ASTHMA 
Definitions:
· Asthma is defined as a chronic inflammatory disease of airways that is characterized by increased responsiveness of the tracheobronchial tree to a multiplicity of stimuli. 
· Asthma is an airway disorder that causes respiratory hypersensitivity, inflammation, and intermittent obstruction
· Asthma is a common chronic disorder of the airways that is complex and characterized by variable and recurring symptoms, airflow obstruction, bronchial hyperresponsiveness, and an underlying inflammation

· Exercise-induced asthma (EIA), or exercise-induced bronchospasm (EIB), is an asthma variant defined as a condition in which exercise or vigorous physical activity triggers acute bronchospasm in persons with heightened airway reactivity. 

· It is observed primarily in persons who have asthma (exercise-induced bronchospasm in asthmatic persons) but can also be found in patients with normal resting spirometry findings with atopy, allergic rhinitis, or cystic fibrosis and even in healthy persons, many of whom are elite athletes (exercise-induced bronchospasm in athletes). 

· Exercise-induced bronchospasm is often a neglected diagnosis, and the underlying asthma may be silent in as many as 50% of patients, except during exercise

Epidemiology
· Bronchial asthma occurs at all ages but predominantly in early life. 
· About one-half of cases develop before age 10, and another third occur before age 40. 
· Asthma predominantly occurs in boys in childhood, with a male-to-female ratio of 2:1 until puberty, when the male-to-female ratio becomes 1:1

· Asthma prevalence is greater in females after puberty, and the majority of adult-onset cases diagnosed in persons older than 40 years occur in females

· Boys are more likely than girls to experience a decrease in symptoms by late adolescence

· Asthma affects 5-10% of the population in USA
· The prevalence of asthma has risen in affluent countries over the last 30 years but now appears to have stabilized, with ~10–12% of adults and 15% of children affected by the disease.
· The prevalence rate of severe asthma in industrialized countries ranges from 2-10% and is estimated to affect 300 million persons worldwide. 

· Trends suggest an increase in both the prevalence and morbidity of asthma, especially in children younger than 6 years. 

· Factors that have been implicated include urbanization, air pollution, passive smoking, and change in exposure to environmental allergens

· In the United States, asthma prevalence, especially morbidity and mortality, is higher in blacks than in whites

· Although genetic factors are of major importance in determining a predisposition to the development of asthma, environmental factors play a greater role than racial factors in asthma onset

· Asthma prevalence is increased in very young persons and very old persons because of airway responsiveness and lower levels of lung function.

· Two thirds of all asthma cases are diagnosed before the patient is aged 18 years. 

· Approximately half of all children diagnosed with asthma have a decrease or disappearance of symptoms by early adulthood

Etiology

· Factors that can contribute to asthma or airway hyperreactivity may include any of the following: 

· Environmental allergens: House dust mites, animal allergens (especially cat and dog), cockroach allergens, and fungi are most commonly reported. 

· Viral respiratory tract infections 

· Exercise; hyperventilation 

· Gastroesophageal reflux disease 

· Chronic sinusitis or rhinitis 

· Aspirin or nonsteroidal anti-inflammatory drug (NSAID) hypersensitivity, sulfite sensitivity 

· Use of beta-adrenergic receptor blockers (including ophthalmic preparations) 

· Obesity: Based on a prospective cohort study of 86,000 patients, those with an elevated body mass index are more likely to have asthma. 

· Environmental pollutants, tobacco smoke 

· Occupational exposure 

· Irritants (e.g. household sprays, paint fumes) 

· Various high and low molecular weight compounds: A variety of high and low molecular weight compounds are associated with the development of occupational asthma, such as insects, plants, latex, gums, diisocyanates, anhydrides, wood dust, and fluxes. 

· Emotional factors or stress 

· Perinatal factors: Prematurity and increased maternal age increase the risk for asthma; breastfeeding has not been definitely shown to be protective. Both maternal smoking and prenatal exposure to tobacco smoke also increase the risk of developing asthma.

