Summary 
Asthma is a respiratory disease characterized by chronic inflammation affecting the entire bronchial tree, including both central and peripheral airways, as well as the lung parenchyma. Several studies published in recent years have highlighted the role of changes in the peripheral airways, commonly referred to as "small airway disease," in the clinical manifestation of asthma. However, there is a lack of evidence regarding the functional status of peripheral airways, including ventilation heterogeneity, in children with uncontrolled asthma and its exacerbations. Assessment of peripheral airway function in severe forms of asthma can provide valuable insights into their pathophysiology and significance in disease control. A better understanding of the role of small airways in the clinical presentation of asthma allows for more precise adjustment of inhalation therapy, particularly through the use of fine-particle aerosols that more effectively reach the peripheral airways. Targeting treatment to this location may improve therapy effectiveness, reduce symptom severity, and limit the risk of disease exacerbations. 
Despite the recognized significance of peripheral airways in the pathogenesis and clinical presentation of asthma, their functional assessment is often overlooked in routine diagnostic workups. Moreover, there is no consensus on the most appropriate functional technique for evaluating the status of peripheral airways in children with asthma. 
The objective of this dissertation was to assess the presence and severity of peripheral airways dysfunction in children with controlled and uncontrolled asthma, as well as during exacerbations, using various pulmonary function tests. These included body plethysmography, impulse oscillometry and multiple-breath inert gas washout. Additionally, the study aimed to evaluate the utility of peripheral airways parameters in monitoring disease control. 
A review of existing literature demonstrated that the inert gas washout is a valuable tool for assessing respiratory function in pediatric asthma patients. Due to its high sensitivity, multiple-breath inert gas washout is particularly useful for monitoring patients at early stages of the disease. In pediatric asthma patients, the presence of conductive ventilation heterogeneity was identified, which appears to be associated with both bronchial hyperresponsiveness and peripheral airways remodeling. Ventilation heterogeneity in the acinar zone is less common in children with asthma. However, study in adults with asthma provide evidence of its relationship to asthma severity and control. This indicates the important role of the acinar zone in clinical presentation of asthma. 
The second study focused on evaluating the functional status of peripheral airways in children with stable asthma and during exacerbations using body plethysmography, impulse oscillometry, and multiple-breath inert gas washout. The findings revealed significant dysfunction of the peripheral bronchi in children with stable asthma, which correlated with disease severity. Children experiencing asthma exacerbations exhibited ventilation heterogeneity of both the peripheral bronchi and the acinar zone. The study concluded that active inflammation affecting the entire peripheral airways, including both conductive and acinar regions, plays a significant role in asthma exacerbations. 
The third study aimed to assess the function of the peripheral airways in children with uncontrolled asthma and utility of specific functional parameters in monitoring asthma control in children using body plethysmography, impulse oscillometry, and multiple-breath inert gas washout. The results of the study showed that children with unstable asthma had more pronounced dysfunction of the peripheral airways than children with stable asthma. The results indicated that the most sensitive marker for identifying uncontrolled asthma was acinar ventilation heterogeneity, as assessed by multiple-breath inert gas washout. In contrast, the most specific parameters were the resonant frequency measured by oscillometry and the lung clearance index measured by multiple-breath inert gas washout. Consequently, it was concluded that in children with asthma, the presence of acinar ventilation inhomogeneity suggests poor symptom control, whereas normal resonance frequency and lung clearance index values indicate stable disease. 
This study confirmed the significance of peripheral airway dysfunction in the clinical manifestation of asthma in children. Functional disturbances in this region of the lung correlate with disease severity and control. During exacerbations, the presence of conductive ventilation heterogeneity and abnormal ventilation distribution in the alveolar zone was evident. Among the evaluated functional measures, the most useful parameters for identifying patients with uncontrolled asthma were determined. The use of various pulmonary function techniques enabled a comprehensive assessment of the respiratory system and facilitated a comparison of these methods in terms of their clinical utility in pediatric asthma evaluation. 

These findings provide a foundation for optimizing diagnostic and therapeutic strategies for pediatric asthma, potentially improving disease management and patient outcomes.
