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Asthma is a global problem affecting millions of people all over the world. Monitoring of asthma both in children and in adulthood is an indispensable tool for the optimal disease management and for the maintenance of clinical stability. To date, several resources are available to assess the asthma control, first is the monitoring of symptoms, both through periodic follow-up visits and through specific quality of life measures addressed to the patient in first person or to parents. Clinical monitoring is not always sufficient to predict the risk of future exacerbations, which is why further instrumental examinations are available including lung function tests, the assessment of bronchial hyper-reactivity and bronchial inflammation. All these tools may help in quantifying the future risk for each patient and therefore they potentially may change the natural history of asthmatic disease. The monitoring of asthma in children as in adults is certainly linked by many aspects, however the asthmatic child is a future asthmatic adult and it is precisely during childhood and adolescence that we should implement all the efforts and strategies to prevent the progression of the disease and the subsequent impairment of lung function. For these reasons, asthma monitoring plays a crucial role and must be particularly close and careful. In this paper, we evaluate several tools currently available for asthma monitoring, focusing on current recommendations emerging from various guidelines and especially on the differences between the monitoring in pediatric age and adulthood.

Keywords: asthma, guidelines, asthma monitoring, lung function tests, children, adults

INTRODUCTION

Asthma is one of the most widespread diseases in the world and affects about 300 million patients (1). Despite the high prevalence of asthma in industrialized countries, overall asthma control is still not completely satisfactory. In Europe, only 15% of patients under steroid treatment achieve adequate disease control (2, 3). These findings highlight the importance of optimizing the asthma management in order to improve disease control. Asthma monitoring is an essential step of disease management, which cannot disregard the understanding of the asthma pathogenesis. The main goals of an effective management is the achievement of an optimal control and the prevention of serious exacerbations and impairment of lung function. Achieving control is ensured by monitoring.

The tools for monitoring asthma include the assessment of frequency and severity of symptoms (patient/parents reported or through specific scores) and the use of objective measurements such as spirometry, airway hyper-responsiveness and inflammatory markers.

During the pediatric age, the asthma monitoring must take into account that children are “growing subjects” with the need for continuous treatment adjustments related to the different stages of development not only physical but also psycho-relational. Moreover, healthcare providers do not face a patient but a family unit that must take care of the problem, with all the implications related to school and sports activities.

All guidelines recommend periodic follow-up visits, the interval between visits depends on initial assessment and treatment. Despite the availability of several asthma guidelines, detailed recommendations on asthma monitoring in children and young people (aged 5–16) are poorly defined.

The 2007 American National Asthma Education and Prevention Program (NAEPP) guidelines focuses their attention on the concepts of “impairment and risk” to determine the levels of asthma control and severity, assessed through symptom frequency and measures of lung function among children 5–11 years of age (4). NAEPP guidelines introduced a categorization of asthmatic patients defining them as having “persistent asthma” if they have experienced two or more exacerbations treated with oral corticosteroids (OCS) in the previous 6 months, with a consequent increased future risk. More recently, GINA guidelines state that a previous severe exacerbation in the last 12 months, a history of access into an intensive care or intubation are major independent risk factors for exacerbations (4, 5).

Others factors that increase the future risk in children and adults include the following: socioeconomic or psychological problems, comorbidities such as obesity, chronic rhino-sinusitis, food allergy, exposure to smoke or allergens, low FEV1, higher bronchodilator reversibility, high SABA use, inadequate treatment, sputum or blood eosinophilia and elevated FeNO (5).

The latter two performed before and after the preventive therapy are useful in the assessment of response to medical treatments.

Therefore, the need to quantify the “future risk” for each patient, led the scientific community to search for specific indicators of future exacerbations, such as biomarkers, individual characteristics and genetic factors. These indicators could play a crucial role in asthma monitoring, although some methods are not yet standardized or used in clinical practice.

Scottish Intercollegiate Guidelines Network (SIGN) recommends the monitoring of asthma in children mainly through the assessment of symptoms, number of exacerbations, school absences, evaluation of therapy adherence and inhaler technique, measurement of height, and weight at least annually (6).

A close monitoring of asthma should include also an early detection of the impairment in lung function as well as the presence of bronchial hyper-responsiveness and bronchial inflammation. These findings are even more relevant in patients at risk, especially in those at high risk of exacerbations or with poor/inadequate disease control (7).

Ideally, a successful management should minimize both daily symptoms and risk factors for exacerbations/complications.

As recommended by the most recent published guidelines (GINA, NICE, SIGN/BTS) the follow up of asthmatic patients should be centered on continuing patients self-monitoring and periodical ambulatory visits for the assessments of the clinical status and lung function parameters (5, 6, 8).

The frequency of follow-up visits depends on asthma severity and the need of treatment adjustments. According to GINA recommendations, the lung function should be recorded at diagnosis, 3–6 months after starting treatment and “periodically” thereafter.

Among pediatric population, an adequate parents training can have a role in reducing the frequency of follow-up visits (9–11).

The main purpose of this article is to compare recommendations of various guidelines about asthma monitoring but also highlighting the differences between recommendations for pediatric and adult patients. In particular, we focus our attention on the availability of clinical tools for assessment of frequency and severity of symptoms, the use of lung function tests and inflammatory markers and the early detection of comorbidities and risk factors for severe asthma.

Monitoring asthma also means investigating the causes of poor medication adherence as well as comprising practical difficulties in using inhaler devices and understanding therapeutic plans especially in adult patients with comorbidities. The lack of awareness and detailed information regarding the importance of treatment adherence, avoidance of triggers, proper inhaler technique significantly contributes to the poor disease control.

Many tools are currently available for clinical and instrumental asthma monitoring, some of these can be performed by patients or caregivers (e.g., PEF), others (such as FeNO, spirometry, or asthma scores) can be made by general practitioners and/or by pulmonologists while some other (such as sputum analysis and oscillometry) only by pulmonologists.

In this paper, we will analyze each of these tools by evaluating different applications in the disease monitoring and comparing different guidelines.

CLINICAL TOOLS

Asthma Control Scores

The clinical history is crucial to assess the asthma control and should include simple key questions and specific asthma scores to collected information about exacerbations, limitations of daily activities, nocturnal awakenings and reliever medication use.

For young children, asthma control should be determined with help from the child's parent through.

Both in adult and children, GINA guidelines distinguishes between controlled, partly controlled and poorly controlled asthma based on level of symptoms during the past 4 weeks (5).

This categorization take into account the presence of daily symptoms (>2 per week), any night awakenings, reliever needed (>2 per week) and any activity limitation due to asthma, therefore, controlled asthma is defined by minimal daily symptoms and need of short acting bronchodilator, no nocturnal symptoms and no limitation of activities.

Further and more specific tools to assess the asthma control include quality-of-life measures such as questionnaires applicable in both adults and children (Table 1).


Table 1. Main Asthma control scores in children and adults.
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The Asthma Control Test (ACT) and the Asthma Control Questionnaire (ACQ) are recommended by all Guidelines and have been studied and extensively validated for both adults and children (the childhood ACT for children 4–11 years of age and the ACQ for children older than 5 years).

ACT includes 5 questions, 3 related to symptoms, 1 related to medication use, and 1 about overall control during the past 4 weeks with separate sections for parent and child; a score ≤ 19 indicate a poor symptoms control (15–17).

The C-ACT include seven items and it is divided into two parts. The first part is addressed to the child and consists of four questions on perception of asthma control, limitation of activities, coughing and awakenings at night. The second one is completed by parents and consists of three questions (daytime complaints, daytime wheezing and awakenings at night) with six response options. The score ranges from 0 (poorest asthma control) to 27 (optimal asthma control). ACT and ACQ are useful to assess the response to longer-term treatment.

