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A randomized, double-blind trial of the effect of anti-asthma treatment on lung function in children with asthma
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Background: Pulmonary function tests (PFTs) and especially spirometry measures are useful tools in evaluating early response to treatment of asthma in children mainly due to their worldwide availability. The aim of our study was to determine the effects of anti-asthma treatment in children, equally on FEV 1 , FEF25-75%, Rint and SRaw values. Methods: Children 6-18 years of age with moderate atopic asthma were randomized to 4week, placebo-controlled, double-blind trial. Patients were randomly allocated to receive 200 µg budesonide (B) (n=29), 5 or 10 mg (according to age) montelukast (M) (n = 29), 200 µg B + 5 or 10 mg M (n = 29), 200 µg B + 9 µg formoterol (F) (n=29) or placebo (n = 27). FEV 1, FEF25-75%, Rint, SRaw were measured before and after treatment.

Results: Rint, SRaw, FEV 1 improved significantly in all active treatment groups while FEF25-75% improved significantly only in BM group and M group. Combination therapy, showed significantly greater effects on Rint than monotherapy: BM group compared to B group (P =0.01) and M group (P =0.03) and BF group compared to B group (P =0.01) and M group (P =0.04).

Conclusion:

This study shows that using single parameter for monitoring asthma can be misleading. Using combination of lung function techniques provides better assessment of treatment. Results of our study confirm this hypothesis. The best effect on large and small airways was achieved with combined anti-inflammatory therapy.

Asthma is one of the most common chronic disease worldwide, imposing a substantial social burden on both children and adults [START_REF]Global Strategy for Asthma Management and Prevention[END_REF]. Normal lung function is one of the goals of asthma management [START_REF]Global Strategy for Asthma Management and Prevention[END_REF].

Symptom scores (SSc) and pulmonary function tests (PFTs) determine asthma severity and medication requirements [START_REF]Global Strategy for Asthma Management and Prevention[END_REF]. Exacerbation rates, frequency of daytime and nocturnal symptoms, and caregiver assessments of quality of life can be useful measures in evaluating outcomes in children with asthma [START_REF] Skoner | Outcome Measures in Childhood Asthma[END_REF][START_REF] Sharek | Agreement among measures of asthma status: a prospective study of low-income children with moderate to severe asthma[END_REF]. PFTs and especially spirometry measures are useful tools in evaluating early response to treatment of asthma in children mainly due to their worldwide availability. What needs to be kept in mind, especially in assessing early treatment effect of allergic inflammation in children with asthma, is that SSc and spirometry measures have also limitations, mainly their subjectivity (SSc), wide variabiliby, and lack of stability in short time period (SSc and FEV 1 ). Spirometry measures posess other disadvantages, like the influence of forced maneuvers on airway tone, requiring child cooperation and, even in symptomatic children, being often within the normal range [START_REF] Black | Assessment of airway function in young children with asthma: comparison of spirometry, interrupter technique, and tidal flow by inductance plethsmography[END_REF].

Additional PFTs such as resistance by the interrupter technique (Rint), plethysmography seem to be helpful additional tools evaluating early treatment effect of allergic inflammation in children with asthma. They assess airway resistances during quiet breathing, do not require active cooperation from children. It was shown that specific airway resistance (SRaw), Rint but not forced expiratory volume in one second (FEV 1 ) detected the subclinical increase in bronchial muscle tone in children [START_REF] Davis | Neonatal and pediatric respiratory diagnostics[END_REF]. It was revealed that, even in healthy children, salbutamol inhalation reduces the value of SRaw suggesting that plethysmography [START_REF] Hellinckx | Bronchodilator response in 3-6,5 yeras old healthy and stable asthmatic children[END_REF] can detect minimal changes in airway caliber [START_REF] Malmberg | Determinants of respiratory system input impedance and bronchodilator response in healthy Finnish preschool children[END_REF]. From the studies reported to date some authors
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A c c e p t e d m a n u s c r i p t [START_REF] Sly | Measurement of lung function in preschool children using the interrupter technique[END_REF][START_REF] Bisgaard | Lung function measurement in awake young children[END_REF] have confidence that Rint and SRaw are clinically useful, may precisely follow changes in lung function with growth and development and be used to manage lung disease in children, despite some reservations like questioning its repeatability. The interrupter technique has been shown to have a good short term repeatability (over a time span of minutes) in children [START_REF] Sly | Measurement of lung function in preschool children using the interrupter technique[END_REF]. Greater long term variability between measurements was found in children with persistent cough or previous wheeze [START_REF] Sly | Measurement of lung function in preschool children using the interrupter technique[END_REF], which suggests that the lower long term repeatability in symptomatic children might be due to the variability of the disease rather than the variability of the technique. On the other hand poor stability and wide variability of FEV 1 in many studies was observed [START_REF] Nakaie | A comparative study of clinical score and lung function tests in the classification of asthma by severity of disease[END_REF]11], suggesting the need of additional lung function tests usage that could accompany spirometry in studies of treatment monitoring in children with asthma.