· Factors that contribute to exercise-induced bronchospasm symptoms (in both people with asthma and athletes) include the following: 

· Exposure to cold or dry air 

· Environmental pollutants (eg, sulfur, ozone) 

· level of bronchial hyperreactivity 

· Chronicity of asthma and symptomatic control 

· Duration and intensity of exercise 

· Allergen exposure in atopic individuals 

· Coexisting respiratory infection

Pathogenesis 
· The common denominator underlying the asthmatic diathesis is a nonspecific hyperirritability of the tracheobronchial tree. 
· In both normal and asthmatic individuals, airway reactivity rises after viral infections of the respiratory tract and exposure to oxidant air pollutants such as ozone and nitrogen dioxide (but not sulfur dioxide). 
· The most popular hypothesis at present for the pathogenesis of asthma is that it derives from a state of persistent subacute inflammation of the airways. 
· The airways can be edematous and infiltrated with eosinophils, neutrophils, and lymphocytes, with or without an increase in the collagen content of the epithelial basement membrane. 
· There may also be glandular hypertrophy. 
· The most ubiquitous finding is a generalized increase in cellularity associated with an elevated capillary density. 
· The cells thought to play important parts in the inflammatory response are mast cells, eosinophils, lymphocytes, and epithelial cells. 
· The airway epithelium is both the target of, and a contributor to, the inflammatory cascade. 
· These cells amplify bronchoconstriction by elaborating endothelin-1 and promoting vasodilatation through the release of nitric oxide, PGE2 and the 15-hydroxyeicosatetraenoic acid (15-HETE) products of arachidonic acid metabolism. 
· The stimuli that interact with airway responsiveness and incite acute episodes of asthma can be grouped into seven major categories: allergenic, pharmacologic, environmental, occupational, infectious, exercise-related, and emotional.

Pathophysiology
· The pathophysiology of asthma is complex and involves the following components:

· Airway inflammation 

· Intermittent airflow obstruction 

· Bronchial hyperresponsiveness

· The mechanism of inflammation in asthma may be acute, subacute, or chronic, and the presence of airway edema and mucus secretion also contributes to airflow obstruction and bronchial reactivity. 

· The pathophysiologic hallmark of asthma is a reduction in airway diameter brought about by contraction of smooth muscle, vascular congestion, edema of the bronchial wall, and thick, tenacious secretions. 

· The net result is an increase in airway resistance, a decrease in forced expiratory volumes and flow rates, hyperinflation of the lungs and thorax, increased work of breathing, alterations in respiratory muscle function, changes in elastic recoil, abnormal distribution of both ventilation and pulmonary blood flow with mismatched ratios, and altered arterial blood gas concentrations. 

· Hypoxia is a universal finding during acute exacerbations, but frank ventilatory failure is relatively uncommon, being observed in 10 to 15% of patients presenting for therapy. 

· Most individuals with asthma have hypocapnia and a respiratory alkalosis. 

· Varying degrees of mononuclear cell and eosinophil infiltration, mucus hypersecretion, desquamation of the epithelium, smooth muscle hyperplasia, and airway remodeling are present

· Some of the principal cells identified in airway inflammation include mast cells, eosinophils, epithelial cells, macrophages, and activated T lymphocytes. 
· T lymphocytes play an important role in the regulation of airway inflammation through the release of numerous cytokines. 
· Other constituent airway cells, such as fibroblasts, endothelial cells, and epithelial cells, contribute to the chronicity of the disease. 
· Other factors, such as adhesion molecules (e.g. selectins, integrins), are critical in directing the inflammatory changes in the airway. 
· Finally, cell-derived mediators influence smooth muscle tone and produce structural changes and remodeling of the airway
· The presence of airway hyperresponsiveness or bronchial hyperreactivity in asthma is an exaggerated response to numerous exogenous and endogenous stimuli. 
· The mechanisms involved include direct stimulation of airway smooth muscle and indirect stimulation by pharmacologically active substances from mediator-secreting cells such as mast cells or nonmyelinated sensory neurons. 
· The degree of airway hyperresponsiveness generally correlates with the clinical severity of asthma
· The pathogenesis of exercise-induced bronchospasm is controversial. 
· The disease may be mediated by water loss from the airway, heat loss from the airway, or a combination of both. 
· The upper airway is designed to keep inspired air at 100% humidity and body temperature at 37°C (98.6°F). 
· The nose is unable to condition the increased amount of air required for exercise, particularly in athletes who breathe through their mouths. 
· The abnormal heat and water fluxes in the bronchial tree result in bronchoconstriction, occurring within minutes of completing exercise
Pathology
· The airway mucosa is infiltrated with activated eosinophils and T lymphocytes, and there is activation of mucosal mast cells. 
· A characteristic finding is thickening of the basement membrane due to subepithelial collagen deposition. 
· This feature is also found in patients with eosinophilic bronchitis presenting as cough who do not have asthma; it is therefore likely to be a marker of eosinophilic inflammation in the airway, as eosinophils release fibrogenic factors. 
· The epithelium is often shed or friable, with reduced attachments to the airway wall and increased numbers of epithelial cells in the lumen. 
· The airway wall itself may be thickened and edematous, particularly in fatal asthma. 
· Another common finding in fatal asthma is occlusion of the airway lumen by a mucous plug, which is composed of mucus glycoproteins secreted from goblet cells and plasma proteins from leaky bronchial vessels 
· There is also vasodilatation and increased numbers of blood vessels (angiogenesis). 
· Direct observation by bronchoscopy indicates that the airways may be narrowed, reddened, and edematous. 
· These pathologic changes are found in all airways but do not extend to the lung parenchyma; small airway inflammation is found particularly in patients with severe asthma. 
· The involvement of airways may be patchy, and this is consistent with bronchographic findings of uneven narrowing of the airways
Clinical features
History

