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    Abstract

      Asthma is a serious health problem throughout the world. During the past two decades, many scientific advances have improved our understanding of asthma and ability to manage and control it effectively. However, recommendations for asthma care need to be adapted to local conditions, resources and services. Since it was formed in 1993, the Global Initiative for Asthma, a network of individuals, organisations and public health officials, has played a leading role in disseminating information about the care of patients with asthma based on a process of continuous review of published scientific investigations. A comprehensive workshop report entitled “A Global Strategy for Asthma Management and Prevention”, first published in 1995, has been widely adopted, translated and reproduced, and forms the basis for many national guidelines. The 2006 report contains important new themes. First, it asserts that “it is reasonable to expect that in most patients with asthma, control of the disease can and should be achieved and maintained,” and recommends a change in approach to asthma management, with asthma control, rather than asthma severity, being the focus of treatment decisions. The importance of the patient–care giver partnership and guided self-management, along with setting goals for treatment, are also emphasised.
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      Asthma is a serious global health problem. People of all ages throughout the world are affected by this chronic airway disorder that, when uncontrolled, can place severe limits on daily life and is sometimes fatal. The prevalence of asthma is increasing in most countries, especially among children. The burden of asthma is experienced not only in terms of healthcare costs but also as lost productivity and reduced participation in family life. During the past two decades, many scientific advances have improved our understanding of asthma and our ability to manage and control it effectively. However, the diversity of healthcare systems and variations in the availability of asthma therapies require that recommendations for asthma care be adapted to local conditions throughout the global community. Public health officials require information about the costs of asthma care and education on methods to develop asthma care services and programmes responsive to the particular needs and circumstances within their countries.

      In 1993, the Global Initiative for Asthma (GINA) was implemented to develop a network of individuals, organisations and public health officials for the dissemination of information regarding the care of patients with asthma, while at the same time assuring a mechanism to incorporate the results of scientific investigations into asthma care. In 1995, in collaboration with the National Heart, Lung, and Blood Institute of the USA and the World Health Organization (WHO), GINA developed a Global Strategy for Asthma Management and Prevention; this 1995 report was revised in 2002 1. Publications based on the Global Strategy for Asthma Management and Prevention have been translated into many different languages to promote international collaboration and dissemination of information. An annual World Asthma Day, initiated in 1991, is gaining increasing attention each year in raising awareness about asthma.

      The 2002 GINA report stated: “it is reasonable to expect that in most patients with asthma, control of the disease can and should be achieved and maintained” 1. To meet this challenge, the 2006 report not only incorporates updated scientific information but also describes a development of this theme and a change in approach to asthma management, with asthma control, rather than asthma severity, being the focus of treatment decisions 2. The control-driven approach proposed involves an iterative cycle of assessment, treatment and adjustments to maintain asthma control, with control as the target. This paradigm shift for asthma care reflects progress in pharmacological care of patients. Many asthma patients are receiving, or have received, some asthma medications. The role of the healthcare professional is to establish each patient's current level of treatment and control, then to adjust treatment to gain and maintain control. The importance of the patient–care giver partnership and guided self-management, along with setting goals for treatment, are further central themes of the revision.

      While early diagnosis of asthma and implementation of appropriate therapy significantly reduces the socioeconomic impact of asthma and enhances patients' quality of life, medications continue to be the major component of the cost of asthma treatment and the pricing of asthma medications continues to be a topic for urgent action. A large segment of the world's population lives in areas with inadequate medical facilities and meagre financial resources, particularly for the management of chronic diseases. The GINA Executive Committee recognises that “fixed” international guidelines and “rigid” scientific protocols will not work in many locations. Therefore, the recommendations found in the present report must be adapted to fit local practices and the availability of healthcare resources.

      
        Methodology and summary of new recommendations

        Since the 2001 GINA report, the Science Committee has continued its programme of keeping the GINA documents current by reviewing published research, evaluating the impact of this research on the management and prevention of asthma and has posted yearly updates of these documents on the GINA website 3. The 2006 GINA report is a complete revision, commenced in January 2005 and completed in November 2006. Several reviewers were invited to submit comments. The report recommends the following.

        1) An overall concept for asthma management is presented and oriented around the focus on asthma control. Achieving and maintaining asthma control is emphasised as the goal of asthma treatment.

        2) Classification of asthma by level of control is recommended: controlled, partly controlled or uncontrolled.

        3) The previous classification of asthma by severity into intermittent, mild persistent, moderate persistent and severe persistent is recommended only for research purposes.

        4) Effective management of asthma requires the development of a partnership between the person with asthma and his or her healthcare professional(s) (and parents/caregivers, in the case of children with asthma).

        5) Treatment options are organised into five “steps” reflecting increasing intensity of treatment (dosages and/or number of medications) required to achieve control. At all steps, a reliever medication should be provided for as-needed use. At steps 2–5, a variety of controller medications are available.

        6) If asthma is not controlled on the current treatment regimen, treatment should be stepped up until control is achieved. When control is maintained, treatment can be stepped down in order to find the lowest step and dose of treatment that maintains control.

        7) Although each component contains management advice for all age categories where these are considered relevant, special challenges must be taken into account in making recommendations for managing asthma in children in the first 5 yrs of life.

        8) A chapter has been added on implementation of asthma guidelines in health systems, which details the process and economics of guideline implementation.

      

      
        Levels of evidence

        Levels of evidence are assigned to management recommendations where appropriate in Section 3: Components of Asthma Management with a system used in previous GINA reports (table 1⇓). Throughout the present report, evidence levels are indicated in parentheses after the relevant statement, e.g. (Evidence A).

      

    

      DEFINITION AND OVERVIEW

      
        Definition

        Asthma is a disorder defined by its clinical, physiological and pathological characteristics as follows. “Asthma is a chronic inflammatory disorder of the airways in which many cells and cellular elements play a role. The chronic inflammation is associated with airway hyperresponsiveness that leads to recurrent episodes of wheezing, breathlessness, chest tightness, and coughing, particularly at night or in the early morning. These episodes are usually associated with widespread, but variable, airflow obstruction within the lung that is often reversible either spontaneously or with treatment” 2.

        Since its pathogenesis is not clear, this definition is descriptive and inclusive of different phenotypes that are being increasingly recognised both on clinical grounds, including responsiveness to treatment, and on the basis of genetic and causative pathological features.

        There is now good evidence that the clinical manifestations of asthma (symptoms, sleep disturbances, limitations of daily activity, impairment of lung function and use of rescue medications) can, in a large proportion of patients, be controlled with appropriate treatment. When asthma is controlled, there should be no more than occasional recurrence of symptoms and severe exacerbations should be rare 4.

      

      
        Burden of asthma

        Worldwide, an estimated 300 million people are affected by asthma 5, 6. Based on the application of standardised methods to the measurement of the prevalence of asthma and wheezing illness in children 5 and adults 7, it appears that the global prevalence of asthma ranges 1–18% of the population in different countries. Its prevalence has been increasing in some countries 8, 9 but has stabilised or even begun to decline in others 10, 11. The WHO has estimated that 15 million disability-adjusted life-yrs are lost annually due to asthma, representing 1% of the total global disease burden 12. Annual worldwide deaths from asthma have been estimated at 250,000 and mortality does not appear to correlate well with prevalence. There are insufficient data to fully explain the variations in prevalence within and between populations. Although from the perspective of both the patient and society the cost to control asthma seems high, the cost of not treating asthma correctly is even higher 13–15. There is every reason to believe that the substantial global burden of asthma can be dramatically reduced through efforts by individuals, their healthcare providers, healthcare organisations, and local and national governments to improve asthma control.

        Detailed reference information about the burden of asthma can be found in the Global Burden of Asthma Report 5.

      

      
        Factors influencing the development and expression of asthma

        Factors that influence the risk of asthma can be divided into those that cause the development of asthma and those that trigger asthma symptoms; some do both.

        The former include host factors (which are primarily genetic) and the latter are usually environmental factors. However, the mechanisms whereby these factors influence the development and expression of asthma are complex and interactive. For example, genes probably interact both with other genes and with environmental factors to determine asthma susceptibility 16, 17. In addition, developmental aspects, such as the maturation of the immune response and the timing of infectious exposures during the first years of life, are emerging as important factors that modify the risk of asthma in the genetically susceptible person. The apparent racial and ethnic differences in the prevalence of asthma reflect underlying genetic variances with a significant overlay of socioeconomic and environmental factors. The higher prevalence of asthma in developed than in developing nations, and in affluent compared with poor populations in developing nations, is likely to reflect lifestyle differences, such as exposure to allergens, access to healthcare, etc.

        Occupational sensitisers account, in part, for the higher prevalence of asthma in urban populations and are risk factors for both developing asthma and asthma symptoms. In contrast, air pollution and some allergens cause symptoms but have not been clearly linked to the development of asthma.

        The interaction between atopy and viral infections is complex 18. The atopic state influences lower airway responses to viral infections and viral infections can influence the development of allergic sensitisation, especially when individuals are exposed simultaneously to both. Exposure to tobacco smoke has several effects in patients at risk of asthma. It increases the risk of allergic sensitisation, is associated with accelerated decline of lung function in people with asthma, increases asthma severity, renders patients less responsive to treatment with inhaled 19, 20 and systemic 21 glucocorticosteroids, and reduces the likelihood of asthma being controlled 22.

      

    

      DIAGNOSIS AND CLASSIFICATION

      
        Clinical diagnosis

        
          Medical history

          A clinical diagnosis of asthma is suggested by symptoms such as episodic breathlessness, wheezing, cough and chest tightness 23. Episodic symptoms after an incidental allergen exposure, seasonal variability of symptoms and a positive family history of asthma and atopic disease are also helpful diagnostic guides. The patterns of these symptoms that strongly suggest an asthma diagnosis are: variability; precipitation by nonspecific irritants, such as smoke, fumes, strong smells or exercise; worsening at night; and responding to appropriate asthma therapy.

          In some sensitised individuals, asthma may be exacerbated by seasonal increases in specific aeroallergens (Alternaria and birch, grass and ragweed pollens) 24. Cough-variant asthma (patients have chronic cough as their principal, if not only, symptom) is particularly common in children and is often more problematic at night; evaluations during the day can be normal 25. Physical activity is an important cause of asthma symptoms for most asthma patients and for some it is the only cause.

        

        
          Physical examination

          The most usual abnormal physical finding is wheezing on auscultation, a finding that confirms the presence of airflow limitation. However, in some people with asthma, wheezing may be absent or only detected when the person exhales forcibly, even in the presence of significant airflow limitation.

        

      

      
        Tests for diagnosis and monitoring

        
          Measurements of lung function

          Although the diagnosis of asthma is usually based on the presence of characteristic symptoms, patients with asthma frequently have poor recognition of their symptoms and poor perception of symptom severity, especially if their asthma is long-standing 26; assessment of symptoms such as dyspnoea and wheezing by physicians may also be inaccurate. For patients >5 yrs of age, measurements of lung function to confirm airflow limitation, and particularly the demonstration of reversibility of lung function abnormalities, greatly enhance diagnostic confidence. Quality control and adequate instruction for patients on how to perform the forced expiratory manoeuvre is essential 27–29.

          The degree of reversibility in forced expiratory volume in one second (FEV1) that indicates a diagnosis of asthma is generally accepted as ≥12% and ≥200 mL from the pre-bronchodilator value 29. However, most patients with controlled asthma will not exhibit reversibility at each assessment, particularly those on treatment, and the test therefore lacks sensitivity. Repeated testing at different visits is advised. Because many lung diseases may result in reduced FEV1, a useful assessment of airflow limitation is the ratio of FEV1 to forced vital capacity (FVC). The FEV1/FVC ratio is normally >0.75–0.80, and possibly >0.90 in children. Lower values suggest airflow limitation.