Regular anti-asthma treatment with inhaled glucocorticosteroids improves lung function [START_REF] Bousquet | Comparison of roflumilast, an oral anti-inflammatory, with beclomethasone dipropionate in the treatment of persistent asthma[END_REF],

prevents bronchoconstriction, decreases symptoms, reduces asthma exacerbation [START_REF] Bjermer | Montelukast and fluticasone compared with salmeterol and fluticasone in protecting against asthma exacerbation in adults: one year, double blind, randomized, comparative trial[END_REF]. There is evidence that leukotriene modifiers used as add-on therapy reduce the dose of inhaled glucocorticosteroids in moderate to severe asthma, and may improve asthma control in patients whose asthma is not controlled with low or high doses of inhaled glucocorticosteroids alone [START_REF] Riccioni | Comparison of montelukast and budesonide on bronchial reactivity in subjects with mild-moderate persistent asthma[END_REF][START_REF] Virchow | Zafirlukast improves asthma control in patients receiving high-dose inhaled corticosteroids[END_REF][START_REF] Price | Clinical Outcomes with Montelukast as a Partner Agent to Corticosteroid Therapy (COMPACT) International Study Group. Randomised controlled trial of montelukast plus inhaled budesonide versus double dose inhaled budesonide in adult patients with asthma[END_REF][17]. Some authors demonstrate equivalent effects of long-acting inhaled β2agonists and leukotriene modifiers as add-on therapy on asthma exacerbations [START_REF] Bjermer | Montelukast and fluticasone compared with salmeterol and fluticasone in protecting against asthma exacerbation in adults: one year, double blind, randomized, comparative trial[END_REF]. However, recent findings of Bisgaard [START_REF] Bisgaard | Effect of long-acting beta2 agonists on exacerbation rates of asthma in children[END_REF] and Ni [START_REF] Ni | Addition of inhaled long-acting beta2-agonists to inhaled steroids as first line therapy for persistent asthma in steroid-naive adults[END_REF] showed the lack of evidence for the control of asthma exacerbations in children regularly using long-acting inhaled β2-agonists and one of these studies [START_REF] Bisgaard | Effect of long-acting beta2 agonists on exacerbation rates of asthma in children[END_REF] has brought into question its general use as add-on therapy in children.

Different surveys also revealed insufficient monitoring of asthma and its treatment [START_REF] Rabe | Clinical management of asthma in 1999: the Asthma Insights and Reality in Europe (AIRE) study[END_REF][START_REF] Van Den Berg | What general practitioners and paediatricians think about their patients' asthma[END_REF][START_REF] Hanania | Revisiting asthma control: How should it best be defined?[END_REF].