The ACQ includes 7 questions, 5 related to symptoms, 1 on rescue treatment use and 1 on FEV1 finding; the control is assessed over the preceding week. For children with normal FEV1 a version of five-point questionnaire is preferable (12).

Other available scores include the Mini Asthma Quality of Life Questionnaire, validated for adults (its counterparts for patients 7–17 years of age is the Pediatric Quality of life Questionnaire) and the Royal College of Physicians 3 Questions (13, 14). The first values the control over the preceding 2 weeks and could be used to assess response to longer-term treatment trials. The latter although not well validated in both adults and children, could be used in day-to-day clinical practice thanks to his simplicity.

In the pediatric setting, GINA guidelines also include the Test for Respiratory and Asthma Control in Kids (TRACK) and the Composite Asthma Severity Index (CASI) both including the assessment of exacerbations. The TRACK is the first validated questionnaire designed to assess asthma control exclusively in young children (<4 years). This score may be more sensible in children since it reflects the changes in asthma control over a short follow up period and take into account the assessment of exacerbations (18, 19). Nevertheless, children may experience more exacerbations during one season vs. another while most of the clinical scores investigate trends over the last month, so they may not be totally indicative of asthma control in children with seasonal wheezing (20).

SIGN guidelines also recommend the use of the Pediatric Asthma Quality of life Questionnaire (PAQLQ) to assess health-related QoL in children with asthma and including 23 questions that investigate 4 domains (symptoms, activity limitations, emotional function, and environmental stimuli), validated for the age range 7–17 years (21, 22).

A further questionnaire is the Asthma Therapy Assessment Questionnaire (ATAQ), a 20-item parent-completed questionnaire, developed to assist clinicians to identify children at risk for adverse outcomes of asthma and including 4 different domains on symptom control, behavior and attitude barriers, self-efficacy barriers, and communication gaps (23).

A new score defined Severe Asthma questionnaire (SAQ) is being validated in adults; it can be used to detect the impact of both asthma symptoms and treatment on quality of life (24).

Usually, in daily practice, the possibility of using asthma control questionnaires and above all quality of life measures is significantly higher in the pediatric clinical routine.

Certainly, in the pediatric age the supervision of parents ensures a further control and makes these scores more reliable than those compiled by asthmatic patients. Moreover, in the adulthood comorbidities play an important role in the care management, often with reduced time to apply these clinical tools by healthcare professionals.

Concluding, we believe that asthma control scores are simple and useful monitoring tools, but the most of these refer to a short previous period and are often influenced by the subjective (or caregivers') symptom perception, for this reason they should be combined, when possible, with more objective tests such as pulmonary function tests or a careful clinical follow-up.

Patients and Parents Self-Monitoring

Patients as well as parents should be encouraged to keep track of symptoms consequently healthcare practitioners should adequately train them on this issue.

As recognized by several guidelines, many patients can benefit from a written action plan in which, according to the disease control, the patient is instructed to recognize the need for action (e.g., to step up therapy or seek medical advice) (5, 25).

A detailed education program for both adults and pediatric patients should cover: training on treatment adherence and correct use of medication, recognition and avoidance of triggers and risk factors for exacerbations or worsening of symptoms (such as exposure to allergens, influenza virus or rhinoviruses, smoke both active and passive or other environmental factors, including workplace related factors) (25, 26).

Among adults, educational programs have been repeatedly proven effective in improving symptoms control, quality of life and treatment compliance therefore they potentially can prevent or reduce severe exacerbations conducive to urgent visits and hospital admissions (4, 5).

A recent prospective randomized controlled trial including 160 adults with asthma showed that a single 10 min, educational session provided by a respiratory specialist, could substantially improve asthma control determined by the ACT score after 3 months. The educational program included basic information about asthma treatment and instructions on inhalation technique for about 10 min (27).

More recently, new tools for the self-assessment of asthma control are available such as applications for smartphones, often produced by respiratory societies, which can often be obtained for free (28, 29).

These applications enable patients to enter in their profile daily data such as symptoms and their frequency, ACT, PEF values etc. The app can therefore calculate the level of asthma control. Some apps have up to date pollen maps and calendars, or have personalized acoustic memos to remind patients to take the inhaled therapy (30).

Vasbinder et al. in their randomized controlled trial e-MATIC (e-Monitoring of Asthma Therapy to Improve Compliance in children), proposed the use of the “real-time medication monitoring (RTMM)” for improving adherence to inhaled corticosteroids. The study failed to prove a significant improvement in asthma control, quality of life or asthma exacerbations with high costs in the intervention group, although RTMM with tailored SMS reminders improved adherence to ICS (31).

Nevertheless, e- devices may be precious tools for monitoring, especially in adolescence. Teenagers, in particular, may experience age-related difficulties as they accept responsibility for self-management from their parents; the negative impacts of asthma are largely preventable if adolescents engage in self-management behaviors, including symptom prevention as treatment adherence and trigger avoidance or symptom monitoring. It has been proved that the use of “asthma apps” can positively influence adolescents' self-management behaviors through increased self-observation, self-judgment and increased self-efficacy (32).

The availability of these new promising resources certainly opens up new possibilities in the management and monitoring of asthma, even though a recent Cochrane meta-analysis (including 21 studies in adults and children), concluded that tele-healthcare for asthma did not seems to improve QoL or reduce exacerbation rate in children (33). Therefore, further evidences and studies will be needed to routinely recommend the use of these tools in the clinical practice.

LUNG FUNCTION TESTS AND INFLAMMATORY MARKERS

Spirometry

The functional hallmark of asthma is a reversible airway obstruction and its detection is often required for the diagnosis of the disease. The severity of obstruction is a known risk factor for exacerbations, therefore functional monitoring is essential in order to achieve optimal control.

Moreover, severity of obstruction does not always correlate with symptoms: a significant bronchial obstruction may be present also in asymptomatic children and adults. It has been shown that children with chronic obstruction are less likely to perceive the symptom of dyspnea than children with an acute obstruction (34). For this reason, children with poor perception of chronic obstruction are at risk of developing severe exacerbations, associated with poor lung function. Therefore, a regular assessment of lung function is crucial.

The spirometry is the main test for detecting and measuring airway obstruction in children over 5 years old and adults and it has some precision for predicting future attacks.

Reference values of the lung function tests suggested by several guidelines are reported in Table 2.


Table 2. Positive test threshold of objective tests in children (aged 5 years and over) and adults.
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The presence of expiratory airflow limitation should be valued at diagnosis or at the beginning of treatment (in order to evaluate increase in treatment dose), after 3–6 months of controller therapy and then periodically depending on clinical course, although SIGN and GINA guidelines do not indicate clear recommendations on monitoring FEV1 in children (5, 6).

NICE guidelines specify to perform a spirometry for monitoring asthma at each visit or at least after 3 or 6 months from the beginning of therapy and then every 1–2 years (8).

Spirometer parameters should be adjusted according to sex, age, and ethnicity. According to GINA guidelines, the FEV/FVC ratio cut-off of normality is 0.90 in children and 0.75–0.80 in adults (5). Different guidelines often diverge in the choice of this cut-off (according to NICE guidelines, it is 0.70 in both pediatric and adult age) (8) (Table 2).

In general, a fixed threshold might lead to an overestimation of obstruction in elderly patients and an underestimation in young ones (35).

In Table 3 we reported the main lung function tests used in our clinical setting in monitoring asthma.


Table 3. Main lung function tests used in our clinical setting in monitoring asthma.
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FEV1 is the most widely used functional index in the asthma follow up; in particular, among asthmatic children a FEV1 <60% is a risk factor for exacerbations and its decrease is associated with increasing asthma severity (36). Children with FEV1 <60% of the predicted seem to have a double risk of asthma exacerbations in the following year compared to those with FEV1> 80% (4, 37).

In order to compare spirometry findings in children, Global Lung Initiative recommend that the spirometry values should be expressed in z score, even though these recommendation is poorly applied worldwide (5).