· A detailed assessment of the medical history should address 
1) whether symptoms are attributable to asthma 
2) whether findings support the likelihood of asthma (e.g. family history)
3) asthma severity
4) the identification of possible precipitating factors

· Asthma symptoms may include the following: 

· Cough, worse particularly at night 
· Wheezing 

· Shortness of breath 

· Chest tightness 

· Sputum production 

· Decreased exercise tolerance

· Asthma symptom patterns can vary as follows:   

· Perennial versus seasonal 

· Continual versus episodic 

· Duration, severity, and frequency 

· Diurnal variations (nocturnal and early-morning awakenings)

· Precipitating or aggravating factors for asthma may include the following: 

· Environmental allergen exposure (dust mites, pet dander, pollens) 

· Occupation 

· Medications 

· Exercise 

· Viral upper respiratory tract infections 

· Strong emotional expression 

· Menstrual cycles 

· Airborne dusts or chemicals

· Asthma development variables include the following: 

· Age at onset 

· History of injury early in life due to infection or passive smoke exposure 

· Progress of disease 

· Current response to asthma management 

· Comorbid conditions (sinusitis, rhinitis, gastroesophageal reflux)

· Family history may reveal the following conditions: 

· Asthma 

· Allergy 

· Sinusitis 

· Rhinitis 

· Eczema

· Social history may reveal the following conditions: 

· Home characteristics 

· Smoking 

· Workplace or school characteristics 

· Educational level 

· Employment 

· Social support

· Determine the profile of a typical asthma exacerbation. 

· The impact asthma has on the patient and family may have involved the following: 

· Emergency department visits, hospitalizations, ICU admissions, intubations 

· Missed days from work or school or activity limitation

· The clinical history findings for exercise-induced bronchospasm are typical of asthma but are only associated with exercise. 

· Typical symptoms include cough, wheezing, shortness of breath, and chest pain or tightness. 

· Some individuals also may report sore throat or GI upset
Physical examination

· General asthma physical findings: Evidence of respiratory distress manifests as increased respiratory rate, increased heart rate, diaphoresis, and use of accessory muscles of respiration. 

· Pulsus paradoxus: This is an exaggerated fall in systolic blood pressure during inspiration and may occur during an acute asthma exacerbation. 

· Depressed sensorium: This finding suggests a more severe asthma exacerbation with impending respiratory failure. 

· Chest examination: End-expiratory wheezing or a prolonged expiratory phase is found most commonly, although inspiratory wheezing can be heard. 

· Diminished breath sounds and chest hyperinflation (especially in children) may be observed during acute asthma exacerbations. 

· Upper airway: Look for evidence of erythematous or boggy turbinates or the presence of polyps from sinusitis, allergic rhinitis, or upper respiratory tract infection. 

· Any type of nasal obstruction may result in worsening of asthma or symptoms of exercise-induced bronchospasm.

· Skin: Observe for the presence of atopic dermatitis, eczema, or other manifestations of allergic skin conditions.

Differential diagnosis
· A personal or family history of allergic diseases such as eczema, rhinitis, or urticaria is valuable contributory evidence. 
· Upper airway obstruction by tumor or laryngeal edema can occasionally be confused with asthma. 

· Persistent wheezing localized to one area of the chest in association with paroxysms of coughing indicates endobronchial disease such as foreign-body aspiration, a neoplasm, or bronchial stenosis.

· The signs and symptoms of acute left ventricular failure occasionally mimic asthma, but the findings of moist basilar rales, gallop rhythms, blood-tinged sputum, and other signs of heart failure allow the appropriate diagnosis to be reached.