Previous research indicates that lung function testing can provide a substantial insight into the outcome of asthma. However focusing on single parameter i.e. FEV 1 may underestimate bronchial obstruction [START_REF] Hanania | Revisiting asthma control: How should it best be defined?[END_REF], mainly because it reflects large and medium-size airway function
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A c c e p t e d m a n u s c r i p t [START_REF] Eid | Can peak expiratory flow predict airflow obstruction in children with asthma?[END_REF]. Even though there is no direct parameter capable of assessing small airways, it has been assumed that the forced expiratory flow at the 25 and 75% of the pulmonary volume (FEF 25-75) might be considered as a measure of the caliber concerning distal airways [START_REF] Bjermer | Past and future perspectives in the asthma treatment[END_REF][START_REF] Ferguson | Persisting airway obstruction in asymptomatic children with asthma with normal peak expiratory flow rates[END_REF][START_REF] Bye | The importance of spirometry in the assessment of childhod asthma[END_REF],

where airflow limitation is mainly dependent on asthmatic inflammatory process intensity, not due to bronchial muscle constriction. Rint has been shown to measure fall in resistive pressure across the airways [START_REF] Sly | Measurement of lung function in preschool children using the interrupter technique[END_REF]. SRaw is the pletysmographic parameter which also measures total airway resistance (sRaw=Thoracic gas volume x Absolute airway resistance) [START_REF] Olaguibel | Comparative analysis of the bronchodilator response measured by impulse oscillometry (IOS), spirometry and body plethysmography in asthmatic children[END_REF][START_REF] Larsen | Assessing respiratory function in young children:Developmental considerations[END_REF].

That is why Rint and SRaw measures are thought to precisely assess resistances across all the airways, where airflow limitation is dependent on all pathological features of asthma, including bronchial smooth muscle constriction and hypertrophy [START_REF]Global Strategy for Asthma Management and Prevention[END_REF][START_REF] Sly | Measurement of lung function in preschool children using the interrupter technique[END_REF][START_REF] Larsen | Assessing respiratory function in young children:Developmental considerations[END_REF].

Thus, measurement of all above parameters together, may reflect airway changes in asthmatic children in the best way and optimally assess the effect of treatment.

The aim of this study was to determine the effects of anti-asthma treatment on measurement of FEV 1 , FEF25-75%, Rint and SRaw values in children with moderate atopic asthma.

Patients and methods

Patients

Participants in the 8-week study comprised of 150 children with a typical history of moderate Diagnosis of asthma was established by symptoms of asthma and improvement in the prebronchodilator FEV 1 of ≥15% after administration of salbutamol (200µg). We defined moderate persistent asthma according to established guidelines [START_REF]Global Strategy for Asthma Management and Prevention[END_REF]. During the previous 6 months, before the study, all patients had been treated with inhaled steroids (budesonide, average dose 400 µg /day) and with long-acting bronchodilator (formoterol, 0.012 mg twice daily). Antihistamines (loratadine, 10 mg daily), nasal steroids (budesonide, 0.05 mg daily), and nasal nedocromil (nedocromil sodium, 2.6 mg four times daily) were also used. Asthma was stable in all patients, there had been no exacerbations of disease or need for other treatment for 6 months, and no hospitalisations due to asthma occured in the previous 6 months before the study.

For the purposes of the study skin prick tests (Nexter-Allergopharma, Germany) to standard allergen extracts were performed; a mean wheal diameter ≥3 mm at 15 min was defined as a positive response. Serum-specific IgE levels were measured by using a Pharmacia CAP kit (Uppsala, Sweden); >0.7 kU/L were defined as positive. Subjects were recruited from our Clinic Center.

Inclusion Criteria

Male and female outpatients, aged 6 to 18 with a clinical diagnosis of bronchial asthma with a duration of at least 6 months before the first visit and with current history of moderate persistent asthma, were enrolled. To become eligible for the active treatment period, patients and their parents were required to do reproducible spirometry, whole body pletysmography and interrupter technique.

Exclusion Criteria

Study exclusions included active upper respiratory tract infection within 3 weeks before the study and acute sinus disease requiring antibiotic treatment within 1 month before the study, previous intubation, or asthma hospitalisation during the 3 months before the first visit.