Adults with an accelerated FEV1 decline (>30 ml/year) may be either steroid-resistant/difficult-to-treat asthmatics or not adequately treated principally due to under-perception or poorly adherence to maintenance therapy (38).

Some authors have argued that other indices, such as FVC, should be also considered, as some patients with severe obstruction respond to bronchodilators with a significant increase in FVC but not FEV1 (39).

In order to compare spirometry findings in children, Global Lung Initiative recommend that the spirometry values should be expressed in z score, even though these recommendation is poorly applied worldwide (8).

It is well known that the confirmation of the diagnosis requires a positive reversibility test (according to GINA guidelines improvement in FEV1 ≥12 in children, ≥12% together with an increase in volume ≥200 ml in adults). American Thoracic Society recommendations define a significant bronchodilator response (BDR) as an increase in FEV1 ≥12% and/or 200 ml in both adults and children (40).

Some studies showed that in children, this cut-off may be too high and then less sensitive to assess airway obstruction, suggesting that a lower cut-off (8%) should be used to improve the diagnosis of asthma (41).

The assessment of bronchodilator reversibility (BDR) can be useful not only to confirm the diagnosis but also in the asthma monitoring. In severe pediatric asthma, the spirometry should be always performed with a bronchodilator test to detect airway obstruction and its reversibility since it has been shown that these children have an increased bronchodilator response that may be associated with higher risk of impairment of lung function (42, 43). A persistent BDR may also be associated with poor therapy compliance or wrong inhaler technique and seems to correlate to some indices of airway inflammation, such as the exhaled nitric oxide fraction (FeNO), therefore it might be predictive for a positive response to inhaled corticosteroids (ICSs) (44).

Regarding the most appropriate setting to perform lung function tests, although spirometry performed in the primary care setting may be a useful tool in asthma monitoring, concerns have been raised about the quality and standardization of this procedure compared to hospital-based or laboratory spirometry. The spirometry provides objective data of lung function, but the outcome is often dependent on the operator. Therefore, in our opinion, expert personnel that spurs the patient to an optimal execution should perform it.

Peak Expiratory Flow

Home monitoring of peak expiratory flow (PEF) may be use as an additional functional test in the monitoring of asthma. There is still lack of evidence that PEF monitoring over time might result in better disease control. PEF measurement can be used to document the variability of bronchial obstruction in asthma even if PEF is not related to FEV1 values and may underestimate the degree of airflow limitation and air trapping. Moreover, PEF values vary depending on the meter used therefore it is advisable to compare its measurement with the best personal value (obtained during the disease control phase or during maximum treatment) using the same meter. PEF “personal best” has proved to be useful in improving the progression of asthma, but the patient needs to be adequately trained since measures are effort dependent (45, 46).

According with most of the guidelines, PEF measurement should not be routinely used to monitor asthma in children, unlike in adults where it is recommended for subjects with severe asthma or with poor perception of airflow limitation (5, 6, 8). Certainly, PEF measurements do not give information about the obstruction characteristics (obstructive or restrictive) or site. Nevertheless, NICE guidelines recommend a monitoring of peak flow variability for 2–4 weeks in children and young people (aged 5–16) if there is “diagnostic uncertainty after initial assessment with a normal or obstructive spirometry, irreversible airways obstruction (negative BDR) and a FeNO level of 35 ppb or more” (8). NICE guideline also recommend considering a value of more than 20% variability as a positive test. Even GINA guidelines in the diagnostic assessment of asthma include the use of diurnal PEF variability calculated from twice daily over 2 weeks; for children diurnal variability >13% is considered excessive [unlike in adult where the cut-off of PEF variability is >10% (5)] (Table 2).

The ease of execution even in pediatric age and the possibility of being performed at home and during acute phase make this test easy to handle and reproducible, even though its monitoring does not improve asthma control in addition to clinical scores in adults and children (6, 47). For this reason, PEF assessment is not recommended in pediatric age in asthma monitoring.

Impulse Oscillometry, Forced Oscillations Technique, and Expiratory Flow Limitation

During childhood, impulse oscillometry (IOS) and the technique of forced oscillations (FOT) may be used as an alternative technique to assess lung function, since measurements are made from tidal breathing and younger children are able to comply compared to spirometry. IOS measures respiratory resistance and reactance by analyzing responses to pressure waves of different frequency. The assessment of airflow resistance can be an indirect indicator of airway caliber, while spirometry mainly reflects airflow characteristics. IOS is easily performed during tidal breathing therefore it only need a partial collaboration of small patients, even though it is not available in all centers and in some cases, it is difficult to interpret. ERS/ATS guidelines give practice information about the test modality and its analysis (48).

Several studies showed a significant association between findings of the IOS and those of spirometry. In asthma, IOS has been used to assess the bronchodilator response and the therapeutic response to different treatments. In studies utilizing both IOS and spirometry, the first one has proved to be more useful than spirometry in early detection of asthmatic children from normal cohorts (49).

Many evidence showed that peripheral airways (PAW) in children as in adults are the initial site of inflammation and obstruction in asthmatic disease (50).

IOS can evaluate peripheral airways more accurately than spirometry identifying a PAW impairment before symptoms and spirometric abnormalities occur. For these reasons, it could be used to guide an early therapeutic approach to prevent clinical symptoms and further lung damage (51).

In adulthood, excluding patients with severe chronic asthma and marked airway obstruction, an expiratory flow limitation (ELF) at rest is seldom observed, unless under severe and prolonged bronchoconstriction.

One way to value EFL is by the forced oscillation technique (FOT) through the application of negative pressure at the mouth during tidal expiration (NEP).

When the oscillatory pressure applied at the mouth does not reach alveoli during expiration due to a flow-limiting segment in the bronchial tree, the reactance signal, instead of reflecting the mechanical properties of the lung parenchyma and airways, is influenced only by those of the airways and becomes much more negative with a clear distinction between inspiration and expiration.

This application of the FOT is useful to identify flow limitation during tidal breathing, but the closure of intrathoracic airways eventually occurring at end expiratory lung volume (EELV) must be considered as an important limiting factor of this technique, since the distortion of the reactance signal is similar (52, 53).

In addition, when EFL originates in the peripheral airways, it is mainly due to the viscous, density-independent, flow-limiting mechanism, while the speed wave, density-dependent, flow-limiting mechanism is substantially involved when the EFL originates in the central airways.

Despite several potential applications of FOT and oscillometry, larger longitudinal studies will be needed to confirm the usefulness of these techniques as routinely monitoring tools in asthma.

Blood and Sputum Eosinophils

As indicated in the recent ERS/ATS guidelines, the assessment of asthma phenotype (eosinophilic or non-eosinophilic) may play a crucial role in the management of patients with severe disease (54). The ideal tool for this purpose is represented by the cell count on BAL during bronchoscopy. The invasive nature of the procedure has obviously limited the number of subjects studied, therefore the scientific community has sought surrogates that allowed the identification of different asthma phenotypes such as eosinophils count in induced sputum and the peripheral eosinophilia.

Based on the sputum analysis, patients with asthma can be grouped in four different inflammatory phenotypes: eosinophilic asthma, neutrophilic asthma, mixed granulocytic asthma, and paucigranulocytic asthma. Eosinophilic asthma defined as a sputum eosinophil count of 2–3% or higher, represents almost half of the asthmatic population (55).

Several studies have found higher levels of sputum eosinophils in uncontrolled asthmatics, therefore sputum analysis may be a useful method of objectively monitoring asthma (56). Moreover, the short-term response to inhaled corticosteroids depends on the amount of eosinophils present in the sputum therefore this technique may be a guide for modulating steroid therapy (57).