          Peak expiratory flow (PEF) measurements made using a peak flow meter can also be an important aid in both diagnosis and monitoring of asthma. However, measurements of PEF are not interchangeable with other measurements of lung function, such as FEV1 in adults 30 or children 31, because values obtained with different peak flow meters vary and the range of predicted values is too wide. PEF measurements are also very effort dependent, and quality may be poor. Therefore, measurements should always be compared with the patient's own previous best measurements 32 using his/her own peak flow meter. The previous best measurement is usually obtained when the patient is asymptomatic and controlled.

          The terms “reversibility” and “variability” refer to changes in symptoms accompanied by changes in airflow limitation that occur spontaneously or in response to treatment. The term reversibility is generally applied to rapid improvements in FEV1 (or PEF) measured within minutes after inhalation of a rapid-acting bronchodilator, e.g. after 200–400 μg salbutamol (albuterol), or more sustained improvement over days or weeks after the introduction of effective controller treatment, such as inhaled glucocorticosteroids 29. Variability refers to improvement or deterioration in symptoms and lung function occurring over time. Variability may be experienced over the course of 1 day (when it is called diurnal variability), from day to day, from month to month, or seasonally. Obtaining a history of variability is an essential component of the diagnosis of asthma and forms part of the assessment of asthma control.

        

        
          Measurement of airway responsiveness

          For patients with symptoms consistent with asthma, but normal lung function, measurements of airway responsiveness to methacholine, histamine, mannitol, adenosine monophosphate or exercise challenge may help to establish a diagnosis of asthma 33.

        

        
          Measurements of allergic status

          Because of the strong association between asthma and allergic rhinitis, the presence of allergies, allergic diseases, and allergic rhinitis in particular, increases the probability of a diagnosis of asthma in patients with respiratory symptoms. The presence of allergies in asthma patients (identified by skin testing or measurement of specific immunoglobulin (Ig)E in serum) can help to identify risk factors that cause asthma symptoms in individual patients.

        

      

      
        Diagnostic challenges and differential diagnosis

        
          Children aged ≤5 yrs

          The diagnosis of asthma in early childhood is challenging and has to be based largely on clinical judgment and an assessment of symptoms and physical findings. Since the use of the label “asthma” for wheezing in children has important clinical consequences, it must be distinguished from other causes of persistent and recurrent wheeze. The categories of symptoms that are highly suggestive of a diagnosis of asthma include frequent episodes of wheeze (more than once a month), activity-induced cough or wheeze, nocturnal cough in periods without viral infections, absence of seasonal variation in wheeze, and symptoms that persist after 3 yrs of age. A large number of alternative causes of recurrent wheezing must be considered and excluded in this age group.

          A useful method for confirming the diagnosis of asthma in children aged ≤5 yrs is a trial of treatment with short-acting bronchodilators and inhaled glucocorticosteroids. Marked clinical improvement during the treatment, and deterioration when treatment is stopped, supports a diagnosis of asthma.

        

        
          Older children and adults

          A careful history and physical examination, together with the demonstration of reversible and variable airflow obstruction (preferably by spirometry), will in most instances confirm the diagnosis of asthma. Categories of alternative diagnoses to be considered in older children and adults include: hyperventilation syndrome and panic attacks; upper airway obstruction and inhaled foreign bodies 34; vocal cord dysfunction 35; other forms of obstructive lung disease, particularly chronic obstructive pulmonary disease (COPD); nonobstructive forms of lung disease (e.g. diffuse parenchymal lung disease); and nonrespiratory causes of symptoms (e.g. left ventricular failure).

        

        
          The elderly

          The frequent presence of comorbid diseases complicates the diagnosis of asthma in the elderly. A careful history and physical examination, combined with an ECG and chest radiograph, usually clarifies the picture, but treatment of both the asthma and, if present, comorbid conditions is often necessary to establish the contribution of each to a patient's symptoms. Distinguishing asthma from COPD is particularly difficult, and may require a trial of treatment with bronchodilators and/or oral/inhaled glucocorticosteroids.

        

      

      
        Distinguishing asthma from COPD

        COPD is characterised by airflow limitation that is not fully reversible, is usually progressive and is associated with an abnormal inflammatory response of the lungs to noxious particles or gases. Individuals with asthma who are exposed to noxious agents (particularly cigarette smoking) may develop fixed airflow limitation and a heterogenous inflammatory pattern can be found. Therefore, even though asthma can usually be distinguished from COPD, in some individuals who develop chronic respiratory symptoms and fixed airflow limitation it may be difficult to differentiate the two diseases. Symptom-based questionnaires for differentiating COPD and asthma for use by primary healthcare professionals are available 36, 37.

      

      
        Classification of asthma

        
          Asthma severity

          Previous GINA documents subdivided asthma by severity, based on the level of symptoms, airflow limitation and lung function variability, into four categories: intermittent, mild persistent, moderate persistent or severe persistent (table 2⇓; based on expert opinion rather than evidence). Classification of asthma by the severity of symptoms is useful when decisions are being made about management at the initial assessment of a patient. However, it is important to recognise that asthma severity involves both the severity of the underlying disease and its responsiveness to treatment. Severity is not an invariable feature of an individual patient's asthma but may change over months or years.

          Because of these considerations, the classification of asthma by severity is no longer recommended as the basis for ongoing treatment decisions but it may retain its value as a cross-sectional means of characterising a group of patients with asthma who are not on inhaled glucocorticosteroid treatment, for selecting patients for inclusion in asthma studies. Its main limitation is its poor value in predicting what treatment will be required and what a patient's response to that treatment might be.

        

        
          Asthma control

          In general, the term control may indicate disease prevention or even cure. However, in asthma, where neither of these are realistic options at present, it refers to control of the manifestations of disease. There is evidence that reducing inflammation with controller therapy achieves clinical control, but because of the cost and/or general unavailability of tests to routinely assess airway inflammation 38–42, it is recommended that treatment is aimed at controlling the clinical features of disease, including lung function abnormalities. Table 3⇓ provides the characteristics of controlled, partly controlled and uncontrolled asthma. This is a working scheme based on current opinion and has not been validated.

          Complete control of asthma is commonly achieved with treatment, the aim of which should be to achieve and maintain control for prolonged periods 22 with due regard for the safety of treatment, potential for adverse effects, and the cost of treatment required to achieve this goal.

          Validated measures for assessing the clinical control of asthma score goals as continuous variables and provide numerical values to distinguish different levels of control. Examples of validated instruments are: the Asthma Control Questionnaire 43, 44, Childhood Asthma Control Test 45, Asthma Control Test 46, 47, Asthma Therapy Assessment Questionnaire 48, 49 and Asthma Control Scoring System 50. Not all of these instruments include a measure of lung function. Their value in clinical practice, as distinct from the research setting, although suggested in several reports, requires further evaluation.

        

      

    

      ASTHMA TREATMENTS

      Medications to treat asthma can be classified as controllers or relievers. Controllers are medications taken daily on a long-term basis to keep asthma under clinical control chiefly through their anti-inflammatory effects. Relievers are medications used on an as-needed basis, which act quickly to reverse bronchoconstriction and relieve its symptoms.

      
        Asthma medications: adults

        Asthma treatment for adults can be administered in different ways: inhaled, orally or parenterally (by subcutaneous, intramuscular or intravenous injection). The major advantage of inhaled therapy is that drugs are delivered directly into the airways, producing higher local concentrations with significantly lower risk of systemic side effects. Further information regarding various inhaler devices can be found from GINA 3.

        
          Controller medications

          
            Inhaled glucocorticosteroids

            Role in therapy. Inhaled glucocorticosteroids are currently the most effective anti-inflammatory medications for the treatment of persistent asthma. Studies have demonstrated their efficacy in reducing asthma symptoms 51, improving quality of life 51, improving lung function 51, decreasing airway hyperresponsiveness 52, controlling airway inflammation 53, reducing frequency and severity of exacerbations 54 and reducing asthma mortality 55. However, they do not cure asthma and when they are discontinued, deterioration of clinical control follows within weeks to months in a proportion of patients 56, 57.

            Table 4⇓ lists estimated equipotent doses of different inhaled glucocorticosteroids based upon the available efficacy literature, but the classification into dosage categories does not imply that clear dose–response relationships have been demonstrated for each drug. The efficacy of some products varies when administered via different inhaler devices 58. Most of the benefit from inhaled glucocorticosteroids is achieved in adults at relatively low doses, equivalent to 400 μg of budesonide per day 59. (In this section, recommendations for doses of inhaled glucocorticosteroids are given as “μg·day−1 budesonide or equivalent”, because a majority of the clinical literature on these medications uses this standard.) Increasing to higher doses provides little further benefit in terms of asthma control but increases the risk of side-effects 59, 60. However, there is marked individual variability of responsiveness to inhaled glucocorticosteroids, and because of this and the recognised poor adherence to treatment with inhaled glucocorticosteroids, many patients will require higher doses to achieve full therapeutic benefit. As tobacco smoking reduces the responsiveness to inhaled glucocorticosteroids, higher doses may be required in patients who smoke.

            To reach clinical control, add-on therapy with another class of controller is preferable to increasing the dose of inhaled glucocorticosteroids. Some patients with severe asthma may benefit from long-term treatment with higher doses of inhaled glucocorticosteroids.

            Side-effects. Systemic effects of inhaled glucocorticosteroids are not a problem in adults at doses of ≤400 μg budesonide or equivalent daily. The systemic side-effects of long-term treatment with high doses of inhaled glucocorticosteroids include easy bruising 61, adrenal suppression 62, 63 and decreased bone mineral density 64, 65. Inhaled glucocorticosteroids have also been associated with cataracts 66 and glaucoma in cross-sectional studies 67, 68, but there is no evidence of posterior-subcapsular cataracts in prospective studies 69–71.

          

          
            Leukotriene modifiers

            Role in therapy. Leukotriene modifiers include cysteinyl-leukotriene 1 receptor antagonists (montelukast, pranlukast and zafirlukast) and a 5-lipoxygenase inhibitor (zileuton). Clinical studies have demonstrated that leukotriene modifiers have a small and variable bronchodilator effect, reduce symptoms (including cough) 72, improve lung function, and reduce airway inflammation and asthma exacerbations 73–75. They may be used as an alternative treatment for adult patients with mild persistent asthma 76–78, and some patients with aspirin-sensitive asthma respond well to leukotriene modifiers 79. However, when used alone as controller, the effects of leukotriene modifiers are less than those of low doses of inhaled glucocorticosteroids and, in patients already on inhaled glucocorticosteroids, leukotriene modifiers cannot substitute for this treatment without risking the loss of asthma control 80, 81. Leukotriene modifiers used as add-on therapy may reduce the dose of inhaled glucocorticosteroids required by patients with moderate to severe asthma 82, and may improve asthma control in patients whose asthma is not controlled with low or high doses of inhaled glucocorticosteroids 81, 83–85. With the exception of one study that has demonstrated equivalence in preventing exacerbations 86, several studies have demonstrated that leukotriene modifiers are less effective than long-acting inhaled β2-agonists as add-on therapy 87–90.

            Side-effects. Leukotriene modifiers are well tolerated, and few, if any, class-related effects have so far been recognised. Zileuton has been associated with liver toxicity and monitoring of liver tests is recommended during treatment with this medication. The apparent association of leukotriene modifiers with Churg–Strauss syndrome is probably largely the result of reductions in the doses of systemic and/or inhaled glucocorticosteroids unmasking the underlying disease, but a causal association in some patients cannot be entirely excluded 91–93.

          

          
            Long-acting inhaled β2-agonists

            Role in therapy. Long-acting inhaled β2-agonists, including formoterol and salmeterol, should never be used as monotherapy for asthma as these medications do not appear to influence the airway inflammation in asthma. They are most effective when combined with inhaled glucocorticosteroids 94–96, and this combination therapy is the preferred treatment when a medium dose of inhaled glucocorticosteroid alone fails to achieve control of asthma. Addition of long-acting inhaled β2-agonists to a daily regimen of inhaled glucocorticosteroids improves symptom scores, decreases nocturnal asthma, improves lung function, decreases the use of rapid-acting inhaled β2-agonists 97–99, reduces the number of exacerbations 54, 97–102 and achieves clinical control of asthma in more patients, more rapidly, and at a lower dose of inhaled glucocorticosteroids than inhaled glucocorticosteroids given alone 22. Controlled studies have shown that delivering this therapy in a combination inhaler is as effective as giving each drug separately 103, 104.