Additional criteria were other clinically significant pulmonary, hematologic, hepatic, gastrointestinal, renal, endocrine, neurologic, cardiovascular, and/or psychiatric diseases or malignancy that either put the patient at risk when participating in the study or could influence the results of the study or the patient's ability to participate in the study as judged by the
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investigator. Excluded medications were β-blockers (eye drops included), astemizole within 3 months, or oral corticosteroids within 1 month before the first visit. Patients who were receiving immunotherapy were also excluded.

Study Design

A schema showing the flow of subjects through the trial is shown in Figure 1. The study was conducted fom April to October, when the exposure to dust mites was at the constant level.

This was a randomized, double-blinded, placebo-controlled trial comparing the effect of budesonide, montelukast, budesonide with montelukast, budesonide with formoterol and matching placebo. We measured PFTs such as FEF25-75%, Rint, SRaw and FEV 1 before and after treatment. Children 6-14 years received 5 mg of montelukast (Singulair, MSD, Whitehouse Station, NJ, USA) and children > 14 years old received 10mg oral tablet once daily at bedtime. Budesonide (Pulmicort turbuhaler, AstraZeneca, UK) was administered 200 µg per day, formoterol (Oxis turbuhaler, AstraZeneca, UK) was administered 9 µg per day.

Montelukast, placebo, turbuhalers containing drug or no drug were blinded by the hospital pharmacy.

There were three study visits. At the first visit, long acting β2-agonists, steroids, nasal cromolyn, and antihistamines were stopped, and patients were put on inhaled β2-agonist, (Ventolin, GlaxoSmithKline, USA) 100 µg/dose 'as needed' for symptomatic relief purposes.

They were informed of the aim of the study and were told how to use the inhalers. At the second visit, 4 weeks after the first visit, patients were randomized according to a computergenerated allocation schedule for anti-asthma treatment with:

• budesonide, montelukast placebo, formoterol placebo (29 patients) -budesonide group

• montelukast, formoterol placebo, budesonide placebo (29 patients) -montelukast group

• budesonide, montelukast, formoterol placebo (29 patients) -budesonide with montelukast performed. This always took place at the same time of day (11 a. m.) and on the same day of the week. Before lung function tesing all drugs were witheld for 24 hours. The measurements of FEF25-75%, FEV 1 , Rint and SRaw, were recorded at visit two and three.

Lung function measurements

Pulmonary function testing was done with a LUNGTEST 1000 unit (MES, Cracov, Poland). 

and FEF25-75%

A spirometer was used to measure FEV 1 and FEF25-75%. The tests were performed according to American Thoracic Society standards [START_REF] Crapo | Standardization of Spirometry, 1994 Update. American Thoracic Society[END_REF]. The highest of three successful measurements was taken. The results were expressed as percentage of change from baseline.

SRaw

Measurements were made during tidal breathing. SRaw was measured in a constant-pressure, whole-body plethysmograph as the relationship between simultaneous variations in respiratory flow and maximum changes in plethysmographic pressure during inspiration and expiration. SRaw was calculated from the S-shaped resistance loops presented graphically by the computer connected with the plethysmograph. The relationship between flow and pressure was displayed on-line. The measurement was rejected if any alteration in the shape of the resistance loops was seen, since this could reflect face mask leakage, coughing, swallowing, or vocalization. Compensation for body temperature, barometric pressure, and water vaporsaturated (BTPS) conditions was done electronically [START_REF] Klug | Measurement of the specific airway resistance by plethysmography in young children accompanied by an adult[END_REF]. The respiratory rate was 30 to 45 breaths/min. The mean value of three sequential measurements of SRaw was used as the result. The results were expressed as percentage of change from baseline.

Rint

Measurements were carried out using the LUNGTEST 1000 Unit, device including a shutter owing to air leakage or altered ventilation pattern and were discarded as well [START_REF] Merkus | Interrupter resistance in preschool children: measurement characteristics and reference values[END_REF]. The mean value of five consecutive measurements was used as the result. The results were expressed as percentage of change from baseline.

Statistical methods.

