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Definition
The word "asthma" means "to pant".  There is no concise definition.  It is a disease of the airways which is characterized by hypersensitivity of the bronchi to a variety of stimuli.  It is usually intermittent, variable in severity and has remissions between attacks.  During the attacks, there is widespread narrowing of the bronchi, resulting in wheezing and dyspnea.  The major characteristic of airway obstruction in asthma is its reversibility.

Prevalence
Asthma is a common disease, ranging from 1-12% of the population.  It is the leading cause of chronic illness under 17 years of age.  The first attack may appear at any age, although the onset of extrinsic (atopic) asthma is usually before the age of 30, while intrinsic (non-atopic) asthma occurs commonly in middle age.  the extrinsic group is subject to attacks from environmental allergens to which they are sensitive, while the intrinsic group develops bronchospasm due to mechanisms not related to allergins, but related to temperature effects, psychological effects, or as a reaction to noxious chemicals (air pollutants).  Patients with extrinsic asthma may have a family history of allergies, and may have elevated levels of IgE or positive skin tests; these features are not present in intrinsic asthma.

In the vast majority of patients, the disease is well controlled or outgrown.  A small number develop serious illness and even fewer require hospitalization (2% per year).  The mortality rate is estimated at 1/100,000 population, as represents about 0.4% of patients with asthma.  Unfortunately, the mortality rate from asthma has been increasing over the last few years; the reasons for this are unknown.

Mechanisms of Disease
1)
Vagal Reflex
The bronchial tree has a cholinergic, parasympathetic innervation, and stimulation of this pathway leads to bronchoconstriction.  This would explain psychologic asthma.  The reflex activation by stimulation of irritant receptors located in the trachea and bronchi explains attacks induced by coughing, laughing, hyperventilation and inhalation of irritants, such as cigarette smoke.  These reactions can be partially blocked by administration of atropine.  Since histamine also stimulates the vagus nerve fibres, there is a link between this pathway and the classical pathway.

2)
Classical Pathway (immunologic mechanism - IgE mediated hypersensitivity)

The mast cells of extrinsic asthmatics carry membrane-bound allergen specific IgE molecules.  They are widely distributed in the airway mucosa and submucosa.  When the antigen combines with IgE, the cells are activated, resulting in the release of chemical mediators of anaphylaxis, including: histamine, prostaglandins, and a variety of leukotrienes.  These produce airway smooth muscle constriction, as well as increasing vascular permeability, and stimulating secretion from the mucous glands.  Stimulation of the noncholinergic, nonadrenergic (NANC) system results in the production of substance P and neurokinins which, in their turn, potentiate the above actions on muscle, mucous glands, and the vasculature.  These effects are inhibited by epithelial derived relaxing factor and neutral endopeptidase.  If, however, the epithelium is injured, as is the case in a severe asthmatic attack, these factors will not be produced.

Clinical
1)
prolonged expiration time with wheezing;

2)
increased sputum production with cough;

3)
poorly moving over inflated chest with hyper-resonance;

4)
use of accessory muscles, and flaring nostrils when breathing;

5)
tachypnea;

6)
tachycardia;

7)
confusion.

X-ray

1.
Signs of hyperinflation

a)
minimal change in the size between inspiration and expiration;

b)
flat, low, poorly moving diaphragms;

c)
long narrow heart shadow.

2.
Focal areas of atelectasis.

Pulmonary Function Tests
1.
Decreased flow rates

a)
decreased FEV1.

2.
Changes in lung volumes

a)
slightly increased TLC;

b)
increased FRC (2X);

c)
decreased VC;

d)
increased RV.

3.
Decreased elastic recoil.

Why

1.
Airways Obstruction
There is narrowing of the airways due to:

a)
smooth muscle contraction;

b)
submucosal edema;

c)
increased mucous produced from the bronchial glands and epithelial goblet cells.  This will result in increased airways resistance (5-20X) and prolongation of the expiratory time.  Because of obstruction, the RV is increased.  The FRC is increased, due to a combination of obstruction, loss of elastic recoil and tachypnea, resulting in a shift towards higher lung volumes.

This explains the tachypnea, hyper-resonant chest and use of accessory muscles for breathing.

The increased cough and sputum is explained by the excess mucous production.  The mucous may become inspissated, due to drying and result in atelectasis.  When coughed up, the plugs resemble cases of the bronchial tree and are known as Curshman's spirals.

2.
Decreased Elastic Recoil
Reversible loss of parenchymal elasticity.  The lung switches up and to the left of the normal pressure volume curve, permitting hyperinflation of the lungs, but allowing them to work on the steep portion of the pressure volume curve, thus getting increased volume for small changes in pleural pressure.

3.
Hypoxia
This is due to ventilation perfusion abnormalities, because of the airways obstruction.  Severe hypoxia will result in confusion.

4.
Tachycardia
In mild cases, this may reflect anxiety, but in severe cases it reflects hypoxia.  As intrathoracic volume increases, cardiac output decreases during inspiration, resulting in pulsus paradoxus, because of decreased pulse pressure.

Pathology
In death due to asthma, the lungs continue to be inflated, even after opening the thoracic cavity.  They may show pronounced mucous plugging.  Histology consists of the following:

a)
mucous plugging of airways

bronchial gland hyperplasia

goblet cell metaplasia

b)
inflammatory reaction

epithelial shedding

transudate with submucosal edema

inflammatory cells (eosinophils) and Charcot Leyden crystals

thickened basement membrane

c)
smooth muscle hypertrophy

Treatment
1.
B2 adrenergic agents (Ventolin, Salbutamol)

-
relaxes the bronchial smooth muscle

2.
Methylxanthines (Aminophylline, Theophylline)

-
increases intracellular cyclic AMP by inhibition of phosphodiesterase

3.
Cromolyn Sodium (Intol)

-
stabilizes mast cell membranes

4.
Anticholinergic Agents (atropine)

5.
Corticosteroids (Beclovent, prednisone)

-
anti-inflammatory action

6.
O2 if necessary or assisted ventilation
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