· Recurrent episodes of bronchospasm can occur with carcinoid tumors, recurrent pulmonary emboli, and chronic bronchitis 
· Eosinophilic pneumonias are often associated with asthmatic symptoms, as are various chemical pneumonias and exposures to insecticides and cholinergic drugs. 
· Bronchospasm occasionally is a manifestation of systemic vasculitis with pulmonary involvement.

Investigations
Laboratory studies

· The diagnosis of asthma is established by demonstrating reversible airway obstruction. 

· The evaluation for asthma should therefore include spirometry (FEV1, FVC, and FEV1/FVC) before and after the administration of a short-acting bronchodilator.
· These measurements help determine the presence and extent of airflow obstruction and whether it is immediately reversible
· Spirometry measures the forced vital capacity (FVC), the maximal amount of air expired from the point of maximal inhalation, and the FEV1. 
· A reduced ratio of FEV1 to FVC, when compared with predicted values, demonstrates the presence of airway obstruction. 

· Reversibility is demonstrated by an increase of 12% and 200 mL after the administration of a short-acting bronchodilator

· Airflow obstruction is indicated by a reduced FEV1/FVC ratio (< 75%).
· Significant reversibility of airflow obstruction is defined by an increase of >12% and 200 mL in FEV1 or >15% and 200 mL in FVC after inhaling a short-acting bronchodilator.
· Bronchial provocation testing with histamine or methacholine-or exercise challenge testing-may be useful when asthma is suspected and spirometry is nondiagnostic
· A positive test is defined as a decrease in FEV1 of at least 20% at exposure to a concentration of 16 mg/mL or less. 

· A negative test has a negative predictive value for asthma of 95%.

· Arterial blood gas measurements may be normal during a mild asthma exacerbation, but respiratory alkalosis and an increase in the alveolar-arterial oxygen difference (A-a DO2) are common.
· During severe exacerbations, hypoxemia develops and the PaCO2 returns to normal.
· Blood eosinophilia greater than 4% or 300-400/µL supports the diagnosis of asthma, but an absence of this finding is not exclusionary. 

· Eosinophil counts greater than 8% may be observed in patients with concomitant atopic dermatitis

· Total serum immunoglobulin E levels greater than 100 IU are frequently observed in patients experiencing allergic reactions, but this finding is not specific for asthma and may be observed in patients with other conditions
· Skin testing or in vitro testing to assess sensitivity to relevant environmental allergens may be useful in patients with persistent asthma.
Imaging studies

· Routine chest radiographs in patients with asthma usually show only hyperinflation. 
· Other findings may include bronchial wall thickening and diminished peripheral lung vascular shadows
Treatment
· Elimination of the causative agent(s) from the environment of an allergic individual with asthma is the most successful means available for treating this condition 
· Desensitization or immunotherapy with extracts of the suspected allergens 
· The long-term outpatient management of asthma should follow the stepwise therapy model based on the Global Initiative for Asthma guidelines
· Overall management of asthma should incorporate the following 4 treatment components:
· Routine monitoring and objective measures of lung function 

· Environmental control measures and avoidance of risk factors (trigger factors) 

· Comprehensive pharmacologic therapy 

· Patient education

· The functions of asthma assessment and monitoring are closely linked to the concepts of severity, control, and responsiveness to treatment. 
· Severity is the intrinsic intensity of the disease process. 
· Asthma severity is measured most easily and directly in a patient not receiving long-term-control therapy. 
· Asthma control is the degree to which the manifestations of asthma (symptoms, functional impairments, and risks of untoward events) are minimized and the goals of therapy are met. 
· Asthma responsiveness is the ease with which asthma control is achieved by therapy

· Both asthma severity and asthma control include the domains of current impairment and future risk. 
· Impairment is the frequency and intensity of symptoms and functional limitations the patient is experiencing or has recently experienced as a result of asthma. 
· Risk is the likelihood of either asthma exacerbations, progressive decline in lung function (or, for children, reduced lung growth), or risk of adverse effects from medication
· Two additional asthma treatment strategies include management of exacerbations and regular follow-up care. 
· Classify the severity of asthma before treatment, based on symptom prevalence and measurement of lung function. 
· Classification of asthma severity and treatment options are as follows:

Step 1: Mild intermittent asthma 

Defining features
· Daytime asthma symptoms occurring two or fewer days per week 
· Two or fewer nocturnal awakenings per month 
· Use of short-acting beta agonists to relieve symptoms fewer than two times a week 
· No interference with normal activities between exacerbations 
· FEV1 measurements between exacerbations that are consistently within the normal range (i.e. ≥ 80 percent of predicted normal) 
· FEV1/FVC ratio between exacerbations that is normal (based on age-adjusted values) 
· One or no exacerbations requiring oral glucocorticoids per year
Treatment
· Patients with mild intermittent asthma are best treated with a quick-acting inhaled beta-2-selective adrenergic agonist
· These medications are self-administered when symptoms are present. 
· Patients for whom triggering of asthmatic symptoms can be predicted (e.g. exercise-induced bronchoconstriction) are encouraged to use their inhaled beta agonist approximately 10 minutes prior to exposure in order to prevent the onset of symptoms.
· In addition, mast cell stabilizing agents such as cromolyn sodium and nedocromil are other medications for prevention of allergen-induced or exercise-induced bronchoconstriction
· Cromolyn and nedocromil are effective when taken prior to an exposure, although they have no ability to relieve asthmatic symptoms once they have developed. 
· Thus, the advantage of prescribing an inhaled beta agonist alone for mild intermittent asthma is that it can be used for both the prevention and relief of asthmatic symptoms
· Patients receiving regular antiinflammatory therapy should continue to use their inhaled bronchodilator as needed for relief of symptoms and prior to exposure to known triggers of their symptoms

Step 2 - Mild persistent asthma 

Defining features

· Symptoms occurring more than twice a week but less than once a day 

· Three to four nocturnal awakenings per month due to asthma 
· Use of short-acting beta agonists to relieve symptoms more than two times a week (but not daily) 
· Minor interference with normal activities 
· FEV1 measurements within normal range (≥ 80 percent of predicted normal) 
· FEV1/FVC ratio is normal (based on age-adjusted values) 
· Two or more exacerbations requiring oral glucocorticoids per year
Treatment

· The preferred antiinflammatory agents for mild persistent asthma are low dose inhaled corticosteroids. 
· Alternative agents are leukotriene modifying drugs, mast cell stabilizing agents (cromoglycates), and sustained-release theophylline, although the latter two therapies are increasingly obsolete
· Current guidelines call for initiation of daily anti-inflammatory therapy (controller medication) in those with mild persistent asthma. 
· Antiinflammatory medications include inhaled corticosteroids and, to a lesser degree, leukotriene modifying agents

Step 3 - Moderate persistent asthma 

Defining features

· Daily symptoms of asthma 
· Nocturnal awakenings more than once per week 
· Daily need for short-acting beta agonists for symptom relief 
· Some limitation in normal activity 
· FEV1 between 60 and 80 percent of predicted FEV1/FVC reduced below normal (based on age-adjusted values) 
· Two or more exacerbations requiring oral glucocorticoids per year 
Treatment
· Moderate persistent asthma is usually treated with ICS, in combination with one or more other controller medications. 
· Low-dose ICS plus a long-acting inhaled beta agonist is preferred. 
· Low-dose ICS plus a leukotriene modifier, or medium dose ICS alone, are alternative strategies.

Step 4 - Severe persistent asthma 

Defining features:

· Patients with severe persistent asthma experience one or more of the following

· Symptoms of asthma throughout the day 
· Nocturnal awakenings nightly 
· Need for short-acting beta agonists for symptom relief several times per day 
· Extreme limitation in normal activity 
· FEV1 < 60 percent of predicted 
· FEV1/FVC reduced below normal (based on age-adjusted values) 
· Two or more exacerbations requiring oral glucocorticoids per year

Specific treatment
· Typically, patients with severe asthma require medium to high doses of ICS in combination with one or more other controller medications, such as long-acting inhaled beta-agonists, leukotriene modifying agents, or omalizumab. 
· The preferred choice is moderate to high dose ICS plus a long-acting inhaled beta agonist. 
· Use of "triple controller therapy" (ICS, long-acting beta agonist bronchodilator, and leukotriene modifying drug) is common in this setting.
Drug Treatment:  
· The available agents for treating asthma can be divided into two general categories: drugs that inhibit smooth muscle contraction, i.e. the so-called "quick relief medications" (beta-adrenergic agonists, methylxanthines, and anticholinergics) and agents that prevent and/or reverse inflammation, i.e. the "long-term control medications" (glucocorticoids, leukotriene inhibitors and receptor antagonists, and mast cell-stabilizing agents).
Adrenergic Stimulants: 
· The drugs in this category consist of the catecholamines, resorcinols, and saligenins. 
· These agents are analogues and produce airway dilation through stimulation of beta-adrenergic receptors and activation of G proteins with the resultant formation of cyclic adenosine monophosphate (AMP). 
· They also decrease release of mediators and improve mucociliary transport. 
· The catecholamines available for clinical use are epinephrine, isoproterenol, and isoetharine. 
· As a group, these compounds are short-acting (30 to 90 min) and are effective only when administered by inhalational or parenteral routes. 
· Epinephrine and isoproterenol are not b2-selective and have considerable chronotropic and inotropic cardiac effects.
· The commonly used resorcinols are metaproterenol, terbutaline, and fenoterol, and the most widely known saligenin is albuterol (salbutamol). 
· Their major side effect is tremor. 
· They are active by all routes of administration, and because their chemical structures allow them to bypass the metabolic processes used to degrade the catecholamines, their effects are relatively long-lasting (4 to 6 h).