The results were analyzed according to well known statistical methods by using StatSoft Statistica for Windows, release 6.0 (StatSoft, Inc., Tulsa, USA). Data was presented as mean with standard error (SEM) or standard deviation (SD) (for demographic data). Before analysis all parameters were logarytmically transformed to the normal distribution. To determined differences within groups Student's t-test was used. To compare changes with treatment between groups all parameters were analyzed using analysis of variance (ANOVA) for repeated measures. P-values < 0.05 were considered to be significant.

Ethics

This study was approved by the Medical Ethics Committee of the Medical University. All parents or guardians gave their written consent for participation in this study. The families
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were fully informed that treatment withdrawal during wash-out period might result in a significant exacerbation of asthma and they were given a specific plan to manage any exacerbation that might occurre.

Results

One hundred and forty three subjects completed the study, [START_REF] Phh | Standardisation of lung function tests. 1993 Update. Report Working Party for the European Community for Steel and Coal[END_REF] Lung function was significantly improved after 4 weeks of treatment with budesonide, montelukast, budesonide with montelukast, and budesonide with formoterol and it was reflected by Rint, SRaw and FEV 1 within groups and compared to placebo at the endpoint after 4 weeks of treatment (Table 2).

Rint, SRaw and FEV 1 improved during active treatment period and deteriorated during administration of placebo (Table 2, Figure 2).

Additionally it was found that FEF25-75% values improved significantly after 4 weeks of
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treatment with montelukast and budesonide with montelukast within groups and compared to placebo (Table 2, Figure 3).

Analysis of variance (ANOVA) showed no significant differences between active treatment groups in changes of SRaw and FEV 1 . However, we found significant difference between active treatment groups in Rint (Figure 2). Rint improved more significantly in budesonide with montelukast group compared to budesonide group (P=0.01) and compared to montelukast group (P=0.03). Also in budesonide with formoterol group compared to budesonide group (P=0.01) and compared to montelukast group (P=0.04), Rint improved more significantly.

Discussion

This is the first trial using measurement of FEV 1 , FEF25-75%, Rint and SRaw after the different therapeutic combinations for the management of childhood asthma. There have been many studies on this topic, however, none of them used the combination of various techniques to differentiate central and peripheral airway obstruction. In previous studies, rather single drug treatment effect on lung resistance parameters was assessed [START_REF] Bisgaard | Bronchoprotection with a leukotriene receptor antagonist in asthmatic preschool children[END_REF][START_REF] Von Berg | Formoterol and salbutamol metered aerosols: comparison of a new and an established beta-2-agonist for their bronchodilating efficacy in the treatment of childhood bronchial asthma[END_REF][START_REF] Kozlik-Feldmann | Long-term effects of formoterol and salbutamol on bronchial hyperreactivity and beta-adrenoceptor density on lymphocytes in children with bronchial asthma[END_REF][START_REF] Pao | Randomized controlled trial of fluticasone in preschool children with intermittent wheeze[END_REF][START_REF] Nielsen | Bronchodilation and bronchoprotection in asthmatic preschool children from formoterol administered by mechanically actuated dry-powder inhaler and spacer[END_REF].

Our study showed that budesonide, montelukast, budesonide with montelukast, and budesonide with formoterol significantly improved lung function based on FEV 1 , Rint and SRaw values after four weeks of treatment. We also showed that monotherapy with montelukast and montelukast combined with budesonide increased FEF25-75% confirming that montelukast improved the airflow in small airways in our patients. According to the Rint results, we demonstrated that combination therapy showed significantly greater effects than monotherapy across the airways (on large and small airways).

Although prior to the study all patients had been treated with budesonide and formoterol in doses higher than that of the study period, because of the fact that asthma was stable at least
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from six months, we were able to modify treatment.

The present study was explorative and the low dose of budesonide was chosen with a view towards not overlooking any possible effect of other studied drugs on lung function. This low dose of budesonide was chosen to compare it favourably with the effects of montelukast. The justification for using montelukast alone for the therapy of moderate persistent asthma is to assess the single effect of montelukast on lung function in children.