A recent study by Fleming et al. included 55 children with severe asthma and showed that incorporating the control of sputum eosinophils into the management algorithm reduce exacerbations in the short term even though did not significantly reduce overall exacerbations or improve asthma control (58).

It is difficult for children to collect sputum because they tend to swallow more than expectorate.

Among pediatric patients with bronchial hyperactivity, induced sputum, through stimulation with hypertonic saline, may allow to understand the type of inflammation, the presence of cells and lower respiratory tract mediators (59–61).

Several studies have evaluated the safety of sputum induced in asthmatic children aged 6 to 16, demonstrating how moderate bronchospasm occurs in 10% of children and resolves with the administration of the bronchodilator (62, 63).

In clinical practice, the use of these tools for the diagnosis and monitoring of asthma certainly has limitations, however among pulmonologists and also in our center these may be a precious help for the assessment of the type of inflammation, the diagnostic confirmation and the adjustment of the preventive therapy.

In asthma, blood eosinophil are considered a good surrogate marker for sputum eosinophil count (over 2–3% with a cut-off of 220 cells per mm3 or 3% among adults). High eosinophil count in peripheral blood is a recognized risk factor for disease severity and for future exacerbations (58, 64). During childhood, the asthma predictive index (API) also include blood eosinophils within minor criteria as predictor of future recurrent wheezing (65, 66).

Nadif et al. showed that patients with high blood eosinophilia (>250 cells per mm3) had lower FEV1 values and worse asthma control than those with eosinophils in normal range (67).

For these reasons, the bronchial and peripheral eosinophilia could be considered a potentially useful biomarker for the selection of patients who will respond to anti IL5 therapy, a monoclonal antibody used in patient older than 12 years with refractory eosinophilic asthma.

Fractional Exhaled Nitric Oxide (FeNO)

As already mentioned, the detection of different asthma phenotypes guided the scientific community searching for specific biomarkers that could guide and improve the disease monitoring and the therapeutic approach. The monitoring of asthma should also include the determination of minimally invasive inflammatory markers.

Fractional exhaled nitric oxide (FeNO) measurement correlates with eosinophilic airway inflammation and therefore with the most common asthma endotype, independently of gender, and age. FeNO levels are higher in asthmatic children compared to non-asthmatic children and in one study values rose further during exacerbations and rapid decline after oral steroid treatment (68–70). British guidelines recognize that a FeNO <20 ppb in children under 12 years may have a role in identifying patients who can step down corticosteroid treatment (5). This relationship is lost in adults smokers (superior cut off in children >35 ppb, in adults >50 ppb) (6) (Table 3).

Agency for Healthcare Research and Quality (AHRQ), recently conducted a systematic review (including 175 studies) about the role of FeNO in the diagnosis, treatment and monitoring of asthma. Both in adults and in children FeNO results can predict which patients will respond to inhaled corticosteroid therapy, therefore the use of this marker in long-term managing of treatments can reduce the frequency of exacerbations. Moreover, the review showed that FeNO diagnostic accuracy was modestly better in steroid-naïve asthmatics, children and non-smokers than the overall population. Nevertheless, regarding the asthma monitoring in preschooler children authors concluded that there is insufficient evidence supporting the use of FeNO in this category for predicting a future diagnosis of asthma (69).

Two recent Cochrane reviews, including both pediatric and adulthood studies, showed that tailoring asthma medications based on FeNO levels decreased the frequency of asthma exacerbations but did not impact on day-to-day clinical symptoms or inhaled corticosteroid dose (71–73).

In conclusion, FeNO role in asthma management has not been concretely proven due to incomplete evidence therefore it is not routinely recommended in all patients, at least in monitoring, even though it may be useful in subjects who respond poorly to inhaled corticosteroids (73).

Nevertheless, the use of biomarkers as tools for phenotyping asthma and personalizing therapy is certainly attractive but it has not yet entered clinical practice.

AIRWAY HYPERRESPONSIVENESS

Bronchial Provocation Tests

A hallmark feature of asthma is increased responsiveness of the airways to inhaled stimuli. The assessment of bronchial responsiveness through provocation tests can be useful for both research purposes and clinical practice. Bronchial provocation tests include the direct inhalation of different substances such as methacholine, histamine, mannitol, inhalation of allergens or the use of “stimuli” such as exercise, inhalation of cold air and hyperventilation with dry air (74).

Monitoring of bronchial hyper-responsiveness (BHR) is not routinely recommended in current guidelines, since its role is more typically confined to the diagnostic process.

However, some data seem to indicate a potential usefulness of BHR among asthmatic adults, as an indicator of exacerbation risk and inhaled corticosteroid response (75, 76).

Bronchial provocations tests are not usually performed in asthmatic children and several papers support this recommendation including one clinical trial (77). Nevertheless, BHR assessments could have a role in asthma monitoring among children with exercise limitations or with reduced perception of symptoms (78).

Within the pediatric population, the exercise test may be a precious tool for the evaluation of indirect BHR (79). A reduction in post-exercise FEV1 compared to the baseline is considered a sign of bronchial obstruction induced by exercise. GINA guidelines recognize that the exercise challenge may provide information about airway hyper-responsiveness but “only undertake a challenge if it is otherwise difficult to assess asthma control.” A positive exercise challenge for children is considered for a fall in FEV1 >12% of predicted or PEF >15% (for adult a fall in FEV1 >10% and >200 ml from baseline).

NICE guideline clearly recommend of “do not use challenge testing to monitor asthma control,” while SIGN group state that “regular monitoring of airway responsiveness not proven to improve asthma control in children” (6, 8) (Table 2).

COMORBIDITIES AND RISK FACTORS

Both for adults and children, the detection of potentially modifiable risk factors for exacerbations may be useful in asthma monitoring and includes the exposure to specific allergens, smoking, high SABA use, poor adherence to therapy and incorrect inhaler technique. As already mentioned, GINA guidelines state that a previous sever exacerbation in last 12 months and a history of access into an intensive care or intubation are major independent risk factors for exacerbations (5).

Moreover, the asthma monitoring cannot be separated from an early identification and management of associated comorbidities (Table 4).


Table 4. Principal asthma comorbidities.
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This term defines factors and/or pathological conditions, which can coexist with asthma, contribute to its severity and to poor control.

Comorbidities are obviously more frequent in adults and may significantly complicate the management of asthma throughout all its stages, from diagnosis to treatment. All guidelines present this point as relevant in the workup of asthma. The most frequent comorbidities among adult population include upper airway diseases (rhinitis, chronic rhinosinusitis), obesity, COPD, gastro-esophageal reflux disease (GERD), bronchiectasis; in elderly patients, heart failure is very common.

From an epidemiological point of view, rhinitis, and rhinosinusitis are the most frequent comorbidities of asthma for all ages and the former seems to be associated with an increased risk of exacerbations (80). The presence of GERD is associated with worse asthma symptoms and poorer quality of life while obesity can worsen asthma by compromising lung function, inducing corticosteroid insensitivity and systemic inflammation (81–83).

All these conditions often exacerbate or simulate symptoms of asthma causing a poor response to treatment. For these reasons, it is essential to assess and carefully monitor these comorbidities also by implementing integrated care pathways.

Other conditions that may present with elevated blood eosinophilia and a clinical picture mimicking a severe refractory asthma, such as chronic eosinophilic pneumonia, Churg-Strauss syndrome, allergic bronchopulmonary aspergillosis (ABPA), should be taken into account during asthma monitoring (84).

Finally, a subset of adult patients (usually over 40 years of age) present a combination of both asthma and COPD features which is known as Asthma-COPD overlap syndrome (ACOS), likely resulting from different phenotypes of airway disease. They are often smokers, but may have allergies and a family or personal history of asthma with a not completely reversible airway obstruction (5).