            Side-effects. Therapy with long-acting inhaled β2-agonists causes fewer systemic adverse effects than oral therapy. The regular use of rapid-acting β2-agonists in both short- and long-acting forms may lead to relative refractoriness to β2-agonists 105. A possible increased risk of asthma-related death associated with the use of salmeterol in a small group of individuals 106 led to advisories that long-acting β2-agonists are not a substitute for inhaled or oral glucocorticosteroids, and should only be used in combination with an appropriate dose of inhaled glucocorticosteroid as determined by a physician 107, 108.

          

          
            Theophylline

            Theophylline is a bronchodilator and, when given in a lower dose, has modest anti-inflammatory properties 109–111. Sustained-release theophylline has little effect as a first-line controller 112 but may provide benefit, although less than that provided by long-acting inhaled β2-agonists 113, 114, as add-on therapy in patients who do not achieve control on inhaled glucocorticosteroids alone 115–117. Side-effects of theophylline, particularly at higher doses (≥10 mg·kg−1 body weight per day), are significant and detract from their usefulness but can be reduced by careful dose selection and monitoring, and generally decrease or disappear with continued use.

            The role of cromones (sodium cromoglycate and nedocromil sodium) and oral long-acting β2-agonists in asthma in adults is limited and their use is not recommended.

          

          
            Anti-IgE

            Role in therapy. Anti-IgE (omalizumab) is a treatment option limited to patients with elevated serum levels of IgE. Its current indication is for patients with severe allergic asthma 118 who are uncontrolled on high doses of inhaled glucocorticosteroids, although the dose of concurrent treatment has varied in different studies. Improved asthma control is reflected by fewer symptoms, less need for reliever medications and fewer exacerbations 119, 120.

            Side-effects. For asthma patients already receiving treatment with glucocorticosteroids (inhaled and/or oral) and long-acting β2-agonists 118, anti-IgE appears to be safe as add-on therapy 121–123.

          

          
            Systemic glucocorticosteroids

            Role in therapy. Long-term oral glucocorticosteroid therapy (for periods >2 weeks as a glucocorticosteroid “burst”) may be required for severely uncontrolled asthma but its use is limited by the risk of significant adverse effects. Oral preparations are preferred over parenteral (intramuscular or intravenous) for long-term therapy because of their lower mineralocorticoid effect, relatively short half-life and lesser effects on striated muscle, as well as the greater flexibility of dosing that permits titration to the lowest acceptable dose that maintains control.

            Side-effects. The systemic side-effects of long-term oral or parenteral glucocorticosteroid treatment include osteoporosis, arterial hypertension, diabetes, hypothalamic-pituitary-adrenal (HPA) axis suppression, obesity, cataracts, glaucoma, skin thinning leading to cutaneous striae and easy bruising, and muscle weakness. Patients with asthma who are on long-term systemic glucocorticosteroids in any form should receive preventive treatment for osteoporosis 124–126. Caution and close medical supervision are recommended when considering the use of systemic glucocorticosteroids in patients with asthma who also have tuberculosis, parasitic infections, osteoporosis, glaucoma, diabetes, severe depression or peptic ulcers. Fatal herpes virus infections have been reported among patients who are exposed to these viruses while taking systemic glucocorticosteroids, even a short course.

          

          
            Oral anti-allergic compounds

            In some countries, oral anti-allergic compounds have been introduced for the treatment of mild-to-moderate allergic asthma. In general, their anti-asthma effect appears to be limited 127 but studies on the relative efficacy of these compounds are needed before recommendations can be made about their role in the long-term treatment of asthma. Sedation is a potential side effect of some of these medications.

          

          
            Other controller therapies

            Role in therapy. Various therapeutic regimens to reduce the dose of oral glucocorticosteroids required by patients with severe asthma have been proposed. These medications should be used only in selected patients under the supervision of an asthma specialist, as their potential steroid-sparing effects may not outweigh the risk of serious side-effects. Two meta-analyses of the steroid-sparing effect of low-dose methotrexate showed a small overall benefit but a relatively high frequency of adverse effects 128, 129. This small potential to reduce the impact of glucocorticosteroid side-effects is probably insufficient to offset the adverse effects of methotrexate 130. Cyclosporin 131 and gold 132, 133 have also been shown to be effective in some patients. The macrolide troleandromycin has a small steroid-sparing effect when used with systemic methylprednisolone, but its effect may result from the macrolide decreasing metabolism of the glucocorticosteroid and therefore not improve safety. However, other effects of the long-term use of macrolides in asthma remain under study 134. The use of intravenous Ig is not recommended 135–137.

            Side-effects. Macrolide use is frequently associated with nausea, vomiting, abdominal pain and, occasionally, liver toxicity. Methotrexate also causes gastrointestinal symptoms, hepatic and diffuse pulmonary parenchymal disease on rare occasions, and haematological and teratogenic effects. Cyclosporin may cause hypertension and renal impairment.

          

          
            Allergen-specific immunotherapy

            The role of specific immunotherapy in adult asthma is limited. Appropriate immunotherapy requires the identification and use of a single well-defined clinically relevant allergen. The latter is administered in progressively higher doses in order to induce tolerance. A Cochrane Review, which examined 75 randomised controlled trials of specific immunotherapy compared with placebo, confirmed the efficacy of this therapy in reducing symptom scores and medication requirements in asthma, and improving allergen-specific and nonspecific airway hyperresponsiveness 138. Similar modest effects were identified in a systematic review of sublingual immunotherapy 139. The value of immunotherapy using multiple allergens does not have support. Side-effects range from localised reactions at the injection site to life-threatening anaphylactic reactions.

          

        

        
          Reliever medications

          
            Rapid-acting inhaled β2-agonists

            Rapid-acting inhaled β2-agonists are the medications of choice for quick relief of bronchospasm during acute exacerbations of asthma and for the pretreatment of exercise-induced bronchoconstriction. They should be used only on an as-needed basis at the lowest dose and frequency required. Increased use, especially daily use, is a warning of deterioration of asthma control and indicates the need to reassess treatment. Similarly, failure to achieve a quick and sustained response to β2-agonist treatment during an exacerbation mandates medical attention and may indicate the need for short-term treatment with oral glucocorticosteroids. Side-effects such as tremor and tachycardia occur with higher doses.

          

          
            Anticholinergics

            Role in therapy. Inhaled ipratropium bromide is a less effective reliever medication in asthma than rapid-acting inhaled β2-agonists and it is not recommended for the long-term management of asthma, except as an alternative bronchodilator for patients who experience tachycardia, arrhythmia and tremor from rapid-acting β2-agonists.

            Side-effects. Side-effects include dryness of the mouth and a bitter taste, but there is no evidence of a drying effect on airway mucus 140.

          

          
            Short-acting oral β2-agonists

            Short-acting oral β2-agonists are appropriate for use in the few patients who are unable to use inhaled medication. However, their use is associated with a higher prevalence of adverse effects.

          

        

        
          Complementary and alternative medicine

          Complementary and alternative therapies in general have not been shown to be effective in the management of asthma.

        

      

      
        Asthma treatment: children

        
          Route of administration

          Inhaled therapy is the cornerstone of asthma treatment for children of all ages. Different age groups require different inhalers for effective therapy, so the choice of inhaler must be individualised. Information about the lung dose for a particular drug formulation is seldom available for children, and marked differences exist between the various inhalers. This should be considered whenever one inhaler device is substituted with another. In addition, the choice of inhaler device should include consideration of the efficacy of drug delivery, cost, safety, ease of use, convenience, and documentation of its use in the patient's age group 141–143. In general, a metered-dose inhaler (MDI) with spacer is preferable to nebulised therapy due to its greater convenience, more effective lung deposition, lower risk of side-effects and lower cost. During acute asthma attacks, an MDI should always be used with a spacer, as in this situation a child may be unable to correctly coordinate inhalation with actuation of the MDI. Commercially produced spacers with well-characterised drug output characteristics are preferable.

          Nebulisers have rather imprecise dosing, are expensive, are time consuming to use and care for and require maintenance. They are mainly reserved for children who cannot use other inhaler devices. In severe acute asthma exacerbations, a nebuliser is often used, although an MDI with a spacer is equally effective 144.

        

        
          Controller medications

          Controller medications for children include inhaled and systemic glucocorticosteroids, leukotriene modifiers, long-acting inhaled β2-agonists, theophylline and cromones.

          
            Inhaled glucocorticosteroids

            Role in therapy. Inhaled glucocorticosteroids are the most effective controller therapy for asthma for children of all ages. Table 5⇓ lists estimated equipotent doses of different inhaled glucocorticosteroids administered via different inhalation devices.

            Children aged >5 yrs. Dose–response and dose titration studies in children 145, 146 demonstrate marked and rapid clinical improvements in symptoms and lung function at low doses of inhaled glucocorticosteroids (e.g. 100–200 μg budesonide daily) 147–151 in a majority of patients 149, but some patients require higher doses (400 μg·day−1) 148, 151. When glucocorticosteroid treatment is discontinued, asthma control deteriorates within weeks to months 52.

            Children aged ≤5 yrs. Treatment with inhaled glucocorticosteroids in children aged ≤5 yrs with asthma generally produces similar clinical effects as in older children, but dose–response relationships have been less well studied. The clinical response may differ depending on the inhaler and the child's ability to use the inhaler correctly. With use of a spacer device, daily doses ≤400 μg of budesonide or equivalent result in near-maximum benefits in the majority of patients 152, 153. Use of inhaled glucocorticosteroids does not induce remission of asthma and it returns when treatment is stopped 154.

            The clinical benefits of intermittent systemic or inhaled glucocorticosteroids for children with intermittent, viral-induced wheeze remain controversial 155. There is no evidence to support the use of maintenance low-dose inhaled glucocorticosteroids for preventing early transient wheezing 154–156.

            Side-effects. The majority of studies evaluating the systemic effects of inhaled glucocorticosteroids have been undertaken in children aged >5 yrs.

            A summary of the findings of studies on inhaled glucocorticosteroids and growth is provided in table 6⇓.

            The potential clinically relevant adverse effects of inhaled glucocorticosteroids on bones in children are osteoporosis and fracture. The conclusions from several studies 52,  149,  160–166 are summarised in table 7⇓.

            Treatment with inhaled glucocorticosteroid doses of <200 μg budesonide or equivalent daily is normally not associated with significant suppression of the HPA axis in children 52. However, adrenal crisis has been reported in children treated with excessively high doses 167.

            Inhaled glucocorticosteroids have not been associated with an increased occurrence of cataract development in children 52, 69.

            Although isolated case reports have suggested that hyperactive behaviour, aggressiveness, insomnia, uninhibited behaviour and impaired concentration may be seen with inhaled glucocorticosteroid treatment, no increase in such central nervous system effects has been found in two long-term controlled trials of inhaled budesonide involving >10,000 treatment-yrs 52, 149.

            Clinical thrush is seldom a problem in children treated with inhaled or systemic glucocorticosteroids. The occurrence of hoarseness or other noticeable voice changes during budesonide treatment is similar to placebo 69. Treatment with an average daily dose of 500 μg budesonide for 3–6 yrs is not associated with an increased tendency to bruise 69.

            With regard to dental side-effects, inhaled glucocorticosteroid treatment is not associated with increased incidence of caries. However, the increased level of dental erosion reported in children with asthma 168 may be due to a reduction in oral pH that could result from inhalation of β2-agonists 169.

            The long-term use of inhaled glucocorticosteroids is not associated with other local side-effects, such as an increased incidence of lower respiratory tract infections, including tuberculosis.