There are many data showing significant improvement in lung function (based on FEV 1 or/and PEF results) in children with asthma treated with anti-leukotrienes [START_REF] Szefler | Characterization of within-subject responses to fluticasone and montelukast in childhood asthma[END_REF][START_REF] Stelmach | A randomized, double-blind trial of the effect of treatment with montelukast on bronchial hyperresponsiveness and serum eosinophilic cationic protein (ECP), soluble interleukin 2 receptor (sIL-2R), IL-4, and soluble intercellular adhesion molecule 1 (sICAM-1) in children with asthma[END_REF] inhaled steroids [START_REF] Szefler | Characterization of within-subject responses to fluticasone and montelukast in childhood asthma[END_REF][START_REF] O'byrne | Effects of montelukast (MK-0476); a potent cysteinyl leukotriene receptor antagonist, on bronchodilation in asthmatic subjects treated with and without inhaled corticosteroids[END_REF], anti-leukotrienes with inhaled steroids [42], long acting β2-mimetics with inhaled steroids [START_REF] Tal | Budesonide/formoterol in a single inhaler versus inhaled corticosteroids alone in the treatment of asthma[END_REF]. Nevertheless, there is limited data showing an efficacy of treatment based on FEF25-75%, SRaw and Rint measurements in children with asthma.

While currently glucocorticosteroids remains the reference drug as a controller in moderate persistent asthma, the study data demonstrated that administration of montelukast provided an important and additional effect on peripheral airways function in children. Moderate improvements in lung function, by means of spirometric measurements (in children 6 and older) and in asthma control (in children 2 and older) have been demonstrated with leukotriene receptor antagonist monotherapy in patients with severe and moderate disease [START_REF] Stelmach | A randomized, double-blind trial of the effect of treatment with montelukast on bronchial hyperresponsiveness and serum eosinophilic cationic protein (ECP), soluble interleukin 2 receptor (sIL-2R), IL-4, and soluble intercellular adhesion molecule 1 (sICAM-1) in children with asthma[END_REF][START_REF] Stelmach | The effect of treatment with montelukast on in vitro interleukin-10 production of mononuclear cells of children with asthma[END_REF][START_REF] Knorr | Montelukast for chronic asthma in 6-to 14-year-old children: a randomized, double-blind trial. Pediatric Montelukast Study Group[END_REF]. In his latest cross-over study Szefler et al. showed that phenotype of children with mild-to-moderate asthma, with normal pulmonary function and low levels of markers associated with allergic inflammation could receive montelukast as initial therapy with an assessment in response [START_REF] Szefler | Characterization of within-subject responses to fluticasone and montelukast in childhood asthma[END_REF]. However, some severe asthmatics could be particularly sensitive to the positive effects of montelukast [START_REF] Tonelli | Short-term effect of the addition of leukotriene receptor antagonists to the current therapy in severe asthmatics[END_REF].

In our study we revealed that children treated with montelukast, either in monotherapy or in small airways measured by impulse oscillometry in children but there was no effect on FEF25-75% parameter [START_REF] Nieto | Montelukast improves pulmonary function measured by impulse oscillometry in children with asthma (Mio study)[END_REF]. Only one study in adults with moderate persistent asthma revealed that montelukast in combination with salmeterol improved FEF25-75% after 2 weeks of treatment [START_REF] Currie | A proof of concept study to evaluate putative benefits of montelukast in moderate persistent asthmatics[END_REF]. Results of the two studies in children with asthma revealed that also budesonide monotherapy significantly improves FEF25-75% values [START_REF] Cengizlier | Circulating ICAM-1 levels in bronchial asthma and the effect of inhaled corticosteroids[END_REF][START_REF] Shapiro | Once-daily budesonide inhalation powder (Pulmicort Turbuhaler) maintains pulmonary function and symptoms of asthmatic children previously receiving inhaled corticosteroids[END_REF].