Additional diagnostic findings include eosinophilic airway inflammation, a good response to corticosteroid therapy, and high concentrations of exhaled nitric oxide, which should be assessed in the monitoring of these patients (85). Since ACOS outcome is generally worse than asthma with higher treatment needs, the management should be especially careful therefore it might be advisable to refer these patients to specialized center.

ASTHMA ACTION PLAN

The asthma action plan helps asthmatic adults and/or caregivers recognize worsening asthma and gives clear instructions on what to do in response. Each asthmatic patient is different, so each action plan will be too.

An accurate action plan should cover every of these points:

• What medicines to take and when

• A list of potential triggers

• Early symptoms of flare-ups and what to do if they happen

• Know how to manage a full-blown flare-up

• When to get emergency care

The asthma action plan should be based on symptoms trend or peak expiratory flow (PEF) measurements and is individualized according to the pattern of the patient's disease. In children, symptom-based plans are preferred.

Inclusion of PEF measurements in the asthma action plan can be beneficial for adults with more severe or difficult-to-control asthma and those with poor symptoms perception. When PEF is used, the asthma action plan should be based on personal best rather than on predicted values.

Regular review of the asthma action plan is an important part of asthma monitoring since the level of asthma severity and control may change over time (86, 87).

CONCLUSION

An ideal asthma monitoring should provide a personalized approach for each asthmatic patient.

The personalized asthma care should use specific monitoring tools for different patients, preferably with different fields. This assumption therefore represent a fundamental part of comprehensive asthma management.

In light of reported evidences, it may be noted that some advice in monitoring of asthma may apply to both adults and children.

1. The categorization of asthma based on disease severity, which is crucial for the therapeutic planning, require an accurate combination and evaluation of the clinical and functional status.

2. The assessment of risk factors for exacerbations and for severe asthma should be carefully investigated.

3. Moreover, the estimation of future risk allows identifying patients who require a closed follow-up in order to prevent acute exacerbations and to detect an early impairment of lung function.

4. The use of a written and simple action plan (clear indications on which drugs to take every day, how to spot if asthma's getting worse, and what to do if you have an asthma attack) for both adults and children is advisable and it should be reviewed during each control.

5. At each visit, the patient's adherence to the treatment and correct use of inhaler devices should be assessed and reviewed. For patients who monitor their PEF at home, is advisable to review periodically the correct use of the instrument.

6. Pediatricians should always remember that a careful monitoring of growth and possible side effects of therapy is essential among asthmatic children.

7. Self-management tests associated with monitoring tools for the assessment of pulmonary function and measures of airways inflammation must be appropriate for pediatric age.

Ideally, the follow-up of asthmatic patients should have as its objective a responsible self-monitoring associated with a periodic outpatient check of the clinical status and lung function findings.

As healthcare professionals, we should arouse awareness and self-management. Particularly among adolescents, we should implement a shared decision-making and find ways to connect with them effectively.

The use of new technologies in monitoring asthma is inevitable and may help us to provide great opportunities to monitor patients remotely and to improve the communication.

DATA AVAILABILITY

All datasets generated for this study are included in the manuscript and the supplementary files.

AUTHOR CONTRIBUTIONS

MG and PC performed the literature review. AP, SN, and EdP contributed to data collection and interpretation of the literature data. GR coordinated the writing group. All authors critically reviewed the manuscript, read and approved the final version.

ABBREVIATIONS

NAEPP, American National Asthma Education and Prevention Program; BDR, bronchodilator reversibility; BHR, bronchial hyper-responsiveness; GINA, Global Initiative for Asthma; FeNO, fractional exhaled nitric oxide; IOS, impulse oscillometry; FOT, technique of forced oscillations; COPD, Chronic Obstructive Pulmonary Disease.

REFERENCES

 1. Bahadori K, Doyle-Waters MM, Marra C, Lynd L, Alasaly K, Swiston J, et al. Economic burden of asthma: a systematic review. BMC Pulm Med. (2009) 9:24. doi: 10.1186/1471-2466-9-24

 2. Cazzoletti L, Marcon A, Janson C, Corsico A, Jarvis D, Pin I, et al. Therapy and health economics group of the European community respiratory health survey. Asthma control in Europe: a real-world evaluation based on an international population-based study. J Allergy Clin Immunol. (2007) 120:1360–7. doi: 10.1016/j.jaci.2007.09.019

 3. Demoly P, Paggiaro P, Plaza V, Bolge SC, Kannan H, Sohier B, et al. Prevalence of asthma control among adults in France, Germany, Italy, Spain and the UK. Eur Respir Rev. (2009) 18:105–12. doi: 10.1183/09059180.00001209

 4. National Asthma Education and Prevention Program. Expert Panel Report 3 (EPR-3): guidelines for the diagnosis and management of asthma-summary Report 2007. J Allergy Clin Immunol. (2007) 120(Suppl. 5):S94–138. doi: 10.1016/j.jaci.2007.09.029

 5. Global Initiative for Asthma. GINA Report: Global Strategy for Asthma Management and Prevention. (2017). Available online at: https://ginasthma.org/gina-reports/

 6. British Thoracic Society/Scottish Intercollegiate Guideline Network. British Guideline on the Management of Asthma. (2016). Available online at:https://www.brit-thoracic.org.uk/document-library/clinical-information/asthma/btssign-asthma-guideline-2016/

 7. Sears MR, Greene JM, Willan AR, Wiecek EM, Taylor DR, Flannery EM, et al. A longitudinal, population-based, cohort study of childhood asthma followed to adulthood. N Engl J Med. (2003) 349:1414–22. doi: 10.1056/NEJMoa022363

 8. National Institute for Health and Care Excellence. Asthma: Diagnosis, Monitoring and Chronic Asthma Management. (2017). Available online at https://www.nice.org.uk/guidance/ng80

 9. Holt EW, Cook EF, Covar RA, Spahn J, Fuhlbrigge AL. Identifying the components of asthma health status in children with mild to moderate asthma. J Allergy Clin Immunol. (2008) 121:1175–80. doi: 10.1016/j.jaci.2008.02.015

 10. Global Initiative for Asthma. GINA Report: Global Strategy for Asthma Management and Prevention. (2018). Available online at: https://ginasthma.org/gina-reports/

 11. Klok T, de Groot EP, Brouwer AFJ, Brand PLP. Follow-up of children with asthma. Eur Respir Monogr. (2012) 56:210–23. doi: 10.1183/1025448x.10018110

 12. Liu AH, Zeiger R, Sorkness C, Mahr T, Ostrom N, Burgess S, et al. Development and cross sectional validation of the Childhood Asthma Control Test. J Allergy Clin Immunol. (2007) 119:817–25. doi: 10.1016/j.jaci.2006.12.662

 13. Juniper EF, Guyatt GH, Cox FM, Ferrie PJ, King DR. Development and validation of the Mini Asthma Quality of Life Questionnaire. Eur Respir J. (1999) 14:32–8. doi: 10.1034/j.1399-3003.1999.14a08.x

 14. Thomas M, Gruffydd-Jones K, Stonham C, Ward S, Macfarlane TV. Assessing asthma control in routine clinical practice: use of the Royal College of Physicians '3 questions'. Prim Care Respir J. (2009) 18:83–8. doi: 10.3132/pcrj.2008.00045

 15. Nathan RA, Sorkness CA, Kosinski M, Schatz M, Li JT, Marcus P, et al. Development of the asthma control test: a survey for assessing asthma control. J Allergy Clin Immunol. (2004) 113:59–65. doi: 10.1016/j.jaci.2003.09.008

 16. Schatz M, Kosinski M, Yarlas AS, Hanlon J, Watson ME, Jhingran P. The minimally important difference of the Asthma Control Test. J Allergy Clin Immunol. (2009) 124:719–23.e1. doi: 10.1016/j.jaci.2009.06.053

