What is the pathophysiology underlying COPD and chronic bronchitis?

According to the Canadian Lung Association (2008) chronic obstructive pulmonary disease (COPD) includes both chronic bronchitis and emphysema. Commonalities of both chronic bronchitis and emphysema include progressive restrictive airflow with an abnormal inflammatory response to noxious irritants; primarily cigarette smoking.  For accuracy of understanding COPD will be discussed as it relates to these two underlying pathophysiological conditions.

Chronic Bronchitis

According to Brashers (2006) chronic bronchitis is defined as the “hypersecretion of mucus and chronic productive cough that continues for at least 3 months of the year (usually the winter months) for at least 2 years” (p.1225).  Chronic bronchitis is common in the elderly as well as individuals who smoke or are exposed to noxious particles or gases. A more vivid description offered by the Canadian Lung Association (2008) stated chronic bronchitis results in “irritated, red airways that produce too much sticky mucus. The walls of airways are swollen and partly block the air from passing through” (www.lung.ca).

Injury to the normal columnar ciliated epithelium cells within the bronchial lining to stratified squamous epithelium reduces the lungs protective mechanisms to noxious particles and gases (McCance & Gray, 2006, p. 48). More specifically, changes to the normal columnar epithelium of the bronchial lining to stratified squamous epithelium impact on the movement of mucus secretions in the bronchial lining. This cell injury aggravates the overproduction of thick, tenacious sputum due to the reduction in the number of ciliated fibers available to assist with moving bronchial mucus.  Continued exposure to cigarette smoke or other pollutants result in limited functional capacity of the remaining ciliated cells (Yensen, personal communication, 2008). 

In addition, mucus glands increase in size and number in the bronchial epithelium. This sticky mucus creates an environment that is particularly attractive to bacteria (i.e. streptococcus pneumoniae). Bacteria trapped in the mucus and combined with the injury to the epithelial lining, thrive and reproduce rapidly.  Chronic infection and cell injury lead to somewhat of a vicious cycle as mucus production is increased leading to inflammation and edema in the bronchial walls. As well as further cell injury to the cilia makes it difficult for the bronchociliary elevator to remove mucus.

 Initially damage is primarily in the large bronchi, however over time, all airways are involved and result in irreversible pathophysiological changes leading to the permanent narrowing of the airways. Notably with chronic bronchitis and emphysema early airway collapse with expiration (trapped gas in distal portion of the lungs) eventually leads to obstruction in the distal portions of the lung resulting in hypoventilation and hypoxemia (Adapted from Brashers, 2006).  

Emphysema

Normally air is drawn in and moved through the bronchial passages toward the intricate network of alveolar sacs that are surrounded by capillaries. Emphysema results in damage to the alveoli impairing the ability of the lungs to transfer oxygen to the blood (http://en.wikipedia.org/wiki/emphysema). This process is primarily initiated through the inhalation of toxins such as cigarette smoke eliciting an inflammatory response. Inflammation triggers a cascade of events including the movement of neutrophils, macrophages, and lymphocytes to the area of injury.  Furthermore, inflammatory cytokines increase protease activity of the elastases, cathepsins, and matrix metalloproteases in the lungs and block the release of endogenous antiproteases.  Normally, antiproteases are responsible for the inhibition of the activity of these protein enzymes. In particular, alpha-1 antitrypsin, responsible for inhibiting elastase from breaking down the connective tissue fiber elastin (elastin contributes to the elasticity of the lungs), is impaired as a result of cigarette smoking. The aveolar septum is destroyed as a result of the breakdown of elastin. This destruction of the septum destroys portions of the pulmonary capillaries and alveoli. The loss of elastic recoil in the acini decreases the volume of passively expired air. “Hyperinflation of aveoli causes large air spaces (bullae) and air spaces adjacent to pleura (blebs) to develop” (Brashers, 2006, p. 1227). Broncho-constriction as a result of chronic inflammation, also contributes to the problems associated with emphysema. 

Emphysema may be centriacinar or panacinar. Centriacinar (centrilobular) emphysema primarily occurs in the upper lobes.  Damage to the upper lobes generally results in septal destruction in the respiratory bronchioles and  aveoli ducts (Brashers, 2006). The alveolar sacs distal to the respiratory bronchioles remain intact. This type of emphysema is most often associated with smoking.  Panacinar (panlobular) emphysema involves the lower lobes of the lungs and includes the entire acini. The damage to the acini are more randomly distributed. Often panacinar emphysema is associated with aging or in those with an alpha -1 antitrypsin deficiency. Alpha -1 antitrypsin deficiency is noted in approximately 1-2% of people with primary emphysema.  Secondary emphysema occurs due to the inability of the lungs to inhibit proteases and is caused by inhaled toxins particularly cigarette smoke. Of those individuals who smoke approximately 20%  are susceptible to secondary emphysema. (Adapted from Brashers, 2006). 

Reading through the literature confusion surrounding the words “acinus” opposed to “alveoli” exists. Depending on the source these two words may be used interchangeably or to describe more specific anatomy within the alveolar sac. Stedman’s Dictionary (2003) defined acinus as:

 One of the minute grape-shaped secretory portions of an acinous gland. Some  


 authorities use the terms acinus and alveolus interchangeably, whereas others  


 differentiate them by the constricted openings of the acinus into the excretory  


 duct. (p. 15)                                                                                                                           I have also attached a primitive diagram to assist in you in visualizing where this is within the alveolus. (Hopefully this will go better than the last time I attempted this. If not I have provided the link and it should take you there).
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