          

          
            Leukotriene modifiers

            Children aged >5 yrs. Leukotriene modifiers provide clinical benefit in children aged >5 yrs at all levels of severity 170–174 but less than that of low-dose inhaled glucocorticosteroids 175. Leukotriene modifiers provide partial protection against exercise-induced bronchoconstriction within hours after administration with no loss of bronchoprotective effects 176. As add-on treatment in children whose asthma is insufficiently controlled by low doses of inhaled glucocorticosteroids, leukotriene modifiers provide moderate clinical improvements, including a significant reduction in exacerbations 177, 178. However, combination therapy is less effective in controlling asthma in children with moderate persistent asthma than increasing to moderate doses of inhaled glucocorticosteroid 179.

            Children aged ≤5 yrs. In addition to the efficacy as described previously 180, 181, leukotriene modifiers reduce viral-induced asthma exacerbations in children aged 2–5 yrs with a history of intermittent asthma 180.

            Side-effects. No safety concerns have been demonstrated from the use of leukotriene modifiers in children.

          

          
            Long-acting inhaled β2-agonists

            Role in therapy. Long-acting inhaled β2-agonists are primarily used as add-on therapy in children aged >5 yrs whose asthma is insufficiently controlled by moderate doses of inhaled glucocorticosteroids or as single-dose therapy before vigorous exercise. Monotherapy with long-acting inhaled β2-agonists should be avoided 106. Combination products containing an inhaled glucocorticosteroid and a long-acting inhaled β2-agonist are preferred to long-acting inhaled β2-agonist and inhaled glucocorticosteroids administered by separate inhalers. The effect of long-acting inhaled β2-agonists or combination products has not yet been adequately studied in children aged ≤5 yrs.

            Side-effects. Although long-acting inhaled β2-agonists are well-tolerated in children, even after long-term use, because of inconsistency of reports on their effects on exacerbations of asthma, they are not the recommended option when more than one controller is required 182. If used, long-acting β2-agonists should only be used in combination with an appropriate dose of inhaled glucocorticosteroid as determined by a physician, preferably in a fixed combination inhaler.

          

          
            Theophylline

            Role in therapy. Theophylline has been shown to be effective as monotherapy and as add-on treatment to inhaled or oral glucocorticosteroids in children aged >5 yrs. It is significantly more effective than placebo at controlling day and night symptoms and improving lung function 183–185. Maintenance treatment offers a marginal protective effect against exercise-induced bronchoconstriction 186. Add-on treatment with theophylline has been found to improve asthma control and reduce the maintenance glucocorticosteroid dose necessary in children with severe asthma treated with inhaled or oral glucocorticosteroids 187, 188. A few studies in children aged ≤5 yrs also suggest some clinical benefit. However, the efficacy of theophylline is less than that of low-dose inhaled glucocorticosteroids. Sustained-release products are preferable for maintenance therapy, since they enable twice-daily dosing. Measurement of plasma theophylline levels is not necessary in otherwise healthy children when doses <10 mg·kg−1·day−1 are used. However, when higher doses are used or when drugs that may increase theophylline levels are also used chronically, plasma theophylline levels should be measured 2 h before administration of the next dose once steady state has been reached (after 3 days).

            Side-effects. The most common side-effects of theophylline are anorexia, nausea, vomiting and headache 189. Mild central nervous stimulation, palpitations, tachycardia, arrhythmias, abdominal pain, diarrhoea and, rarely, gastric bleeding may also occur. These side-effects are mainly seen at doses >10 mg·kg−1·day−1. The risk of adverse effects is reduced if treatment is initiated with daily doses ∼5 mg·kg−1·day−1 and then gradually increased to 10 mg·kg−1·day−1. Severe overdosing with theophylline can be fatal.

          

          
            Cromones: sodium cromoglycate and nedocromil sodium

            Sodium cromoglycate and nedocromil sodium have a limited role in the long-term treatment of asthma in children.

          

          
            Long-acting oral β2-agonists

            Due to the potential side-effects of cardiovascular stimulation, anxiety and skeletal muscle tremor, treatment with long-acting oral β2-agonists is not encouraged. If used, dosing should be individualised, and the therapeutic response monitored to limit side-effects 190. Long-acting oral β2-agonist therapy offers little or no protection against exercise-induced bronchoconstriction.

          

          
            Systemic glucocorticosteroids

            Because of the side-effects of prolonged use, oral glucocorticosteroids in children with asthma should be restricted to the treatment of acute severe exacerbations, whether viral-induced or otherwise.

          

        

        
          Reliever medications

          
            Rapid-acting and short-acting oral β2-agonists.

            Role in therapy. Rapid-acting inhaled β2-agonists are the most effective bronchodilators available and are therefore the preferred treatment for acute asthma in children of all ages. The inhaled route results in more rapid bronchodilation at a lower dose and with fewer side-effects than oral or intravenous administration 191. Furthermore, inhaled therapy offers significant protection against exercise-induced bronchoconstriction and other challenges for 0.5–2 h (long-acting β2-agonists offer longer protection) 192. This is not seen after systemic administration 193. Oral therapy is rarely needed and reserved mainly for young children who cannot use inhaled therapy.

            Side-effects. Skeletal muscle tremor, headache, palpitations and some agitation are the most common complaints associated with high doses of β2-agonists in children. These complaints are more common after systemic administration and disappear with continued treatment 194.

          

          
            Anticholinergics

            Inhaled anticholinergics are not recommended for long-term management of asthma in children 195.

          

        

      

    

      ASTHMA MANAGEMENT AND PREVENTION

      Clinical studies have shown that asthma can be effectively controlled by intervening to suppress and reverse the inflammation, as well as treating the bronchoconstriction and related symptoms. Furthermore, early intervention to stop exposure to the risk factors that sensitised the airway may help improve the control of asthma and reduce medication needs. The recommendations for asthma management are described in five interrelated components of therapy and have the following major goals: 1) to achieve and maintain control of symptoms; 2) to maintain normal activity levels, including exercise; 3) to maintain pulmonary function as close to normal as possible; 4) to prevent asthma exacerbations; 5) to avoid adverse effects from asthma medications; and 6) to prevent asthma mortality.

      
        Component 1: develop patient–doctor partnership

        The effective management of asthma requires the development of a partnership between the person with asthma and his or her healthcare professional(s) (and parents/caregivers in the case of children with asthma). The aim of this partnership is to enable patients with asthma to gain the knowledge, confidence and skills to assume a major role in the management of their asthma. The partnership is formed and strengthened as patients and their healthcare professionals discuss and agree on the goals of treatment, develop a personalised, written self-management action plan including self-monitoring, and periodically review the patient's treatment and level of asthma control.

        This approach, guided self-management, has been shown to reduce asthma morbidity in both adults (Evidence A) and children (Evidence A). A number of specific systems of guided self-management have been developed 196–205 for use in a wide range of settings, including primary care 197, 201, 205, hospitals 196, 198, 200, 204, emergency departments 199 and internet-based home monitoring 206, and among such diverse groups as pregnant women with asthma 207, children and adolescents 208, 209, and in multi-racial populations 210. Guided self-management may involve varying degrees of independence, ranging broadly from patient-directed self-management, in which patients make changes without reference to their caregiver but in accordance with a prior written action plan, to doctor-directed self-management, in which patients follow a written action plan but refer most major treatment changes to their physician at the time of planned or unplanned consultations. A series of Cochrane Systematic Reviews 208,  211–214 have examined the role of education and self-management strategies in the care of asthma patients.

        
          Asthma education

          Education should be an integral part of all interactions between healthcare professionals and patients, and is relevant to asthma patients of all ages. All individuals require certain core information and skills, but most education must be personalised and given to the person in a number of steps. Social and psychological support may also be required to maintain positive behavioural change.

          Good communication is essential as the basis for subsequent good compliance and adherence (Evidence B) 215–218. Teaching healthcare professionals to improve their communication skills can result in measurably better outcomes, including increased patient satisfaction, better health and reduced use of healthcare, and these benefits may be achieved without any increase in consultation times 219. Patients should be taught how to give information to doctors in a clearer manner; information-seeking techniques and methods of checking their understanding of what the doctor had told them gained significant improvements in compliance and overall health 220.

          Early in the consultation the patient needs information about diagnosis and simple information about types of treatment available, the rationale for specific therapeutic interventions being recommended, and strategies for avoiding factors that cause asthma symptoms. Verbal information should be supplemented by the provision of written or pictorial 221, 222 information about asthma and its treatment. Different inhaler devices can be demonstrated and the person with asthma encouraged to participate in the decision as to which is most suitable for them. Criteria for the initial selection of inhaler device include device availability and cost, patient skills, and preferences of the health professional and patient 142, 223, 224. Patients should be given adequate opportunity to express their expectations of both their asthma and its treatment. A frank appraisal should be made of how far their expectations may or may not be met, and agreement should be made about specific goals for therapy.

          Personal asthma action plans help individuals with asthma make changes to their treatment in response to changes in their level of asthma control, as indicated by symptoms and/or peak expiratory flow, in accordance with written predetermined guidelines 225–227. The effects were greatest where the intervention involved each of the following elements: education, self-monitoring, regular review and patient-directed self-management using a written self-management action plan (Evidence A). Patients who are unable to undertake guided self-management can still achieve benefit from a structured programme of regular medical review. Examples of self-management plans can be found on several websites: UK National Asthma Campaign Plan 228; International Asthma Management Plan “Zone System” 229; and New Zealand “Credit Card” System 230.

          Follow-up consultations should take place at regular intervals. Patient's questions are discussed, and any problems with asthma and its initial treatment are reviewed. Inhaler device technique should be assessed regularly and corrected if inadequate 231. Follow-up consultations should also include checking adherence/compliance to the medication plan and recommendations for reducing exposure to risk factors. Symptoms (and, where appropriate, home peak flow recordings) noted in the diary are also reviewed regularly. After a period of initial training, the frequency of home peak flow and symptom monitoring depends in part on the level of control of the person's asthma. The written self-management plan and its understanding are also reviewed. Educational messages should be reviewed and repeated or added to if necessary.

          
            Improving adherence

            Studies of adults and children 232 have shown that ∼50% of those on long-term therapy fail to take medications as directed at least part of the time. Nonadherence may be defined in a nonjudgmental way as the failure of treatment to be taken as agreed upon by the patient and the healthcare professional. Nonadherence may be identified by prescription monitoring, pill counting or drug assay, but at a clinical level it is best detected by asking about therapy in a way that acknowledges the likelihood of incomplete adherence.

          

        

        
          The education of others

          The education of the general public, especially in a school or occupational setting, about asthma is helpful in that it enables members of the public to recognise asthma symptoms and their consequences and encourages those with asthma to seek medical attention and follow their asthma-management programme.

        

      

      
        Component 2: identify and reduce exposure to risk factors

        Although pharmacological intervention to treat established asthma is highly effective in controlling symptoms and improving quality of life, measures to prevent the development of asthma, asthma symptoms, and asthma by avoiding or reducing exposure to risk factors should be implemented wherever possible 233. Few measures can be recommended for prevention of asthma because the development of the disease is complex and incompletely understood. Until such measures are developed, prevention efforts must primarily focus on prevention of asthma symptoms and attacks.

        
          Asthma prevention

          Other than preventing tobacco exposure both in utero and after birth, there are no proven and widely accepted interventions that can prevent the development of asthma.

          Allergic sensitisation can occur pre-natally 234, 235 but there is insufficient information on the critical doses and timing of allergen exposure to permit intervention in this process, and no strategies can be recommended to prevent allergic sensitisation pre-natally. The role of diet, particularly breast-feeding, in relation to the development of asthma has been extensively studied and, in general, infants fed formulas of intact cow's milk or soy protein compared with breast milk have a higher incidence of wheezing illnesses in early childhood 236. Exclusive breast-feeding during the first months after birth is associated with lower asthma rates during childhood 237.

          The “hygiene hypothesis” of asthma, although controversial, has led to the suggestion that strategies to prevent allergic sensitisation should focus on redirecting the immune response of infants toward a type 1 helper T-cell, nonallergic response or on modulating T-regulator cells 238, but such strategies currently remain in the realm of hypothesis and require further investigation.