SRaw and Rint values were used to assess efficacy of treatment with budesonide [START_REF] Nielsen | The effect of inhaled budesonide on symptoms, lung function, and cold air and methacholine responsiveness in 2-to 5-year-old asthmatic children[END_REF],

montelukast [START_REF] Bisgaard | Bronchoprotection with a leukotriene receptor antagonist in asthmatic preschool children[END_REF][START_REF] Spahn | Effect of montelukast on peripheral airflow obstruction in children with asthma[END_REF], formoterol [START_REF] Von Berg | Formoterol and salbutamol metered aerosols: comparison of a new and an established beta-2-agonist for their bronchodilating efficacy in the treatment of childhood bronchial asthma[END_REF][START_REF] Kozlik-Feldmann | Long-term effects of formoterol and salbutamol on bronchial hyperreactivity and beta-adrenoceptor density on lymphocytes in children with bronchial asthma[END_REF], salmeterol [START_REF] Tomac | Efficacy of salmeterol in the treatment of childhood asthma[END_REF], and fluticasone [START_REF] Pao | Randomized controlled trial of fluticasone in preschool children with intermittent wheeze[END_REF] in children with asthma. Study of Tomac et al. showed high efficacy of salmeterol administered for four weeks together with corticosteroid and disodium cromoglycate maintenance treatment by improving airway resistance and conductance [START_REF] Spahn | Effect of montelukast on peripheral airflow obstruction in children with asthma[END_REF]. In our study we also revealed significant decrease of SRaw together with Rint values within group of children treated with budesonide with formoterol. The effect of treatment on SRaw with one dose of formoterol was investigated and compared with one dose of salbutamol by Von Berg et al [START_REF] Von Berg | Formoterol and salbutamol metered aerosols: comparison of a new and an established beta-2-agonist for their bronchodilating efficacy in the treatment of childhood bronchial asthma[END_REF]. In this study formoterol produced a larger decrease in SRaw from baseline for longer periods after inhalation than did salbutamol, what was observed also in other study [START_REF] Nielsen | Bronchodilation and bronchoprotection in asthmatic preschool children from formoterol administered by mechanically actuated dry-powder inhaler and spacer[END_REF].

Study of Nielsen and Bisgaard revealed that Rint but not SRaw improved during treatment with budesonide in preschool children with asthma [START_REF] Nielsen | The effect of inhaled budesonide on symptoms, lung function, and cold air and methacholine responsiveness in 2-to 5-year-old asthmatic children[END_REF]. Also results of study of Pao and

McKenzie outline the improvement in Rint after treatment with fluticasone in younger wheezy children sensitized to common aeroallergens [START_REF] Pao | Randomized controlled trial of fluticasone in preschool children with intermittent wheeze[END_REF]. In our study we observed significant improvement of Rint and SRaw after treatment with 200 µg of budesonide. However we demonstrated that addition of montelukast or formoterol to budesonide therapy was associated with significantly greater improvements in Rint. Rint perform better than SRaw in terms of discriminating responses in the groups that received some form of chronic anti-inflammatory therapy. The basic assumption underlying the interrupter technique is that, following an instantaneous interruption of airflow at the airway opening (by closing a valve or shutter), there is an instantaneous equilibration of pressure between the alveoli and the airway opening (behind the occlusion) [START_REF] Sly | Measurement of lung function in preschool children using the interrupter technique[END_REF]. Rint has been shown to measure fall in resistive pressure across the airways, and includes also all Newtonian resistance from the respiratory system including components from the pulmonary tissues and chest wall [START_REF] Sly | Measurement of lung function in preschool children using the interrupter technique[END_REF], while SRaw concentrates specifically on airway resistance measurement [START_REF] Larsen | Assessing respiratory function in young children:Developmental considerations[END_REF]. We can speculate that the difference between the spectrum of these two measurements was responsible for greater significant improvement in Rint value in comparison with SRaw value after both combined therapies in our study.

In our study the lung function parameters in the active treatment groups improved compared to a deterioration in the placebo group. This certainly underscores the importance of objective monitoring of lung function in children with asthma. All patients from our study groups were able to easily perform all manouvers required for PFTs studied.

