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Abstract 

This article examines the clinical-pharmacological principles of bronchodilator 

therapy in bronchial asthma, focusing on the mechanisms of drug action, patient-

specific considerations, rational prescription strategies, and safety monitoring. A 

detailed comparative analysis of short-acting beta-agonists (SABA), long-acting beta-

agonists (LABA), anticholinergics, methylxanthines, and combination therapies is 

provided. Special attention is given to evidence-based approaches, international 

clinical guidelines, and recent pharmacological advances aimed at optimizing 

individualized asthma management. The article also evaluates risks, benefits, and 

therapeutic outcomes associated with bronchodilator use, with examples from 

advanced international clinical practice. 
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INTRОDUСTIОN 

Bronchial asthma remains one of the most prevalent chronic respiratory disorders 

worldwide, and bronchodilators play a fundamental role in its pharmacotherapeutic 

management. From a clinical-pharmacological viewpoint, bronchodilators do not 

simply relieve airway obstruction; they serve as modulators of smooth muscle tone, 

mucociliary function, and airway hyperresponsiveness. Therefore, understanding 

their pharmacodynamics and pharmacokinetics is essential for safe and rational use 

in both acute and long-term asthma control [1]. 

The first category of bronchodilators—short-acting beta-2 agonists (SABA) such as 

salbutamol and terbutaline—remains indispensable in the relief of acute 

bronchoconstriction. Their rapid onset of action (within minutes) and short 

elimination half-life make them ideal for emergency use. However, clinical 

pharmacologists emphasize the danger of SABA overuse, which may reflect poor 

disease control and lead to beta-receptor downregulation, arrhythmias, hypokalemia, 

and increased mortality risk [2]. Therefore, SABA should be used strictly as a rescue 

medication, and frequent need for SABA should trigger a review of the patient’s 

controller therapy. 
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MАTЕRIАLS АND MЕTHОDS 

In contrast, long-acting beta-2 agonists (LABA)—including formoterol and 

salmeterol—exert a prolonged bronchodilator effect of at least 12 hours. Their unique 

pharmacological profiles make them appropriate for maintenance therapy but never 

for monotherapy, as LABA alone increases the risk of asthma-related complications. 

Clinical guidelines from advanced healthcare systems (UK NICE, US NHLBI, 

European ERS/ATS) strongly recommend combining LABA with inhaled 

corticosteroids (ICS) to reduce airway inflammation and prevent tolerance 

development [3]. In countries such as Germany and Canada, the use of ICS/LABA 

fixed combinations has significantly reduced hospital admissions and exacerbation 

rates, demonstrating the importance of evidence-based prescribing strategies [4]. 

Another essential pharmacological class is anticholinergic agents, particularly short-

acting bronchodilators such as ipratropium bromide and long-acting muscarinic 

antagonists (LAMA) such as tiotropium. These agents act by blocking muscarinic 

receptors in the bronchial smooth muscles, thereby preventing vagally mediated 

bronchoconstriction. Tiotropium, for example, has become a valuable add-on therapy 

for patients with moderate-to-severe asthma, especially those who do not achieve 

adequate control with ICS/LABA combinations. Clinical research shows that 

tiotropium improves forced expiratory volume (FEV1), reduces exacerbations, and 

enhances quality of life in patients with persistent airway obstruction [5]. 

Methylxanthines, particularly theophylline, represent an older class of 

bronchodilators, but they still hold clinical relevance in resource-limited settings. 

Their bronchodilator action is achieved through phosphodiesterase inhibition and 

adenosine receptor antagonism. However, their narrow therapeutic index requires 

careful serum concentration monitoring. Clinical data indicate that theophylline can 

increase diaphragmatic contractility and improve mucociliary clearance, but its side-

effect profile—tachycardia, arrhythmias, seizures, gastrointestinal discomfort—

necessitates cautious use and individualized dosing [6]. 

 

RЕSULTS АND DISСUSSIОN 

In the last decade, innovative pharmacological approaches have emerged. Ultra-long-

acting bronchodilators such as indacaterol and vilanterol offer once-daily dosing, 

improved adherence, and stable bronchodilation. In advanced clinical settings such as 

Japan, South Korea, and Western Europe, combination inhalers including 

ICS/LABA/LAMA—known as triple therapy—have shown superior outcomes in severe 

asthma phenotypes. These treatments are especially beneficial in patients with 

eosinophilic inflammation, frequent exacerbations, or fixed airway remodeling. 
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A clinical-pharmacological perspective also emphasizes the importance of 

pharmacokinetic variations among different patient groups. Children metabolize 

bronchodilators more rapidly, necessitating weight-adjusted dosing. Elderly patients, 

however, are more susceptible to cardiac side effects due to comorbidities and 

polypharmacy. Genetic differences, such as polymorphisms in the ADRB2 gene, may 

affect patient responsiveness to beta-agonists, leading to a need for precision 

medicine-based adjustments in therapy. 

