with asthma, etc.).

Clinical Manifestations:  Often related to lung infections (e.g., productive cough, recurrent fevers).  Hemoptysis might result from erosion through weakened bronchial walls into regional blood vessels.

Pathological features:  Grossly, there are dilated bronchi, often filled with mucopurulent material, possibly exaggerated mucosal trabeculation (related to airway smooth muscle hypertrophy), and “pits” (dilated ducts from bronchial glands).  Histologically, the airway epithelium typically shows necrosis and metaplastic repair.  There is often prominent granulation tissue in the subepithelial connective tissue of airways, and lymphoid aggregates may be present, along with peribronchial fibrosis.  Bronchial arteries may have thickened walls, while the surrounding lung parenchyma may show acute and organizing pneumonia.