· Inhalation is the preferred route of administration because it allows maximal bronchodilation with fewer side effects. 

· Salmeterol is a very long-lasting (9 to 12 h) congener of albuterol. 
· When given every 12 h, it is effective in providing sustained symptomatic relief. It is particularly helpful for conditions such as nocturnal and exercise-induced asthma.
Methylxanthines  
· Theophylline and its various salts are medium-potency bronchodilators that work by increasing cyclic AMP by the inhibition of phosphodiesterase. 
· Theophylline clearance, and thus the dosage requirement, is decreased substantially in neonates and the elderly and those with acute and chronic hepatic dysfunction, cardiac decompensation, and cor pulmonale. 
· Clearance is also decreased during febrile illnesses. 
· Clearance is increased in children. 
· For maintenance therapy, long-acting theophylline compounds are available and are usually given once or twice daily.
· Single-dose administration in the evening reduces nocturnal symptoms and helps keep the patient complaint-free during the day. 
· The most common side effects of theophylline are nervousness, nausea, vomiting, anorexia, and headache

Anticholinergics  
· Anticholinergic drugs such as atropine sulfate produce bronchodilation in patients with asthma, but their use is limited by systemic side effects. 
· Nonabsorbable quaternary ammonium congeners (atropine methylnitrate and ipratropium bromide) have been found to be both effective and free of untoward effects. 
· The major disadvantages of the anticholinergics are that they are slow to act (60 to 90 min may be required before peak bronchodilation is achieved) and they are only of modest potency.

Glucocorticoids  
· Glucocorticoids are the most potent and most effective anti-inflammatory medications available. 
· Inhaled glucocorticoids are used in the long-term control of asthma.
· In the United States, a usual starting dose is 40 to 60 mg of methylprednisolone intravenously every 6 h. 
· Since intravenous and oral administration produce the same effects, prednisone, 60 mg every 6 h, can be substituted. 
· The effects of steroids in acute asthma are not immediate and may not be seen for 6 h or more after the initial administration. 
· Consequently, it is mandatory to continue vigorous bronchodilator therapy during this interval. 
· Rapid tapering of glucocorticoids frequently results in recurrent obstruction. 
Inhaled glucocorticoids  
· These drugs are indicated in patients with persistent symptoms. 
· The agents currently available in the United States are beclomethasone, budesonide, flunisolide, fluticasone propionate, and triamcinolone acetonide.

· Once achieved, however, remission can often be maintained with quantities as low as one or two puffs/day. 
Mast Cell-Stabilizing Agents 
· Cromolyn sodium and nedocromil sodium do not influence airway tone. 
· Their major therapeutic effect is to inhibit the degranulation of mast cells, thereby preventing the release of the chemical mediators of anaphylaxis.

· Cromolyn sodium and nedocromil, like the inhaled steroids, improve lung function; reduce symptoms, and lower airway reactivity in persons with asthma. 
· They are most effective in atopic patients who have either seasonal disease or perennial airway stimulation. 

Leukotriene Modifiers  
· Drugs have been developed to either reduce the synthesis of all of the leukotrienes by inhibiting 5-lipoxygenase (5-LO), the enzyme involved in their production, or competitively antagonizing the principal moiety (LTD4).
· Zileuton is a modest bronchodilator that reduces asthma morbidity, provides protection against exercise-induced asthma, and diminishes nocturnal symptoms, but it has limited effectiveness against allergens. 
· The LTD4 receptor antagonists (zafirlukast and montelukast) have therapeutic and toxicologic profiles similar to that of zileuton but are long acting and permit twice to single daily dose schedules.