Another critical aspect is drug–drug interactions, especially in polypharmacy 

contexts. For example, co-administration of theophylline with macrolide antibiotics 

or fluoroquinolones increases the risk of theophylline toxicity, whereas beta-agonists 

combined with diuretics can exacerbate hypokalemia. A rational pharmacological 

approach requires continuous monitoring, patient education, and adherence 

assessment. 

Furthermore, international experience shows that optimal asthma management 

depends not only on rational drug selection but also on delivery technique. Studies 

conducted in the United Kingdom and Australia demonstrate that up to 40–60% of 

patients misuse inhalers, resulting in reduced drug deposition in the lungs and poor 

clinical outcomes. Therefore, training patients in correct inhalation techniques is 

considered a pharmacological intervention in itself, increasing drug bioavailability 

and therapeutic efficacy [7]. 

The clinical pharmacological management of bronchial asthma increasingly relies on 

a deep understanding of how bronchodilator drugs act at molecular, cellular, and 

systemic levels. In recent decades, treatment strategies have shifted from simply 

relieving acute bronchospasm to implementing long-term control programs based on 

the patient’s phenotype, inflammatory profile, and comorbid conditions [1]. This 

evolution requires not only correct drug selection but also a rational, individualized 

approach grounded in pharmacokinetic and pharmacodynamic principles. 

One of the important dimensions in the rational use of bronchodilators is the 

recognition of variability in drug response among patients. Genetic differences in β₂-

adrenergic receptor expression, enzyme activity (particularly CYP450 variants), and 

receptor desensitization rates significantly influence treatment outcomes. For 

example, some patients respond robustly to short-acting β₂-agonists (SABA), while 

others exhibit rapid tachyphylaxis due to receptor downregulation. Understanding 

these mechanisms enables clinicians to personalize therapy, preventing excessive 

SABA reliance and shifting patients to long-acting bronchodilators or inhaled 

corticosteroid combinations when needed [2]. 
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The clinical environment also demands careful assessment of drug–device 

compatibility, as improper inhalation technique remains one of the leading reasons 

for treatment inefficacy worldwide. Studies conducted in the UK, Germany, and Japan 

show that up to 60% of asthma patients misuse inhalers, reducing drug deposition in 

the lower airways. Rational pharmacological practice therefore includes structured 

education, demonstration of correct inhalation technique, periodic reassessment, and 

choosing a device that matches the patient's age, motor skills, and cognitive abilities. 

This aspect is especially important for elderly individuals and children, where 

coordination challenges may require spacer use or nebulized therapy [3]. 

Furthermore, rational therapy must consider the timing and dosing regimen of 

bronchodilators. Long-acting β₂-agonists (LABA) should never be used as 

monotherapy due to the risk of fatal exacerbations; instead, international guidelines 

recommend combining LABA with inhaled corticosteroids (ICS). Clinicians must also 

evaluate the risk of cardiac side effects, including tachyarrhythmias and QT-interval 

prolongation, especially in patients with pre-existing cardiovascular disease. 

Anticholinergic bronchodilators provide effective alternatives for such individuals, 

with fewer cardiac effects and longer duration of action, making them indispensable 

in moderate-to-severe asthma management [4]. 

The rational use of bronchodilators also involves understanding environmental and 

lifestyle interactions that may reduce drug efficacy. Exposure to allergens, 

occupational irritants, tobacco smoke, and cold air can exacerbate bronchospasm and 

increase medication demand. In countries like the United States, Finland, and 

Australia, multidisciplinary asthma management programs integrate environmental 

control, physiotherapy, and digital monitoring systems (such as peak-flow tracking 

apps) to optimize drug effectiveness. Uzbekistan and other Central Asian regions have 

recently begun adopting similar patient-centered models, emphasizing structured 

follow-up and early identification of non-response to bronchodilator therapy [5]. 

Another modern dimension of rational therapy is the increasing use of biomarker-

guided treatment, such as eosinophil counts, IgE levels, and FeNO measurements. 

These indicators help clinicians determine the degree of airway inflammation and 

select the correct adjunct therapy that enhances bronchodilator efficacy. For example, 

patients with high eosinophilic activity often benefit from ICS–LABA combinations, 

while those with non-eosinophilic asthma may respond better to anticholinergic 

bronchodilators or leukotriene inhibitors. Thus, rational pharmacological 

management now extends beyond symptom control to precision-based interventions 

tailored to underlying pathophysiology [6]. 
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СОNСLUSIОN 

Bronchodilator drugs remain a cornerstone in the management of bronchial asthma, 

but their clinical-pharmacological use requires precision, vigilance, and 

individualized planning. Evidence-based strategies emphasize the importance of 

using SABA as rescue medication only, preferring ICS/LABA combinations for 

maintenance, incorporating anticholinergics when needed, and using 

methylxanthines carefully due to their narrow therapeutic index. Advanced 

international experience shows that combined therapies, proper inhaler techniques, 

and pharmacogenetic considerations significantly improve treatment outcomes. A 

rational approach integrates drug mechanisms, patient characteristics, safety 

monitoring, and adherence strategies to achieve optimal control of asthma and 

minimize the risk of exacerbations. 
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