 17. Juniper EF, Gruffydd-Jones K, Ward S, Svensson K. Asthma Control Questionnaire in children: validation, measurement properties, interpretation. Eur Respir J. (2010) 36:1410–6. doi: 10.1183/09031936.00117509

 18. Zeiger RS, Mellon M, Chipps B, Murphy KR, Schatz M, Kosinski M, et al. Test for Respiratory and Asthma Control in Kids (TRACK): clinically meaningful changes in score. J Allergy Clin Immunol. (2011) 128:983–8. doi: 10.1016/j.jaci.2011.08.010

 19. Wildfire JJ, Gergen PJ, Sorkness CA, Mitchell HE, Calatroni A, Kattan M, et al. Development and validation of the Composite Asthma Severity Index-an outcome measure for use in children andadolescents. J Allergy Clin Immunol. (2012) 129:694–701. doi: 10.1016/j.jaci.2011.12.962

 20. Covar RA, Szefler SJ, Zeiger RS, Sorkness CA, Moss M, Mauger DT, et al. Factors associated with asthma exacerbations duringa long-term clinical trial of controller medications in children. J Allergy Clin Immunol. (2008) 122:741–7. doi: 10.1016/j.jaci.2008.08.021

 21. Juniper EF, Guyatt GH, Feeny DH, Ferrie PJ, Griffith LE, Townsend M. Measuring quality of life in children with asthma. Qual Life Res. (1996) 5:35–46. doi: 10.1007/BF00435967

 22. Juniper EF, Guyatt GH, Feeny DH, Ferrie PJ, Griffith LE, Townsend M. Measuring quality of life in the parents of children with asthma. Qual Life Res. (1996) 5:27–34. doi: 10.1007/BF00435966

 23. Skinner EA, Diette GB, Algatt-Bergstrom PJ, Nguyen TT, Clark RD, Markson LE, et al. The Asthma Therapy Assessment Questionnaire (ATAQ) for children and adolescents. Dis Manag. (2004) 7:305–13. doi: 10.1089/dis.2004.7.305

 24. Hyland ME, Jones RC, Lanario JW, Masoli M. The construction and validation of the Severe Asthma Questionnaire. Eur Respir J. (2018) 52:1800618. doi: 10.1183/13993003.00618-2018

 25. Banasiak NC. Childhood asthma practice guideline part three: update of the 2007 National Guidelines for the Diagnosis and Treatment of Asthma. The National Asthma Education and Prevention Program. J Pediatr Health Care. (2009) 23:59–61. doi: 10.1016/j.pedhc.2008.10.004

 26. Vasileiou E, Sheikh A, Butler C, El Ferkh K, von Wissmann B, McMenamin J, et al. Effectiveness of influenza vaccines in asthma: a systematic review and meta-analysis. Clin Infect Dis. (2017) 65:1388–95. doi: 10.1093/cid/cix524

 27. Schuermans D, Hanon S, Wauters I, Verbanck S, Vandevoorde J, Vanderhelst E. Impact of a single 10 min education session on asthma control as measured by ACT. Respir Med. (2018) 143:14–7. doi: 10.1016/j.rmed.2018.08.003

 28. McKay FH, Cheng C, Wright A, Shill J, Stephens H, Uccellini M. Evaluating mobile phone applications for health behaviour change: a systematic review. J Telemed Telecare. (2018) 24:22–30. doi: 10.1177/1357633X16673538

 29. Hui CY, Walton R, McKinstry B, Jackson T, Parker R, Pinnock H. The use of mobile applications to support self-management for people with asthma: a systematic review of controlled studies to identify features associated with clinical effectiveness and adherence. J Am Med Inform Assoc. (2017) 24:619–32. doi: 10.1093/jamia/ocw143

 30. Triveldi D. Cochrane review summary: smartphone and tablet self-management apps for asthma. Prim Health Care Res Dev. (2015) 16:111–3. doi: 10.1017/S1463423615000018

 31. Vasbinder EC, Goossens LM, Rutten-van Mölken MP, de Winter BC, van Winter wL, Vulto AG, et al. e-Monitoring of Asthma Therapy to Improve Compliance in children (e-MATIC): a randomised controlled trial. Eur Respir J. (2016) 48:758–67. doi: 10.1183/13993003.01698-2015

 32. Pinnock H, Parke HL, Panagioti M, Daines L, Pearce G, Epiphaniou E, et al. PRISMS and RECURSIVE groups. Systematic meta-review of supported self-management for asthma: a healthcare perspective. BMC Med. (2017) 15:64. doi: 10.1186/s12916-017-0823-7

 33. McLean S, Chandler D, Nurmatov U, Liu J, Pagliari C, Car J, et al. Telehealthcare for asthma: a Cochrane review. CMAJ. (2011) 183:E733–42. doi: 10.1503/cmaj.101146

 34. Rietveld S, Everaerd W. Perceptions of asthma by adolescents at home. Chest. (2000) 117: 434–9. doi: 10.1378/chest.117.2.434

 35. Swanney MP, Ruppel G, Enright PL, Pedersen OF, Crapo RO, Miller MR, et al. Using the lower limit of normal for the FEV1/FVC ratio reduces the misclassification of airway obstruction. Thorax. (2008) 63:1046–51. doi: 10.1136/thx.2008.098483

 36. Moeller A, Carlsen KH, Sly PD, Baraldi E, Piacentini G, Pavord I, et al. ERS Task Force Monitoring Asthma in Children. Monitoring asthma in childhood: lung function, bronchial responsiveness and inflammation. Eur Respir Rev. (2015) 24:204–15. doi: 10.1183/16000617.00003914

 37. National Asthma Education and Prevention Program. National Asthma Education and Prevention Program. Expert panel report: guidelines for the diagnosis and management of asthma update on selected topics – 2002. J Allergy Clin Immunol. (2002) 110(Suppl.):S141–219.

 38. Sposato B. Could FEV1 decline have a role in daily clinical practice for asthma monitoring? Curr Med Res Opin. (2013) 29:1371–81. doi: 10.1185/03007995.2013.821057

 39. Chhabra SK, Bhatnagar S. Comparison of bronchodilator responsiveness in asthma and chronic obstructive pulmonary disease. Indian J Chest Dis Allied Sci. (2002) 44:91–7.

 40. Reddel HK, Taylor DR, Bateman ED, Boulet LP, Boushey HA, Busse WW, et al. An official American Thoracic Society/European Respiratory Societystatement: asthma control and exacerbations: standardizing endpoints for clinical asthma trials and clinical practice. Am J Respir Crit Care Med. (2009) 180:59–99. doi: 10.1164/rccm.200801-060ST

 41. Tse SM, Gold DR, Sordillo JE, Hoffman EB, Gillman MW, Rifas-Shiman SL, et al. Diagnostic accuracy of the bronchodilator response in children. J Allergy Clin Immunol. (2013) 132:554–9.e5. doi: 10.1016/j.jaci.2013.03.031

 42. Teague WG, Phillips BR, Fahy JV, Wenzel SE, Fitzpatrick AM, Moore WC, et al. Baseline features of the Severe Asthma Research Program (SARP III) cohort: differences with age. J Allergy Clin Immunol Pract. (2018) 6:545–54.e4. doi: 10.1016/j.jaip.2017.05.032

 43. Liu AH. Biomarkers and childhood asthma: improving control today and tomorrow. Allergy Asthma Proc. (2005) 26:249–54.