          Exposure to tobacco smoke, both pre-natally and post-natally, is associated with measurable harmful effects, including effects on lung development 239 and a greater risk of developing wheezing illnesses in childhood 240. Pregnant females and parents of young children should be advised not to smoke (Evidence B).

        

        
          Prevention of asthma symptoms and exacerbations

          Asthma exacerbations may be caused by a variety of factors, sometimes referred to as “triggers”, including allergens, viral infections, pollutants and drugs. Reducing a patient's exposure to some of these categories of risk factors (e.g. smoking cessation, reducing exposure to second-hand smoke, reducing or eliminating exposure to occupational agents known to cause symptoms and avoiding foods/additives/drugs known to cause symptoms) improves the control of asthma and reduces medication needs. In the case of other factors (e.g. allergens, viral infections and pollutants), measures should be taken to avoid these, where possible. Because many asthma patients react to multiple factors that are ubiquitous in the environment, avoiding these factors completely is usually impractical and very limiting to the patient. Therefore, medications to maintain asthma control have an important role because patients are often less sensitive to these risk factors when their asthma is under good control.

          
            Indoor allergens

            Among the wide variety of allergen sources in human dwellings are domestic mites, furred animals, cockroaches and fungi. However, there is conflicting evidence about whether measures to create a low-allergen environment in patients' homes and reduce exposure to indoor allergens are effective at reducing asthma symptoms 241. The majority of single interventions have failed to achieve a sufficient reduction in allergen load to lead to clinical improvement 241–243. It is likely that no single intervention will achieve sufficient benefits to be cost effective.

          

          
            Outdoor allergens

            Outdoor allergens, such as pollens and moulds, are impossible to avoid completely. Exposure may be reduced by closing windows and doors, remaining indoors when pollen and mould counts are highest, and using air conditioning if possible. Some countries use radio, television and the internet to provide information on outdoor allergen levels. The impact of these measures is difficult to assess.

          

          
            Indoor air pollutants

            Parents/caregivers of children with asthma should be advised not to smoke and not to allow smoking in rooms their children use. In addition to increasing asthma symptoms and causing long-term impairments in lung function, active cigarette smoking reduces the efficacy of inhaled and systemic glucocorticosteroids (Evidence B) 19, 21, and smoking cessation needs to be vigorously encouraged for all patients with asthma who smoke 244. Other major indoor air pollutants include nitric oxide, nitrogen oxides, carbon monoxide, carbon dioxide, sulfur dioxide, formaldehyde and biologicals (endotoxin) 245. However, methods to control or prevent exposure to these pollutants, such as venting all furnaces to the outdoors and maintaining heating systems adequately, have not been adequately evaluated and can be expensive (Evidence D).

          

          
            Outdoor air pollutants

            Outbreaks of asthma exacerbations have been shown to occur in relationship to increased levels of air pollutants, such as ozone, nitrogen oxides, acidic aerosols and particulate matter, and this may be related to a general increase in pollutant levels or to an increase in specific allergens to which individuals are sensitised 246–248. On occasion, certain weather and atmospheric conditions, e.g. thunderstorms 249, favour the development of asthma exacerbations by a variety of mechanisms, including dust and pollution, increases in respirable allergens and changes in temperature/humidity. Avoidance of unfavourable environmental conditions is usually unnecessary for patients whose asthma is controlled. For patients with asthma that is difficult to control, practical steps to take during unfavourable environmental conditions include: avoiding strenuous physical activity in cold weather, low humidity or high air pollution; avoiding smoking and smoke-filled rooms; and staying indoors in a climate-controlled environment.

          

          
            Occupational exposures

            The early identification of occupational sensitisers and the removal of sensitised patients from any further exposure are important aspects of the management of occupational asthma (Evidence B). Once a patient has become sensitised to an occupational allergen, the level of exposure necessary to induce symptoms may be extremely low, and resulting exacerbations become increasingly severe.

          

          
            Food and food additives

            Food allergy as an exacerbating factor for asthma is uncommon and occurs primarily in young children. Food avoidance should not be recommended until an allergy has been clearly demonstrated (usually by oral challenges) 250. When food allergy is demonstrated, food allergen avoidance can reduce asthma exacerbations (Evidence D) 251.

          

          
            Drugs

            Some medications can exacerbate asthma. Aspirin and other nonsteroidal anti-inflammatory drugs can cause severe exacerbations and should be avoided in patients with a history of reacting to these agents 252. β-Blocker drugs administered orally or intraocularly may exacerbate bronchospasm (Evidence A) and close medical supervision is essential when these are used by patients with asthma 253.

          

          
            Influenza vaccination

            Patients with moderate-to-severe asthma should be advised to receive an influenza vaccination every year 254, or at least when vaccination of the general population is advised. However, routine influenza vaccination of children 255 and adults 256 with asthma does not appear to protect them from asthma exacerbations or improve asthma control.

          

          
            Obesity

            Increases in body mass index have been associated with increased prevalence of asthma, although the mechanisms behind this association are unclear 257. Weight reduction in obese patients with asthma has been demonstrated to improve lung function, symptoms, morbidity and health status (Evidence B) 258.

          

          
            Emotional stress

            Emotional stress may lead to asthma exacerbations, primarily because extreme emotional expressions (laughing, crying, anger or fear) can lead to hyperventilation and hypocapnia, which can cause airway narrowing 259, 260. Panic attacks, which are rare but not exceptional in some patients with asthma, have a similar effect 261, 262. However, it is important to note that asthma is not primarily a psychosomatic disorder.

          

          
            Other factors that may exacerbate asthma

            Rhinitis, sinusitis and polyposis are frequently associated with asthma and need to be treated. In children, antibiotic treatment of bacterial sinusitis has been shown to reduce the severity of asthma 263. However, sinusitis and asthma may simply coexist. Apart from sinusitis, there is little evidence that bacterial infections exacerbate asthma. Gastro-oesophageal reflux can exacerbate asthma, especially in children, and asthma sometimes improves when the reflux is corrected 264, 265. Many females complain that their asthma is worse at the time of menstruation, and pre-menstrual exacerbations have been documented 266. Similarly, asthma may improve, worsen or remain unchanged during pregnancy 267.

          

        

      

      
        Component 3: assess, treat and monitor asthma

        The goal of asthma treatment, to achieve and maintain clinical control, can be reached in a majority of patients 22 with a pharmacological intervention strategy developed in partnership between the patient/family and the doctor. Each patient is assigned to one of five “treatment steps”, depending on their current level of control, and treatment is adjusted in a continuous cycle driven by changes in their asthma control status. This cycle involves: assessing asthma control; treating to achieve control; and monitoring to maintain control. In this Component, this cycle is described for long-term treatment of asthma. Treatment for exacerbations is detailed in Component 4.

        
          Assessing asthma control

          Each patient should be assessed to establish his/her current treatment regimen, adherence to the current regimen and level of asthma control. A simplified scheme for recognising controlled, partly controlled and uncontrolled asthma in a given week is provided in table 3⇓. Several composite control measures 44, 47, 268, 269 have been developed and are being validated for use by healthcare providers to assess the state of control of their patients' asthma and by patients for self-assessments 270 as part of a written personal asthma action plan. Uncontrolled asthma may progress to the point of an exacerbation, and immediate steps, described in Component 4, should be taken to regain control.

        

        
          Treating to achieve control

          The patient's current level of asthma control and current treatment determine the selection of pharmacological treatment. For example, if asthma is not controlled by the current treatment regimen, treatment should be stepped up until control is achieved. If control has been maintained for ≥3 months, treatment can be stepped down with the aim of establishing the lowest step and dose of treatment that maintains control (Evidence D; see Monitoring to maintain control, later). If asthma is partly controlled, an increase in treatment should be considered, subject to whether more effective options are available (e.g. increased dose or an additional treatment), safety and cost of possible treatment options, and the patient's satisfaction with the level of control achieved. The scheme presented in figure 1⇓ is based upon these principles, but the range and sequence of medications used in each clinical setting will vary depending on local availability (for cost or other reasons), acceptability and preference.

          
            Treatment steps for achieving control

            Steps 1–5 provide options of increasing efficacy, with the exception of Step 5, where issues of availability and safety influence the selection of treatment. Step 2 is the initial treatment for most treatment-naïve patients with persistent asthma symptoms. If symptoms at the initial consultation suggest that asthma is severely uncontrolled, treatment should be commenced at Step 3.

            At each treatment step, a reliever medication (rapid-onset bronchodilator, either short- or long-acting) should be provided for quick relief of symptoms. However, regular use of reliever medication is one of the elements defining uncontrolled asthma, and indicates that controller treatment should be increased. Therefore, reducing or eliminating the need for reliever treatment is both an important goal and a measure of success of treatment. For Steps 2–5, a variety of controller medications are available.

            Step 1: As-needed reliever medication. Step 1 treatment with an as-needed reliever medication is reserved for untreated patients with occasional daytime symptoms (cough, wheeze, dyspnoea occurring twice or less per week, or less frequently if nocturnal) of short duration (lasting only a few hours) comparable to controlled asthma. Between episodes, the patient is asymptomatic with normal lung function and there is no nocturnal awakening. When symptoms are more frequent and/or worsen periodically, patients require regular controller treatment (see Step 2 or higher) in addition to as-needed reliever medication (Evidence B) 149, 271, 272.

            For the majority of patients in Step 1, a rapid-acting inhaled β2-agonist is the recommended reliever treatment (Evidence A) 273.

            Bronchoconstriction occurring after or during prolonged exercise often indicates that the patient's asthma is not well controlled, and stepping up controller therapy generally results in improvement. For those patients who still experience exercise-induced bronchoconstriction despite otherwise well-controlled asthma, and for those in whom exercise-induced bronchoconstriction is the only manifestation of asthma, a rapid-acting inhaled β2-agonist (short- or long-acting), taken prior to exercise or to relieve symptoms that develop after exercise, is recommended 274. A leukotriene modifier 76, 275 or cromone 276 are alternatives (Evidence A). Training and sufficient warm-up also reduce the incidence and severity of exercise-induced bronchoconstriction (Evidence B) 277, 278.

            Step 2: Reliever medication plus a single controller. Treatment Steps 2–5 combine an as-needed reliever treatment with regular controller treatment. At Step 2, a low-dose inhaled glucocorticosteroid is recommended as the initial controller treatment for asthma patients of all ages (Evidence A; tables 4⇓ and 5⇓) 147, 271. Alternative controller medications include leukotriene modifiers (Evidence A) 73, 74, 80, particularly appropriate for patients who are unable or unwilling to use inhaled glucocorticosteroids or who experience intolerable side-effects, such as persistent hoarseness from inhaled glucocorticosteroid treatment, and possibly those with concomitant allergic rhinitis (Evidence C) 279, 280.

            Other options are available, but not recommended, for routine use as initial or first-line controllers in Step 2. Sustained-release theophylline has only weak anti-inflammatory and controller efficacy (Evidence B) 110–112, 115, 116 and cromones (nedocromil sodium and sodium cromoglycate) have comparatively low efficacy (Evidence A) 281–284.

            Step 3: Reliever medication plus one or two controllers. At Step 3, the recommended option for adolescents and adults is to combine a low dose of inhaled glucocorticosteroid with an inhaled long-acting β2-agonist, either in a combination inhaler device or as separate components (Evidence A) 95–102. Because of the additive effect of this combination, the low dose of glucocorticosteroid is usually sufficient and need only be increased if control is not achieved within 3–4 months with this regimen (Evidence A). The long-acting β2-agonist formoterol, which has a rapid onset of action whether given alone 285–288 or in combination inhaler with budesonide 289, 290, has been shown to be as effective as short-acting β2-agonist in acute asthma exacerbation. However, its use as monotherapy as a reliever medication is strongly discouraged, since it must always be used in association with an inhaled glucocorticosteroid.

            For all children, but particularly for those aged ≤5 yrs, combination therapy has been less well studied, and the addition of a long-acting β2-agonist may not be as effective as increasing the dose of inhaled glucocorticosteroids in reducing exacerbations 182, 291, 292. However, the interpretation of some studies is problematic, as not all children received concurrent inhaled glucocorticosteroids 182, 291.