The aim of our study was to determine effect of anti-asthma treatment in children, equally on FEV 1 , FEF25-75%, Rint and SRaw values. There is no one single lung function parameter nor comparison as primary outcome in this study; there are four different treatment groups. In this case it did not allow us to adequately estimate power and sample size for our study.

This study shows that using single parameter for monitoring asthma can be misleading. Using combination of lung function techniques provides better assessment of treatment. Results of our study confirm this hypothesis. The best effect on large and small airways was achieved 

  asthma who were sensitive to house dust mites as shown by positive skin-prick tests and by the presence of specific IgE to Dermatophagoides pteronyssimus or Dermatophagoides farinae (41 patients positive to Dermatophagoides pteronyssimus, 54 patients positive to Dermatophagoides farinae and 55 patients positive to both D. pteronyssimus and D. farinae).
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  s c r i p t group • budesonide, formoterol, montelukast placebo (29 patients) -budesonide with formoterol group • montelukast placebo, formoterol placebo, budesonide placebo (27 patients) -placebo group At visit two and three spirometry, whole body pletysmography and interrupter technique were

Flow

  and volume were measured with a pressure-screen-type pneumotachograph, calibrated daily. All measurements were performed by trained investigators. The sequence of measurements was Rint, whole body plethysmography and spirometry. Measurements were carried out in a familiar and quiet room. Standing height and weight were assessed: subjects were measured without shoes, wearing light summer clothing. During measurements, children were instructed to sit upright, and a nose clip and a noncompressible mouthpiece were used. When needed, an adult accompanied the subject during testing. Predicted values for all lung function variables were based on a previous study of healthy controls, provided by the lung function test equipment manufacturer [29, 30]. Mean relative change normalizes lung function improvement over a wide of baseline lung function and was defined as: PFT at the end of the study -PFT at the start PFT at the start x 100% PFT: pulmonary function test
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  and pneumotachograph, connected to computer with an online display showing mouth pressure, time of shutter closure and Rint values recorded during one session. Its software calculates Rint using the back extrapolation technique to t = 15 ms after shutter closure during 100 ms. Measurements were made during tidal breathing. The position of the pneumotachograph with Rint was adjusted on a support arm to facilitate unobstructed breathing. The functioning of the shutter was demonstrated once to make children familiar with the sound. A number of 5 correct tracings was then obtained for the expiratory maneuver. During this period the cheeks and chin were supported from behind by the observer, the head was positioned in slight extension. Shutter closure was programmed at maximal expiratory tidal flow. Thus, Rint values are obtained at or near midexpiration, minimizing the breath-to-breath variation in inflation level and hence on Raw. Timing of the shutter closure (at the peak of flow) can be checked on the display. Tracings were inspected immediately after the measurement in the presence of the child. Rejection criteria were: tachypnea, usage of the vocal cords, extreme neck flexion or extension, leakage of the mouthpiece. Tracings not showing the timing of the shutter closure were discarded; tracings with a horizontal or declining pressure signal after shutter closure were considered artifacts
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  combined therapy with budesonide demonstrate increase in FEF25-75% values after four weeks of treatment. This suggests that systemic drugs -like oral montelukast -can reach lower airways, whose inflammation plays a crucial role in the evolution of asthma, while inhaled drugs hardly reach them. Study of Nieto et al. showed good effect of montelukast on
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Table 1

 1 Patients baseline characteristics. Data is presented as mean and standard error mean.

	Definition of abbreviations: NS= not statistically significant; %
	pred.=percentage of predicted value

Table 2

 2 Effect of treatment with budesonide, montelukast, budesonide with montelukast, budesonide with formoterol, placebo on FEV1, FEF25-75%, SRaw and Rint. Values are expressed as means with standard error mean (SEM).Definition of abbreviations: FEV 1 =forced expiratory volume in one second; FEF25-75%=forced expiratory flow between 25% and 75% of the vital capacity; SRaw=specific airway resistance; Rint=resistance by the interrupter technique; % pred.= percentage of predicted value.

This study was funded by grant 503-207-1 and 503-2056-