 44. Tantisira KG, Fuhlbrigge AL, Tonascia J, Van Natta M, Zeiger RS, Strunk RC, et al. Bronchodilation and bronchoconstriction: predictors of future lung function in childhood asthma. J Allergy Clin Immunol. (2006) 117:1264–71. doi: 10.1016/j.jaci.2006.01.050

 45. Scichilone N, Contoli M, Paleari D, Pirina P, Rossi A, Sanguinetti CM, et al. Assessing and accessing the small airways; implications for asthma management. Pulmonary Pharmacol Therap. (2013) 26:172–9. doi: 10.1016/j.pupt.2012.10.001

 46. Reddel HK, Vincent SD, Civitico J. The need for standardization of Peak Flow charts. Thorax. (2005) 60:164–7. doi: 10.1136/thx.2004.030437

 47. Beydon N, Davis SD, Lombardi E, Allen JL, Arets HG, Aurora P, et al. An official American Thoracic Society/European Respiratory Society statement: pulmonary function testing in preschool children. Am J Respir Crit Care Med. (2007) 175:1304–45. doi: 10.1164/rccm.200605-642ST

 48. Bickel S, Popler J, Lesnick B, Eid N. Impulse oscillometry: interpretation and practical applications. Chest. (2014) 146:841–7. doi: 10.1378/chest.13-1875

 49. Komarow HD, Skinner J, Young N, Gaskins D, Nelson C, Gergen PJ, et al. Study on the use of impulse oscillometry in the evaluation of children with asthma: analysis of lung parameters, order effect, and utility compared with spirometry. Pediatr Pulmonol. (2012) 47:18–26. doi: 10.1002/ppul.21507

 50. Shi Y, Aledia AS, Galant SP, George SC. Peripheral airway impairment measured by oscillometry predicts loss of asthma control in children. J Allergy Clin Immunol. (2013) 131:718–23. doi: 10.1016/j.jaci.2012.09.022

 51. Galant SP, Komarow HD, Shin HW, Siddiqui S, Lipworth BJ. The case for impulse oscillometry in the management of asthma in children and adults. Ann Allergy Asthma Immunol. (2017) 118:664–71. doi: 10.1016/j.anai.2017.04.009

 52. Boczkowski J, Murciano D, Pichot MH, Ferretti A, Pariente R, Milic-Emili J. Expiratory flow limitation in stable asthmatic patients during resting breathing. Am J Respir Crit Care Med. (1997) 156(3 Pt 1):752–7. doi: 10.1164/ajrccm.156.3.9609083

 53. Tantucci C, Ellaffi M, Duguet A, Zelter M, Similowski T, Derenne JP, et al. Dynamic hyperinflation and flow limitation during methacholine-induced bronchoconstriction in asthma. Eur Respir J. (1999) 14:295–301. doi: 10.1183/09031936.99.142

 54. Chung KF, Wenzel SE, Brozek JL, Bush A, Castro M, et al. International ERS/ATS guidelines on definition, evaluation and treatment of severe asthma. Eur Respir J. (2014) 43:343–73. doi: 10.1183/09031936.00202013

 55. Green RH, Brightling CE, McKenna S, Hargadon B, Parker D, Bradding P, et al. Asthma exacerbations and sputum eosinophil counts: a randomized controlled trial. Lancet. (2002) 360:1715–21. doi: 10.1016/S0140-6736(02)11679-5

 56. Romagnoli M, Vachier I, Tarodo de la Fuente P, Meziane H, Chavis C, Bousquet J, et al. Eosinophilic inflammation in sputum of poorly controlled asthmatics. Eur Respir J. (2002) 20:1370–7. doi: 10.1183/09031936.02.00029202

 57. Petsky HL, Li A, Chang AB. Tailored interventions based on sputum eosinophils versus clinical symptoms for asthma in children and adults. Cochrane Database Syst Rev. (2017) 8:CD005603. doi: 10.1002/14651858.CD005603.pub3

 58. Fleming L, Wilson N, Regamey N, Bush A. Use of sputum eosinophil counts to guide management in children with severe asthma. Thorax. (2012) 67:193–8. doi: 10.1136/thx.2010.156836

 59. Gogate S, Katial R. Pediatric biomarkers in asthma: exhaled nitric oxide, sputum eosinophils and leukotriene E4. Curr Opin Allergy Clin Immunol. (2008) 8:154–7. doi: 10.1097/ACI.0b013e3282f60f61

 60. Hargreave FE, Nair P. Point: Is measuring sputum eosinophils useful in the management of severe asthma? Yes. Chest. (2011) 139:1270–2. doi: 10.1378/chest.11-0618

 61. Chen DH, Zhong GY, Luo W, Chen QL, Sun BQ, Chen RC, et al. Reference values of induced sputum cytology in healthy children in guangzhou, southern china. Pediatrics. (2013) 131:e518–24. doi: 10.1542/peds.2012-0946

 62. Lex C, Payne DN, Zacharasiewicz A, Li AM, Wilson NM, Hansel TT, et al. Sputum induction in children with difficult asthma: safety, feasibility, and inflammatory cell pattern. Pediatr Pulmonol. (2005) 39:318–24. doi: 10.1002/ppul.20159

 63. Covar RA, Spahn JD, Martin RJ, Silkoff PE, Sundstrom DA, Murphy J, et al. Safety and application of induced sputum analysis in childhood asthma. J Allergy Clin Immunol. (2004) 114:575–82. doi: 10.1016/j.jaci.2004.06.036

 64. Carr TF, Berdnikovs S, Simon HU, Bochner BS, Rosenwasse LJ. Eosinophilic bioactivities in severe asthma. World Allergy Organ J. (2016) 9:21. doi: 10.1186/s40413-016-0112-5

 65. Zeiger RS, Schatz M, Li Q, Chen W, Khatry DB, Gossage D, et al. High blood eosinophil count is a risk factor for future asthma exacerbations in adult persistent asthma. J Allergy Clin Immunol Pract. (2014) 2:741–50. doi: 10.1016/j.jaip.2014.06.005

 66. Amin P, Levin L, Epstein T, Ryan P, LeMasters G, Khurana Hershey G, et al. Optimum predictors of childhood asthma: persistent wheeze or the Asthma Predictive Index? J Allergy Clin Immunol Pract. (2014) 2:709–15. doi: 10.1016/j.jaip.2014.08.009

 67. Nadif R, Siroux V, Oryszczyn MP, Ravault C, Pison C, Pin I, et al. Heterogeneity of asthma according to blood inflammatory patterns. Thorax. (2009) 64:374–80. doi: 10.1136/thx.2008.103069

 68. Busse W, Chupp G, Nagase H, Albers FC, Doyle S, Shen Q, et al. Anti-IL-5 treatments in patients with severe asthma by blood eosinophil thresholds: indirect treatment comparison. J Allergy Clin Immunol. (2018) 143:190–200.e20. doi: 10.1016/j.jaci.2018.08.031

 69. Wang Z, Pianosi P, Keogh K, Zaiem F, Alsawas M, Alahdab F, et al. The Clinical Utility of Fractional Exhaled Nitric Oxide (FeNO) in Asthma Management. Rockville, MD: Agency for Healthcare Research and Quality (US) (2017). doi: 10.23970/AHRQEPCCER197

 70. Harnan SE, Tappenden P, Essat M, Gomersall T, Minton J, Wong R, et al. Measurement of exhaled nitric oxide concentration in asthma: a systematic review and economic evaluation of NIOX MINO, NIOX VERO and NObreath. Health Technol Assess. (2015) 19:1–330. doi: 10.3310/hta19820

 71. Petsky HL, Kew KM, Chang AB. Exhaled nitric oxide levels to guide treatment for children with asthma. Cochrane Database Syst Rev. (2016) 11:CD011439. doi: 10.1002/14651858.CD011439.pub2

 72. Petsky HL, Kew KM, Turner C, Chang AB. Exhaled nitric oxide levels to guide treatment for adults with asthma. Cochrane Database Syst Rev. (2016) 9:CD011440. doi: 10.1002/14651858.CD011440.pub2

 73. Caudri D, Wijga AH, Hoekstra MO, Kerkhof M, Koppelman GH, Bruekreef B, et al. Prediction of asthma in symptomatic preschool children using exhaled nitric oxide, Rint and specific IgE. Thorax. (2010) 65:801–7. doi: 10.1136/thx.2009.126912