            If a combination inhaler containing formoterol and budesonide is selected, it may be used for both rescue and maintenance. This approach has been shown to result in reductions in exacerbations and improvements in asthma control in adults and adolescents at relatively low doses of treatment (Evidence A) 293–296. Whether this approach can be employed with other combinations of controller and reliever requires further study.

            Another option for both adults and children, but the one recommended for children 172, is to increase to a medium dose of inhaled glucocorticosteroids (Evidence A) 22, 54, 59, 60. For patients of all ages on medium or high dose of inhaled glucocorticosteroid delivered by a pressurised metered-dose inhaler, use of a spacer device is recommended to improve delivery to the airways, reduce oropharyngeal side-effects and reduce systemic absorption (Evidence A) 62, 297, 298.

            Another option at Step 3 is to combine a low-dose inhaled glucocorticosteroid with leukotriene modifiers (Evidence A) 79, 81–84, 86, 88–90. Alternatively, the use of sustained-release theophylline given at a low dose may be considered (Evidence B) 115. These options have not been fully studied in children aged ≤5 yrs.

            Step 4: Reliever medication plus two or more controllers. The selection of treatment at Step 4 depends on prior selections at Steps 2 and 3. However, the order in which additional medications should be added is based, as far as possible, upon evidence of their relative efficacy in clinical trials. Where possible, patients who are not controlled on Step 3 treatments should be referred to a health professional with expertise in the management of asthma for investigation of alternative diagnoses and/or causes of difficult-to-treat asthma.

            The preferred treatment at Step 4 is to combine a medium or high dose of inhaled glucocorticosteroid with a long-acting inhaled β2-agonist. However, in most patients, the increase from a medium to a high dose of inhaled glucocorticosteroid provides relatively little additional benefit (Evidence A) 22, 54, 59, 60, 299 and the high dose is recommended only on a trial basis for 3–6 months when control cannot be achieved with medium-dose inhaled glucocorticosteroid combined with a long-acting β2-agonist and/or a third controller (e.g. leukotriene modifiers or sustained-release theophylline; Evidence B) 85, 116, 300. At medium and high doses, twice-daily dosing is necessary for most but not all inhaled glucocorticosteroids (Evidence A) 301. With budesonide, efficacy may be improved with more frequent dosing (four times daily; Evidence B) 302.

            Leukotriene modifiers as add-on treatment to medium–high-dose inhaled glucocorticosteroids provides benefit in some patients (Evidence A), but usually less than that achieved with the addition of a long-acting β2-agonist (Evidence A) 81–85, 303. The addition of a low dose of sustained-release theophylline 116 to medium- or high-dose inhaled glucocorticosteroid and long-acting β2-agonist may also provide benefit (Evidence B) 115.

            Step 5: Reliever medication plus additional controller options. Addition of oral glucocorticosteroids to other controller medications may be effective (Evidence D) 304 but is associated with severe side-effects (Evidence A) 305 and should only be considered if the patient's asthma remains severely uncontrolled on Step 4 medications with daily limitation of activities and frequent exacerbations. Patients should be counselled about potential side-effects and all other alternative treatments must be considered.

            Addition of anti-IgE treatment to other controller medications has been shown to improve control of allergic asthma when control has not been achieved on combinations of other controllers, including high doses of inhaled or oral glucocorticosteroids (Evidence A) 118–123.

          

        

        
          Monitoring to maintain control

          When asthma control has been achieved, ongoing monitoring is essential to maintain control and to establish the lowest step and dose of treatment necessary, which minimises the cost and maximises the safety of treatment. Conversely, asthma is a variable disease and treatment has to be adjusted periodically in response to loss of control, as indicated by worsening symptoms or the onset of an exacerbation. Asthma control should be monitored by the healthcare professional and preferably also by the patient at regular intervals. The frequency of healthcare visits and assessments depends upon the patient's initial clinical severity and the patient's training and confidence in playing a role in the ongoing control of his/her asthma. Typically, patients are seen 1–3 months after the initial visit and every 3 months thereafter. After an exacerbation, follow-up should be offered within 2 weeks to 1 month (Evidence D).

          
            Duration and adjustments to treatment

            For most classes of controller medications, improvement begins within days of initiating treatment, but the full benefit may only be evident after 3–4 months 22, 306. In severe and chronically undertreated disease, this can take even longer 307.

            The reduced need for medication once control is achieved is not fully understood but may reflect the reversal of some of the consequences of long-term inflammation of the airways. Higher doses of anti-inflammatory medication may be required to achieve this benefit than to maintain it. Alternatively, the reduced need for medication might simply represent spontaneous improvement as part of the cyclical natural history of asthma. Rarely, asthma may go into remission, particularly in children aged ≤5 yrs and during puberty. Whatever the explanation, the minimum controlling dose of treatment must be sought through a process of regular follow-up and staged dose reductions in all patients.

            At other times, treatment may need to be increased either in response to loss of control or threat of loss of control (return of symptoms) or an acute exacerbation, which is defined as a more acute and severe loss of control that requires urgent treatment (an approach to exacerbations is provided in Component 4).

          

          
            Stepping down treatment when asthma is controlled

            There is little experimental data on the optimal timing, sequence, and magnitude of treatment reductions in asthma, and the approach will differ from patient to patient depending on the combination of medications and doses that were needed to achieve control. These changes should ideally be made by agreement between patient and healthcare professional, with full discussion of potential consequences, including reappearance of symptoms and increased risk of exacerbations.

            Although further research on stepping down asthma treatment is needed, some recommendations can be made based on the current evidence.

            1) When inhaled glucocorticosteroids alone are being used in medium-to-high doses, a 50% reduction in dose should be attempted at 3-month intervals (Evidence B) 151, 308, 309.

            2) Where control is achieved at a low dose of inhaled glucocorticosteroids alone, in most patients treatment may be switched to once-daily dosing (Evidence A) 310, 311.

            3) When asthma is controlled with a combination of inhaled glucocorticosteroid and long-acting β2-agonist, the preferred approach to is to begin by reducing the dose of inhaled glucocorticosteroid by ∼50% while continuing the long-acting β2-agonist (Evidence B) 290. If control is maintained, further reductions in the glucocorticosteroid dose should be attempted until a low dose is reached, when the long-acting β2-agonist may be stopped (Evidence D). An alternative is to switch the combination treatment to once-daily dosing 312. A second alternative is to discontinue the long-acting β2-agonist at an earlier stage and substitute the combination treatment with inhaled glucocorticosteroid monotherapy at the same dose contained in the combination inhaler. However, for some patients these alternative approaches lead to loss of asthma control (Evidence B) 96, 290.

            4) When asthma is controlled with inhaled glucocorticosteroids in combination with controllers other than long-acting β2-agonists, the dose of inhaled glucocorticosteroid should be reduced by 50% until a low dose of inhaled glucocorticosteroid is reached, then the combination treatment stopped as described previously (Evidence D).

            5) Controller treatment may be stopped if the patient's asthma remains controlled on the lowest dose of controller and no recurrence of symptoms occurs for 1 yr (Evidence D).

          

          
            Stepping up treatment in response to loss of control

            Treatment has to be adjusted periodically in response to worsening control, which may be recognised by the minor recurrence or worsening of symptoms 313. Treatment options are as follows.

            1) Rapid-onset, short-acting or long-acting β2-agonist bronchodilators. Repeated dosing with bronchodilators in this class provides temporary relief until the cause of the worsening symptoms passes. The need for repeated doses over more than 1–2 days signals the need for review and possible increase of controller therapy.

            2) Inhaled glucocorticosteroids. Temporarily doubling the dose of inhaled glucocorticosteroids has not been demonstrated to be effective and is no longer recommended (Evidence A) 312, 314. A four-fold or greater increase has been demonstrated to be equivalent to a short course of oral glucocorticosteroids in adult patients with an acute deterioration (Evidence A) 313. The higher dose should be maintained for 7–14 days but more research is needed in both adults and children to standardise the approach.

            3) Combination of inhaled glucocorticosteroids and a rapid and long-acting β2-agonist bronchodilator (e.g. formoterol) for combined relief and control. The use of the combination of a rapid and long-acting β2-agonist and an inhaled glucocorticosteroid in a single inhaler both as a controller and reliever is effective in maintaining a high level of asthma control and reduces exacerbations requiring systemic glucocorticosteroids and hospitalisation 271, 294, 296, 315. The benefit in preventing exacerbations appears to be the consequence of intervention at a very early stage of a threatened exacerbation, since studies involving doubling or quadrupling doses of combination treatment once deterioration is established (for ≥2 days) show some benefit but results are inconsistent 313. Combination therapy with budesonide and formoterol used both as maintenance and rescue has been shown to reduce asthma exacerbations in children aged ≥4 yrs with moderate-to-severe asthma 316.

            4) The usual treatment for an acute exacerbation is a high dose of β2-agonist and a burst of systemic glucocorticosteroids administered orally or intravenously (refer to Component 4 for more information).

            Following treatment for an exacerbation of asthma, maintenance treatment can generally be resumed at previous levels, unless the exacerbation was associated with a gradual loss of control, suggesting chronic undertreatment. In this case, provided inhaler technique has been checked, a stepwise increase in treatment (either in dose or number of controllers) is indicated.

          

          
            Difficult-to-treat asthma

            Although the majority of asthma patients can obtain the targeted level of control (fig. 1⇓), some patients will not do so, even with the best therapy 22. Patients who do not reach an acceptable level of control at Step 4 (reliever medication plus two or more controllers) can be considered to have difficult-to-treat asthma 317. These patients may have an element of poor glucocorticosteroid responsiveness and require higher doses of inhaled glucocorticosteroids than are routinely used in patients whose asthma is easy to control. However, there is currently no evidence to support continuing these high doses of inhaled glucocorticosteroids beyond 6 months in the hope of achieving better control. Instead, dose optimisation should be pursued by stepping down to a dose that maintains the maximal level of control achieved on the higher dose.

            Because very few patients are completely resistant to glucocorticosteroids, these medications remain a mainstay of therapy for difficult-to-treat asthma, while additional diagnostic and generalised therapeutic options can, and should, also be considered: confirm the diagnosis of asthma; investigate and confirm compliance with treatment; consider smoking, current or past, and encourage complete cessation; and investigate the presence of comorbidities that may aggravate asthma.

            When these reasons for lack of treatment response have been considered and addressed, a compromise level of control may need to be accepted and discussed with the patient to avoid futile overtreatment (with its attendant cost and potential for adverse effects). The objective is then to minimise exacerbations and need for emergency medical interventions, while achieving as high a level of clinical control with as little disruption to activities and as few daily symptoms as possible. For these difficult-to-treat patients, frequent use of rescue medication is accepted, as is a degree of chronic lung function impairment.

            Although lower levels of control are generally associated with an increased risk of exacerbations, not all patients with chronically impaired lung function, reduced activity levels, and daily symptoms have frequent exacerbations. In such patients, the lowest level of treatment that retains the benefits achieved at the higher doses of treatment should be employed. Reductions should be made cautiously and slowly, at intervals not more frequent than 3–6 months, as carryover of the effects of the higher dose may last for several months and make it difficult to assess the impact of the dose reduction (Evidence D). Referral to a physician with an interest in and/or special focus on asthma may be helpful and patients may benefit from phenotyping into categories such as allergic, aspirin-sensitive and/or eosinophilic asthma 318. Patients categorised as allergic might benefit from anti-IgE therapy 118, and leukotriene modifiers can be helpful for patients determined to be aspirin sensitive (who are often eosinophilic as well) 79.

          

        

      

      
        Component 4: managing asthma exacerbations

        Exacerbations of asthma are episodes of progressive increase in shortness of breath, cough, wheezing or chest tightness, or some combination of these symptoms. Respiratory distress is common. The limitation of airflow observed during exacerbations (measured as PEF or FEV1) 319 is a more reliable indicator of the severity of the exacerbation than the degree of symptoms. However, symptoms are often sensitive indicators of the onset of an exacerbation because they usually precede the deterioration in peak flow rate 320. Still, a minority of patients, and particularly males, perceive airflow limitation poorly and are at increased risk of near-fatal attacks of asthma.

