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EMPHYSEMA
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Definition
Emphysema is a condition of the lung characterized by abnormal permanent enlargement of the airspaces distal to the terminal bronchioles and accompanied by destruction of their walls.

This definition eliminates conditions such as asthma, where the airspaces may be enlarged but not on a permanent basis; bronchiectasis, where the major airways are enlarged;  and senile emphysema, which is not characterized by wall destruction.

Classification
a)
panlobular (panacinar) emphysema;

b)
centrilobular (centriacinar) emphysema;

c)
paraseptal emphysema;

d)
paracicatricial.

Lobule Versus Acinus
A lobule is a gross morphological term (also called the secondary lobule of Miller).  It is defined as the area encompassed by the septal lines of the lung.  It contains approximately 6‑8 terminal bronchioles and their ramifications.  An acinus is defined as the portion of the lung parenchyma extending from one terminal bronchiole.  It therefore includes three generations of respiratory bronchioles with their alveolar ducts, saccules and alveoli.  Practically speaking, the terms centrilobular and centriacinar are synonymous.

Pathogenesis
1)  
Panlobular emphysema ‑ this disease is typified by hereditary disease known as alpha‑1‑antitrypsin deficiency.  Alpha‑1‑antitrypsin (AAT) is a protein manufactured by the liver and released into the blood stream.  In the lung, the protein diffuses out of the capillary bed in much the same way as albumin.  The amount of protein present depends on the phenotype of the patient.  There are three single autosome types: M, S and Z.  People with normal levels of AAT have MM, MS phenotypes;  people with decreased levels have MZ, SZ and SS;  people with very low levels have ZZ phenotype.  Patients with decreased levels produce an abnormal AAT with a lysine substitution for glutamine.  This protein, although made in the liver, is not able to be transferred out of the liver.  It therefore accumulates in the cytoplasm, and can be identified as PAS positive droplets.

The protein, one of the acute phase reactants, acts normally to bind with proteases released by inflammatory cells.  Since trypsin is not the only protease inhibited, AAT is properly known as alpha‑1‑ (signifying its position on the protein electrophoretic strip) protease inhibitor.  During an inflammatory reaction, lysosomal enzymes of PMN and macrophages are released into the alveoli and interstitium.  Unopposed, these enzymes would autodigest the lung parenchyma;  AAT binds to them in an irreversible noncompetitive fashion.  In patients with protein deficiency, this protective factor is not available, and autodigestion occurs over the whole of the lung acinus, to result in panacinar emphysema.

2)  
Centrilobular Emphysema ‑ The same mechanism which occurs in panlobular emphysema is important in centrilobular emphysema.  This is the type of emphysema which is seen in smokers.  The inhalation of cigarette smoke results in an inflammatory reaction which is present most commonly at the level of the terminal and respiratory bronchioles;  here because it is this area in which particles are deposited in the airstream, and by macrophages.  The balance of protease‑antiprotease in this area may be at least locally overcome by the inflammatory reaction resulting in digestion of the center of the lobule.

3)  
Paraseptal ‑ This form of emphysema is not well understood.  It occurs in young adults who are tall and thin.  Pleural pressure gradients may be important.  It is also seen in conjunction with centrilobular emphysema, particularly in the upper lobes.

4)  
Paracicatricial ‑ This is also called scar, or irregular emphysema.  It is probably the most common form of emphysema.  It is due to scarring of an area of lung with traction and distortion of the adjacent lung.

Pathology
1)
Panlobular ‑ destruction is most prominent in the lower lobes.  The lobule is uniformly destroyed.

2)
Centrilobular ‑ destruction is most prominent in the upper lobes.  The lobule is characteristically destroyed in the center.  In advanced cases the whole lobule is destroyed.

3)
Paraseptal ‑ upper lobe predominance in apices.  Large bullae may be formed compressing the adjacent lung.

4)
Paracicatricial ‑ anywhere in the lung where there is scarring.  Often seen in tuberculous lesions.

Symptoms
1, 2) ‑ 
These types of emphysema may be asymptomatic in mild degrees.  More advanced stages result in shortness of breath due to ventilation ‑ perfusion mismatching with decreased PO2.  Right heart failure (cor pulmonale) may result because of pulmonary hypertension secondary to emphysema.  Symptoms would therefore be those of liver congestion.  There is chronic cough due to excess sputum production because of hyperplasia of goblet cells and bronchial mucous glands (Reid index).

3)  
These patients may present with spontaneous pneumothorax.

4)  
Asymptomatic, if apical may present with pneumothorax.
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Why
There are diminished flow rates due to the decreased elastic recoil of the lung because of parenchymal destruction.  There is also increased airway resistance because of concomitant narrowing and mucous plugging of the airways.

TLC is determined by the stiffness of the lung and the force of the inspiratory muscles.  As the emphysematous lungs loose elastic recoil, they are less stiff so a greater volume can be achieved from the force of inspiratory muscles.  RV is determined by airway closure.  In emphysema, airways are already narrow, and are not kept open because of loss of recoil, and therefore close at higher lung volumes resulting in gas trapping.  FRC is the natural resting position of the lung and chest wall.  Because of the loss of recoil the tendency of the lung to collapse is diminished, therefore the chest wall springs outward and FRC is increased.

Radiology
The increase in TLC is reflected by increased lung size on the x‑ray and flattening of the diaphragm.  There is an increase in the size of the retrosternal airspace.  The vascular bed is destroyed resulting in shift of the pattern to the upper lobes and hypertranslucency of the lung fields.
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