 74. Lethtimaki L, Csonka P, Makinen E, Isojarvi J, Hovi SL, Ahovuo-Saloranta A. Predictive value of exhaled nitric oxide in the management of asthma: a systematic review. Eur Respir J. (2016) 48:706–14. doi: 10.1183/13993003.00699-2016

 75. Cockcroft DW, Davis BE. Diagnostic and therapeutic value of airway challenges in asthma. Curr Allergy Asthma Rep. (2009) 9:247–53. doi: 10.1007/s11882-009-0036-z

 76. Cockcroft DW. Direct challenge tests: airway hyperresponsiveness in asthma: its measurement and clinical significance. Chest. (2010) 138(Suppl. 2):18–24S. doi: 10.1378/chest.10-0088

 77. Nuijsink M, Hop WC, Sterk PJ, Duiverman EJ, de Jongste JC. Long-term asthma treatment guided by airway hyperresponsiveness in children: a randomized controlled trial. Eur Respir J. (2007) 30:457–66. doi: 10.1183/09031936.00111806

 78. Galera R, Casitas R, Martínez-Cerón E, Romero D, García-Río F. Does airway hyperresponsiveness monitoring lead to improved asthma control? Clin Exp Allergy. (2015) 45:1396–405. doi: 10.1111/cea.12539

 79. Riiser A, Hovland V, Carlsen KH, Mowinckel P, Lødrup Carlsen KC. Does bronchial hyperresponsiveness in childhood predict active asthma in adolescence? Am J Respir Crit Care Med. (2012) 186:493–500 doi: 10.1164/rccm.201112-2235OC

 80. Chiang WC, Chen YM, Tan HK, Balakrishnan A, Liew WK, Lim HH, et al. Allergic rhinitis and non-allergic rhinitis in children in the tropics: prevalence and risk associations. Pediatric Pulmonol. (2012) 47:1026–33. doi: 10.1002/ppul.22554

 81. McCallister JW, Parsons JP, Mastronarde JG. The relationship between gastroesophageal reflux and asthma: an update. Ther Adv Respir Dis. (2011) 5:143–50. doi: 10.1177/1753465810384606

 82. Tay TR, Hew M. Comorbid “treatable traits” in difficult asthma: current evidence and clinical evaluation. Allergy. (2018) 73:1369–82. doi: 10.1111/all.13370

 83. Scott HA, Gibson PG, Garg ML, Wood LG. Airway inflammation is augmented by obesity and fatty acids in asthma. Eur Respir J. (2011) 38:594–602. doi: 10.1183/09031936.00139810

 84. Cottin V. Eosinophilic lung diseases. Clin Chest Med. (2016) 37:535–56. doi: 10.1016/j.ccm.2016.04.015

 85. Sorino C, Scichilone N, D'Amato M, Patella V, DI Marco F. Asthma-COPD overlap syndrome: recent advances in diagnostic criteria and prognostic significance. Minerva Med. (2017) 108(3 Suppl. 1):1–5. doi: 10.23736/S0026-4806.17.05321-6

 86. Gibson PG, Powell H. Written action plans for asthma: an evidence-based review of the key components. Thorax. (2004) 59:94–9. doi: 10.1136/thorax.2003.011858

 87. Gibson PG, Coughlan J, Wilson AJ, Abramson M, Bauman A, Hensley MJ, et al. Self-management education and regular practitioner review for adults with asthma. Cochrane Database Syst Rev. (2000) 2:CD001117. doi: 10.1002/14651858.CD001117

Conflict of Interest Statement: The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.

Copyright © 2019 Gallucci, Carbonara, Pacilli, di Palmo, Ricci and Nava. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.

OPS/images/fped-07-00054-t003.jpg
Spirometry

Positive bronchodilator (BD)
reversibilty test from baseline
suggestive for asthma

Peak expiratory flow (PEF) average
diurnal variabity over 2 weeks
AIRWAY RESPONSIVENESS

Exercise test

Exhaled nitric oxide (FENO)

Eosinophil differential count in
induced sputum

Children
>5years

Adults

Values widely available, usually within normal
range in adults and children with asthma

++ ++

Not routinely used +

Used preferentially for diagnosis and not to

monitor disease

Used only in specific protocols for diagnosis
and monitoring

+, dubious role in asthma monitoring; ++, potentially useful in asthma monitoring.

Normal value

FEV1/FVC >0.90 in children
>0.75-0.80 in adults
Children FEV1 <10%
Adults FEV1<12% and
<200 mL.

<8% with twice daily
readings

Children <12-% adults
<10%

<25 ppb at exhaled flow of
50 mi/sec

Normal range <2%

Note

Less applicable in acute severe asthma

In children sometimes also suggestive also
FEV1 >10%

In aduits more robust

FEV1>156% and >400mL

Confirmed airflow limitation by variability

Not applicable in patients with impaired lung
function ie., FEVI/FVC <0.7 and FEV1 <70%
predicted)

>50 ppb highly predictive of eosinophilic
airway inflammation and positive response to
corticosteroid therapy

Close relationship between raised sputum
eosinophil count and corticosteroid
responsiveness





OPS/images/fped-07-00054-t004.jpg
Children
Anxiety and depressive -+
disorders

Gastro-esophageal reflux +
disease

Obesity S+
Food allergy/anaphylaxis +
Allergic rhinitis/Sinusitis +
Nasal polyps -
Pregnancy =
Perimenstrual asthma +
Respiratory infections 4+
Tobacco smoking and ++

environmental exposure
Cardiovascular diseases -
Chronic pulmonary diseases ~ ~

Adults

+

++

e+

++
++

+
++

++
+++

+++
ot

Note

Especially during
adolescence

More common in adlts,
although empiric treatment
of asymptomatic GERD in
asthmatics does not seem
useful (68)

Asthma is more difficult to
control in obese patients
Food allergy is a rare trigger
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Children Adults Children Adults Children Adults
Obstructive spirometry FEV1/FVC ratio <70% (or below the FEVI/FVC ratio FEV1/FVC ratio FEVI/FVC ratio <70%
lower limit of normal ifthis value is <0.90 <0.75-0.80
available)
Bronchodilator reversibiity  Improvement in Improvement in Improvement in Improvement in Improvement in Improvement in
test FEV1 of 12% or FEV1 of 12% or FEV1 of 12% or FEV1 of 12% or FEV1 of 12% or FEV1 of 12% or
more more andincrease  more more and increase  more more and increase
in volume of in volume of in volume of
2200 ml or more 200ml or more 200 ml or more**
Peak expiratory flow Variabilty over 20% >13%* >10%" Variabity over 20%"**
variability
FeNO 35 ppb or more 40 ppb or more FENO >50 ppb has been associated 35 ppb or more 40 ppb or more
with a good short-term response to
ics
CHALLENGE TEST
Methacholine and histamine ~ /a PC20°: 8 mg/ml wa Fallin FEV1 of n/a ©20 8 mg/ml or
{both non-specific direct orless 20% or more with less®
broncho-provocation tests) standard dose
from baseline
Mannitol i i wa Fallin FEV1 of Fallin FEV1 15% or more at
15% or more from  cumulative dose of 635 mg
baseline, with
standard dose
Exercise challenge i i Fall in FEV1 of Fallin FEV1 of nfi i
>12% predicted,  >10% and
or PEF >15% >200ml from
baseline

Comparison between the different guidelines. n/a, not applicable; n/j, not included. *Calculated from twice-daily readings (best of each time): (HighestPEF-LowestPEF)/mean of the
day’s highest and lowest PEF, and averaged over 1-2 weeks. **School children using a threshold of 9% change. ***Monitor peak fiows for 24 weeks. °PC20: provocative concentration
of methacholine causing a 20% fall in FEV1.
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