        Provision of assistance for patients experiencing exacerbations is essential in order to reduce morbidity and mortality. The organisation of such services will vary in different healthcare systems, but certain basic minimum requirements and treatment must be available 321, 322: accessibility both during the day and at night, close objective monitoring (both clinical and using PEF), repetitive administration of rapid-acting inhaled bronchodilators, early introduction of systemic glucocorticosteroids and oxygen supplementation 319. The aims of treatment are to relieve airflow obstruction and hypoxaemia as quickly as possible, and to plan the prevention of future relapses.

        Patients at high risk of asthma-related death require closer attention and should be encouraged to seek urgent care early in the course of their exacerbations. These patients include those who: 1) have a history of near-fatal asthma requiring intubation and mechanical ventilation 323; 2) have had a hospitalisation or emergency care visit for asthma in the previous year; 3) are currently using or have recently stopped using oral glucocorticosteroids; 4) are not currently using inhaled glucocorticosteroids 324; 5) are overdependent on rapid-acting inhaled β2-agonists, especially those who use more than one canister of salbutamol (or equivalent) monthly 325; 6) have a history of psychiatric disease or psychosocial problems 326, including the use of sedatives 327; and 7) have a history of noncompliance with an asthma medication plan.

        Response to treatment may take time and patients should be closely monitored using clinical as well as objective measurements. The increased treatment should continue until measurements of lung function return to their previous best (ideally) or plateau, at which time a decision to admit or discharge can be made based upon these values. Patients who can be safely discharged will have responded within the first 2 h, at which time decisions regarding patient disposition can be made.

        The severity of the exacerbation determines the treatment administered. Indices of severity, particularly PEF (in patients aged >5 yrs) 306, pulse rate, respiratory rate and pulse oximetry 328 should be monitored during treatment.

        
          Management: community setting

          Most patients with severe asthma exacerbations should be treated in an acute care facility. Milder exacerbations, defined by a reduction in peak flow <20%, nocturnal awakening and increased use of short-acting β2-agonists can usually be treated in a community setting. If the patient responds to the increase in inhaled bronchodilator treatment after the first few doses, referral to an acute care facility is not required but further management under the direction of a primary care physician may include the use of systemic glucocorticosteroids. Patient education and review of maintenance therapy should also be undertaken. 

          
            Treatment

            Patients can be treated with multiple doses of short-acting bronchodilators delivered via an MDI, ideally with a spacer. This produces at least an equivalent improvement in lung function as the same dose delivered via nebuliser 297, 298. At the clinic level, this route of delivery is the most cost effective 329, provided patients are able to use an MDI. No additional medication is necessary if the rapid-acting inhaled β2-agonist produces a complete response (PEF returns to >80% predicted or personal best) and the response lasts 3–4 h.

            Glucocorticosteroids. Oral glucocorticosteroids (0.5–1 mg·kg−1 of prednisolone or equivalent during a 24-h period) should be used to treat exacerbations, especially if they develop after instituting the other short-term treatment options recommended for loss of control (see Stepping up treatment in response to loss of control in Component 3). If patients fail to respond to bronchodilator therapy, as indicated by persistent airflow obstruction, prompt transfer to an acute care setting is recommended, especially if they are in a high-risk group.

          

        

        
          Management: acute care setting

          Severe exacerbations of asthma are life-threatening medical emergencies, treatment of which is often most safely undertaken in an emergency department. Figure 2⇓ illustrates the approach to acute care-based management of exacerbations.

          
            Assessment

            A brief history and physical examination pertinent to the exacerbation should be conducted concurrently with the prompt initiation of therapy. The history should include: severity and duration of symptoms, including exercise limitation and sleep disturbance; all current medications, including dose (and device) prescribed, dose usually taken, dose taken in response to the deterioration, and the patient's response (or lack thereof) to this therapy; time of onset and cause of the present exacerbation; and risk factors for asthma-related death.

            The physical examination should assess exacerbation severity by evaluating the patient's ability to complete a sentence, pulse rate, respiratory rate, use of accessory muscles and other signs detailed in figure 2⇓. Any complicating factors should be identified (e.g. pneumonia, atelectasis, pneumothorax or pneumomediastinum).

            Functional assessments such as PEF or FEV1 and arterial oxygen saturation measurements are strongly recommended, as physical examination alone may not fully indicate the severity of the exacerbation, particularly the degree of hypoxaemia 330, 331. Without unduly delaying treatment, a baseline PEF or FEV1 measurement should be made before treatment is initiated. Subsequent measurements should be made at intervals until a clear response to treatment has occurred.

            Oxygen saturation should be closely monitored, preferably by pulse oximetry. This is especially useful in children because objective measurements of lung function may be difficult. Oxygen saturation in children should normally be >95%, and oxygen saturation <92% is a good predictor of the need for hospitalisation (Evidence C) 328. Arterial blood gas measurements are advised for patients with a PEF of 30–50% pred, those who do not respond to initial treatment, or when there is concern regarding deterioration 332. The patient should continue on supplemental oxygen while the measurement is made. An arterial oxygen tension <60 mmHg (8 kPa) and a normal or increased arterial carbon dioxide tension (especially >45 mmHg; 6 kPa) indicates the presence of respiratory failure.

            A chest radiograph is not routinely required in either children or adults, unless alternative pathology is suspected on clinical grounds 332, 333.

          

          
            Treatment

            The following treatments are usually administered concurrently 334.

            Oxygen. To achieve arterial oxygen saturation of ≥90% (≥95% in children), oxygen should be administered by nasal cannulae, by mask or, rarely, by head box in some infants. Arterial carbon dioxide tension may worsen in some patients on 100% oxygen, especially those with more severe airflow obstruction 335. Oxygen therapy should be titrated against pulse oximetry to maintain satisfactory oxygen saturation 336.

            Rapid-acting inhaled β2-agonists. Rapid-acting inhaled β2-agonists should be administered at regular intervals (Evidence A) 337–339. Although most rapid-acting β2-agonists have a short duration of effect, the long-acting bronchodilator formoterol, which has both a rapid onset of action and a long duration of effect, has been shown to be equally effective without increasing side-effects, though it is considerably more expensive 285. Studies of intermittent versus continuous nebulised short-acting β2-agonists in acute asthma provide conflicting results 340, 341. Therefore, a reasonable approach to inhaled therapy in exacerbations would be the initial use of continuous therapy, followed by intermittent on-demand therapy for hospitalised patients. There is no evidence to support the routine use of intravenous β2-agonists in patients with severe asthma exacerbations 342.

            Epinephrine. A subcutaneous or intramuscular injection of epinephrine may be indicated for acute treatment of anaphylaxis and angioedema, but is not routinely indicated during asthma exacerbations.

            Additional bronchodilators. A combination of nebulised β2-agonist with an anticholinergic (ipratropium bromide) may produce better bronchodilation than either drug alone (Evidence B) 343 and should be administered before methylxanthines are considered. Combination β2-agonist plus anticholinergic therapy is associated with lower hospitalisation rates (Evidence A) 329, 344, 345 and greater improvement in PEF and FEV1 (Evidence B) 345. Similar data have been reported in the paediatric literature (Evidence A) 329. However, once hospitalised, the addition of nebulised ipratropium bromide to nebulised β2-agonist and systemic glucocorticosteroids appears to confer no extra benefit 346.

            In view of the effectiveness and relative safety of rapid-acting β2-agonists, theophylline has a minimal role in the management of acute asthma 347. Benefit as add-on treatment has been shown in children with near-fatal asthma but not in adults 348.

            Systemic glucocorticosteroids. Systemic glucocorticosteroids speed resolution of exacerbations and should be utilised in the all but the mildest exacerbations (Evidence A) 349, 350, especially if the initial rapid-acting inhaled β2-agonist therapy fails to achieve lasting improvement; the exacerbation develops even though the patient was already taking oral glucocorticosteroids; and previous exacerbations required oral glucocorticosteroids.

            Oral glucocorticosteroids are usually as effective as those administered intravenously and are preferred because this route of delivery is less invasive and less expensive 351, 352. In patients discharged from the emergency department, intramuscular administration may be helpful 353, especially if there are concerns about compliance with oral therapy. Oral glucocorticosteroids require ≥4 h to produce clinical improvement. Daily doses of systemic glucocorticosteroids equivalent to 60–80 mg methylprednisolone as a single dose, or 300–400 mg hydrocortisone in divided doses, are adequate for hospitalised patients, and 40 mg methylprednisolone or 200 mg hydrocortisone is probably adequate in most cases (Evidence B) 349, 354. An oral glucocorticosteroid dose of 1 mg·kg−1 daily is adequate for treatment of exacerbations in children with mild persistent asthma 355. A 7-day course in adults has been found to be as effective as a 14-day course 356, and a course of duration 3–5 days is usually considered appropriate in children (Evidence B). Current evidence suggests that there is no benefit in tapering the dose of oral glucocorticosteroids, either in the short term 357 or over several weeks (Evidence B) 358.

            Inhaled glucocorticosteroids. Inhaled glucocorticosteroids are effective as part of therapy for asthma exacerbations. In one study, the combination of high-dose inhaled glucocorticosteroids and salbutamol in acute asthma provided greater bronchodilation than salbutamol alone (Evidence B) 359, and conferred greater benefit than the addition of systemic glucocorticosteroids across all parameters, including hospitalisations, especially for patients with more severe attacks 360.

            Inhaled glucocorticosteroids can be as effective as oral glucocorticosteroids at preventing relapses 361, 362. Patients discharged from the emergency department on prednisone and inhaled budesonide have a lower rate of relapse than those on prednisone alone (Evidence B) 350. A high dose of inhaled glucocorticosteroid (2.4 mg budesonide daily in four divided doses) achieves a relapse rate similar to 40 mg oral prednisone daily (Evidence A) 363. Cost is a significant factor in the use of such high doses of inhaled glucocorticosteroids and further studies are required to document their potential benefits, especially cost effectiveness, in acute asthma 364.

            Magnesium. Intravenous magnesium sulfate (usually given as a single 2-g infusion over 20 min) reduces hospital admission rates in adults and older children with severe bronchospasm who fail to improve promptly to bronchodilators (Evidence A) 365, 366. Nebulised salbutamol administered in isotonic magnesium sulfate provides greater benefit than if it is delivered in normal saline (Evidence A) 367, 368.

            Helium oxygen therapy. A systematic survey of studies of a combination of helium and oxygen, compared with helium alone, suggests there is no consistent benefit. It might be considered for patients who do not respond to standard therapy 369.

            Sedatives. Sedation should be strictly avoided during exacerbations of asthma because of the respiratory depressant effect of anxiolytic and hypnotic drugs 327, 370.

          

          
            Criteria for discharge from the emergency department versus hospitalisation

            Criteria for determining whether a patient should be discharged from the emergency department or admitted to the hospital have been succinctly reviewed and stratified based on consensus 371. Patients with a pre-treatment FEV1 or PEF <25% pred or personal best, or those with a post-treatment FEV1 or PEF <40% pred or personal best, usually require hospitalisation. Patients with post-treatment lung function of 40–60% pred may be discharged, provided that adequate follow-up is available in the community and compliance is assured. Patients with post-treatment lung function ≥60 % pred can be discharged.

            Management of acute asthma in the intensive care unit is beyond the scope of the present document and readers are referred to recent comprehensive reviews 372.

            The following points refer to patients discharged from the emergency department. 1) At a minimum, a 7-day course of oral glucocorticosteroids for adults and a shorter course (3–5 days) for children should be prescribed, along with continuation of bronchodilator therapy. 2) The bronchodilator can be used on an as-needed basis, based on both symptomatic and objective improvement, until the patient returns to his or her pre-exacerbation use of rapid-acting inhaled β2-agonists. 3) Ipratropium bromide is unlikely to provide additional benefit beyond the acute phase and may be quickly discontinued. 4) Patients should initiate or continue inhaled glucocorticosteroids. 5) The patient's inhaler technique and use of peak flow meter to monitor therapy at home should be reviewed. Patients discharged from the emergency department with a peak flow meter and action plan have a better response than patients discharged without these resources 199. 6) The factors that precipitated the exacerbation should be identified and strategies for their future avoidance implemented. 7) The patient's response to the exacerbation should be evaluated. The action plan should be reviewed and written guidance provided. 8) Use of controller therapy during the exacerbation should be reviewed: whether this therapy was increased promptly, by how much and, if appropriate, why oral glucocorticosteroids were not added. Consideration should be given to providing a short course of oral glucocorticosteroids to be on hand for subsequent exacerbations. 9) The patient or family should be instructed to contact the primary healthcare professional or asthma specialist within 24 h of discharge. A follow-up appointment with the patient's usual primary care professional or asthma specialist should be made within a few days of discharge to assure that treatment is continued until baseline control parameters, including personal best lung function, are reached. Prospective data indicate that patients discharged from the emergency department for follow-up with specialist care do better than patients returned to routine care 373.

            An exacerbation severe enough to require hospitalisation may reflect a failure of the patient's self-management plan. Healthcare providers should take the opportunity to review patient understanding of the causes of asthma exacerbations, avoidance of factors that may cause exacerbations (including, where relevant, smoking cessation), the purposes and correct uses of treatment, and the actions to be taken to respond to worsening symptoms or peak flow values (Evidence A) 374.

            Referral to an asthma specialist and or to an asthma education programme should be considered for hospitalised patients, as well as those who are discharged from the emergency department. Following discharge from continuous supervision, the patient should be reviewed by the family healthcare professional or asthma specialist regularly over the subsequent weeks until personal best lung function is reached.

          

        

      

      
        Component 5: special considerations

        Special considerations apply in managing asthma in relation to pregnancy; surgery; rhinitis, sinusitis, and nasal polyps; occupational asthma; respiratory infections; gastroesophageal reflux; aspirin-induced asthma (AIA); and anaphylaxis.

        
          Pregnancy

          During pregnancy, the control of asthma may change and patients require close follow-up. Although concern about the use of medications in pregnancy is legitimate, the impact of poorly controlled asthma is probably more significant as a cause of fetal viability, perinatal mortality, prematurity and low birth weight 375, 376. However, if managed well, the perinatal prognosis for children born to females with asthma is comparable to that for children born to females without asthma 377. For this reason, using medications to obtain optimal control of asthma is justified even when their safety in pregnancy has not been unequivocally proven, and the goals of asthma treatment are the same as for non-pregnant females. Acute exacerbations should be treated aggressively in order to avoid fetal hypoxia. For most medications used to treat asthma there is little evidence to suggest an increased risk to the fetus 378. A good patient–healthcare professional relationship, along with independent printed material, such as the statement from the National Asthma Education and Prevention Program (USA) on the treatment of asthma during pregnancy 379, will provide important additional reassurance 380, 381.

        

        
          Surgery

          Airway hyperresponsiveness, airflow limitation and mucus hypersecretion predispose patients with asthma to intraoperative and post-operative respiratory complications. The likelihood of these complications depends on the severity of asthma at the time of surgery, the type of surgery (thoracic and upper abdominal surgeries pose the greatest risks) and type of anaesthesia (general anaesthesia with endotracheal intubation carries the greatest risk). These variables need to be assessed prior to surgery and pulmonary function should be measured. If possible, this evaluation should be undertaken several days before surgery to allow time for additional treatment. In particular, if the patient's FEV1 is <80% of their personal best, a brief course of oral glucocorticosteroids should be considered to reduce airflow limitation (Evidence C) 382, 383. Furthermore, patients who have received systemic glucocorticosteroids within the previous 6 months should have systemic coverage during the surgical period (100 mg hydrocortisone every 8 h intravenously). This should be rapidly reduced 24 h following surgery, as prolonged systemic glucocorticosteroid therapy may inhibit wound healing (Evidence C) 384.

        

        
          Rhinitis, sinusitis and nasal polyps

          Upper airway diseases can influence lower airway function in some patients with asthma. Although the mechanisms behind this relationship have not been established, inflammation probably plays a similarly critical role in the pathogenesis of rhinitis, sinusitis and nasal polyps, as in asthma. The Allergic Rhinitis and its Impact on Asthma (ARIA) initiative recommends that the presence of asthma must be considered in all patients with rhinitis, and that in planning treatment both should be considered together 385, 386.

        

        
          Occupational asthma

          Once a diagnosis of occupational asthma is established, complete avoidance of the relevant exposure is ideally an important component of management 387–389. Occupational asthma may persist even several years after removal from exposure to the causative agent, especially when the patient has had symptoms for a long time before cessation of exposure 390, 391. Continued exposure may lead to increasingly severe and potentially fatal asthma exacerbations 392, a lower probability of subsequent remission and, ultimately, permanently impaired lung function 393. Pharmacological therapy for occupational asthma is identical to therapy for other forms of asthma, but it is not a substitute for adequate avoidance. The British Occupational Health Research Foundation Guidelines for the prevention, identification and management of occupational asthma are available 394.

        

        
          Respiratory infections

          Respiratory infections have an important relationship to asthma as they provoke wheezing and increased symptoms in many patients 395. Epidemiological studies have found that infectious microorganisms associated with increased asthma symptoms are often respiratory viruses 396 but seldom bacteria 397. Respiratory syncytial virus is the most common cause of wheezing in infancy 239, while rhinoviruses (which cause the common cold) are the principal triggers of wheezing and worsening of asthma in older children and adults 398. Other respiratory viruses, such as parainfluenza, influenza, adenovirus and coronavirus, are also associated with increased wheezing and asthma symptoms 399. Treatment of an infectious exacerbation follows the same principles as treatment of other asthma exacerbations. Because increased asthma symptoms can often persist for weeks after the infection is cleared, anti-inflammatory treatment should be continued for this full period to ensure adequate control.

        

        
          Gastro-oesophageal reflux

          The relationship of increased asthma symptoms, particularly at night, to gastroesophageal reflux remains uncertain, although this condition is nearly three times as prevalent in patients with asthma compared with the general population 400, 401. Some of these patients also have a hiatal hernia; furthermore, theophylline and oral β2-agonists may increase the likelihood of symptoms by relaxing the lower oesophageal ring. Treatment with anti-acid therapies (H2 antagonists or proton pump inhibitors) does not improve asthma control.

        

        
          Aspirin-induced asthma

          A small minority of adults with asthma, but rarely children with asthma, suffer from asthma exacerbations in response to aspirin and other nonsteroidal anti-inflammatory drugs (NSAIDs). This syndrome is more common in severe asthma 402. Once aspirin or NSAID hypersensitivity develops, it is present for life. Patients with AIA should avoid aspirin, products containing it, other analgesics that inhibit cyclooxygenase (COX)-1, and often also hydrocortisone hemisuccinate 403. Glucocorticosteroids continue to be the mainstay of asthma therapy but leukotriene modifiers may also be useful for additional control of the underlying disease (Evidence B) 402, 404. COX-2 inhibitors do not provoke AIA and may be indicated as analgesic or anti-inflammatory treatments if there are no cardiovascular contraindications.

        

      

    

      IMPLEMENTATION OF ASTHMA GUIDELINES IN HEALTH SYSTEMS

      
        Introduction

        Guidelines are designed to ensure that all members of a patient's healthcare team are aware of the goals of treatment and of the different ways of achieving these goals. They help set standards of clinical care, may serve as a basis for audit and payment, and act as a starting point for the education of health professionals and patients. However, in order to effect changes in medical practice and consequent improvements in patient outcomes, evidence-based guidelines must be implemented and disseminated at national and local levels. Dissemination involves educating clinicians to improve their awareness, knowledge and understanding of guideline recommendations. It is one part of implementation, which involves the translation of evidence-based asthma guidelines into real-life practice with improvement of health outcomes for the patient. Implementation remains a difficult problem worldwide. Barriers to implementation range from poor infrastructure, which hampers delivery of medicines to remote parts of a country, to cultural factors that make patients reluctant to use recommended medications (e.g. inhaled preparations) and lack of physician use of guidelines. An important barrier to the successful translation of asthma guidelines into clinical practice is access to available and affordable medication, especially for patients in less developed economies where the cost of treatment is high in comparison to income and assets.

      

      
        Guideline implementation strategies

        Implementation of asthma guidelines should begin with the setting of goals and development of strategies for asthma care through collaboration among diverse professional groups including both primary and secondary healthcare professionals, public health officials, patients, asthma advocacy groups and the general public. Goals and implementation strategies will vary from country to country, and within countries, for reasons of economics, culture and environment.

        The next step is adaptation of guidelines on asthma management for local use by teams of local primary and secondary care health professionals. Many low- and middle-income countries do not consider asthma a high-priority health concern because other, more common, respiratory diseases, such as tuberculosis and pneumonia, are of greater public health importance 405. Therefore, practical asthma guidelines for implementation in low-income countries should have a simple algorithm for separating noninfectious from infectious respiratory illnesses; simple objective measurements for diagnosis and management such as peak flow variability 406; available, affordable and low-risk medications recommended for asthma control; a simple regime for recognising severe asthma; and simple diagnosis and management approaches relevant to the facilities and limited resources available. Next, adapted guidelines must be widely disseminated in multiple venues and using multiple formats.

        Cost is recognised as an important barrier to the delivery of optimal evidence-based healthcare in almost every country, although its impact on patients' access to treatments varies widely both between and within countries. At the country or local level, health authorities make resource availability and allocation decisions affecting populations of asthma patients by considering the balance and trade-offs between costs and clinical outcomes (benefits and harms), often in relation to competing public health and medical needs. Treatment costs must also be explicitly considered at each consultation between healthcare provider and patient to assure that cost does not present a barrier to achieving asthma control. Therefore, those involved in the adaptation and implementation of asthma guidelines require an understanding of the cost and cost effectiveness of various management recommendations in asthma care.

        Public health strategies involving a broad coalition of stakeholders in asthma care, including medical societies, healthcare professionals, patient support groups, government and the private sector, have been implemented in Australia (Australian National Asthma Campaign) 407, Finland 408, and the USA (National Asthma Education and Prevention Program) 229.

      

      
        GINA dissemination and implementation resources

        Educational materials based on this Global Strategy for Asthma Management and Prevention are available in several forms, including a pocket guide for healthcare professionals and one for patients and families. These are available on the GINA website 3. GINA is a partner organisation of the Global Alliance Against Chronic Respiratory Diseases (GARD): a World Health Organization initiative 409.
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Fig. 1— Management approach based on control for children >5 yrs of age, adolescents and adults. Alternative reliever treatments include inhaled anticholinergics, short-acting oral β2-agonists, some long-acting β2-agonists and short-acting theophylline. Regular dosing with short- and long-acting β2-agonist is not advised unless accompanied by regular use of an inhaled glucocorticosteroid (ICS). The available literature on treatment of asthma in children aged ≤5 yrs precludes treatment recommendations. The best-documented treatment to control asthma in this age group is ICS and, at step 2, a low-dose ICS is recommended as the initial controller treatment. Equivalent doses of ICSs, some of which may be given as a single daily dose, are provided in table 5⇓. ░: preferred controller options. #: receptor antagonist or synthesis inhibitors.
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Fig. 2— Management of asthma exacerbations in the acute care setting. PEF: peak expiratory flow; FEV1: forced expiratory volume in one second; PCO2: carbon dioxide tension; PO2: oxygen tension. 1 mmHg = 0.133 kPa.
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Table 1— Description of levels of evidence
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Table 2— Classification of asthma severity by clinical features before treatment
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Table 3— Levels of asthma control
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Table 4— Estimated equipotent daily doses of inhaled glucocorticosteroids for adults#
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Table 5— Estimated equipotent daily doses of inhaled glucocorticosteroids for children#
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Table 6— Summary of glucocorticosteroids and growth in children
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Table 7— Summary of bones and glucocorticosteroids in children
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