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Asthma Case Study Report
Introduction
Asthma is a chronic, complex, and disabling inflammatory disease of the airways, characterised by typically episodic and variable symptoms of airflow obstruction, bronchial hyperresponsiveness, and underlying airway inflammation (GINA, 2020). It is one of the most common chronic health problems affecting adolescents, with over 1.1 million in the UK living with this condition (Asthma + Lung UK, 2023). Although asthma symptoms may develop in childhood, adolescence is a time when the severity of symptoms can fluctuate due to increased exposure to environmental triggers, changing lifestyle factors, and a considerable decline in treatment adherence  (Royal College of Physicians, 2022). These trends are reflected through the observed rise in presentations to general practices and emergency departments for exacerbations of asthma, particularly towards late teenage years.
There are many risk factors that predispose to the onset and exacerbation of asthma, including genetic susceptibility, atopy, environmental exposure to pollutants (e.g., diesel exhaust particles), respiratory infections, tobacco smoke, vaping aerosols, psychological stress and lifestyle choices (Barnes 2019; McDonough & Camp, 2020). In the general practitioner (GP) setting described in this case study, most young people experience avoidable exacerbations, which are largely driven by lifestyle choices, including smoking and vaping, and exposure to cramped environments, such as in nightclubs or bars. These behaviours make the individual more vulnerable to viral infections and air irritants, which in turn increases airway inflammation. Limited awareness of respiratory physiology information and suboptimal adherence to personal action plans also contribute to difficulties in achieving optimal asthma control (NICE, 2012).
This detailed report provides Evidence-Based educational materials for staff working with adolescents seen at an asthma clinic. It demonstrates a deep understanding of respiratory anatomy and physiology (LO1) as well as a detailed analysis of how day-to-day respiratory data, such as peak flow monitoring, informs the clinical decision-making process (LO2). By subjecting lifestyle issues to critique and analysing their physiological consequences, the article offers scientifically sound suggestions for improving adolescent Self-Management.

Respiratory System Anatomy, Risk Factors, and Physiological Impact
The respiratory system. The upper respiratory tract, which contains the nose, nasal cavity, pharynx, and larynx. The lower respiratory tract, trachea, bronchi, bronchioles and alveoli. Its main job is to bring in oxygen and clear out carbon dioxide, a waste product from the body's cells during respiration. The components of the respiratory system are highly specialised to maximise effective ventilation and gas transfer. The walls of the airways are lined with epithelial cells that possess cilia and goblet cells that secrete mucus, serving the important role of mechanical protection by trapping pathogens or particulates which could otherwise be inhaled (Tortora & Derrickson, 2022). Dysregulated control by these protective cells in asthma leads to significant inflammation and a loss of mucociliary clearance function.
Ventilation (commonly referred to as breathing) describes the mechanics of inspiration and expiration. The diaphragm and external intercostals contract during inspiration, which causes the thoracic cavity to expand, and intrapulmonary pressure decreases; therefore, air is sucked into the lungs. On the other hand, expiration is usually a passive process, and the muscles relax as the elastic recoil of the lung tissue occurs (Marieb & Hoehn, 2018). In a.s., these normal processes are broken and obstruction to airway flow results. Reducing the diameter of the bronchi and bronchioles increases airway resistance and the work of breathing, often producing an audible wheezing sound.
Bronchial smooth muscle covers the bronchi and bronchioles. This smooth muscle in asthma gets contracted out of proportion due to a plethora of triggers, which adds significantly to bronchoconstriction. The airway calibre is reduced by a small lumen which surrounds the tube, and this size further decreases with the contraction of the muscles in the wall of the bronchi (GINA, 2024). "Learning about the complexity of this anatomy is critical for teens who are trying to understand how things like vaping aerosols or cigarette smoke can make it difficult to breathe."
Gas Exchange in the Lungs
The exchange takes place in the alveoli, a collection of tiny, thin-walled air sacs that are heavily entwined with capillaries. The alveolar-capillary membrane is extremely thin, with a thickness of approximately 0.5 μm, which enables the rapid exchange of oxygen into the bloodstream and the elimination of carbon dioxide (West, 2021). Oxygen diffuses out of the alveolar space, where its partial pressure is relatively high, into the pulmonary capillary blood and binds to haemoglobin in red blood cells. On the other hand, carbon dioxide moves from the blood into the alveoli via its concentration gradient.
An ideal ventilation-perfusion (V/Q) ratio must be maintained for efficient gas exchange. Ventilation impairment can occur in asthma when constricted airways prevent the flow of air from reaching alveoli (V–Q mismatch). This disordered ventilation-perfusion relationship results in low blood oxygen levels, causing sufferers to feel breathless and fatigued (Bicknell, Greening, & Jarvis, 2020). Two other forms of obstruction can occlude small bronchioles even more, resulting in the formation of areas of the lung that are perfused but not ventilated, particularly when there is increased mucus production or airway swelling. In acute severe asthma, hypoxaemia can occur, requiring immediate medical attention.
Understanding what is happening during gas exchange allows older children to make sense of the fact that changes in peak flow readings might correlate with physiological changes. A small decrease in the diameter of an airway can have a significant impact on restricting airflow, according to Poiseuille’s Law, which states that resistance is inversely proportional to the fourth power of the radius of an airway (West, 2021). Therefore, even minimal inflammation can result in significant reductions in airflow.
Irritant, airway swelling and effect on breathing
Asthma is essentially an inflammatory disease. The contact of airway epithelial cells with environmental irritants such as cigarette smoke, vaping aerosols, air pollutants, and viral pathogens initiates an immune response. Inflammatory mediators, such as histamine, interleukins, and leukotrienes, are released, leading to vasodilation, increased vascular permeability in the bronchioles, and the migration of eosinophils (Barnes, 2019). The latter leads to airway oedema, mucus hypersecretion and the contraction of smooth muscle about the airways.
Smoking: Cigarette smoke is a cocktail of carcinogenic chemicals,  with tar, nicotine and carbon monoxide being just three more to add to the nearly 7,000 other poisons that analysts find in cigarette smoke. Information System Data suggest that even adolescents with a diagnosis of asthma who smoke have reduced lung growth as indicated by lower forced expiratory volume in one second (FEV1) and peak flow measures than their nonsmoking peers, and have more frequent exacerbations (McDonough & Camp, 2020). Cilia in the bronchi are impaired by smoke, and mucociliary clearance is compromised, rendering smokers more susceptible to respiratory infections.
Vaping: While vaping cigarettes is often packaged as being less harmful than regular smoking, the liquids contain a mix of propylene glycol, vegetable glycerine, flavouring and metals that are heated to act as aerosol that is inhaled. These agents can irritate the lining of the airways and induce inflammation (Gotts et al., 2020). Most cases of e-cigarette, or vaping-associated lung injury (EVALI) have occurred in adolescents and young adults (Layden et al., 2020). Vaping is known to increase airway hyperresponsiveness, which could lead to a gradual decline in peak flow values over time.
Respiratory infections: Viral infections (with RHINOVIRUS, INFLUENZA VIRUS and SARS-CoV-2 being common) are one of the major causes for asthma attacks. These infections may compromise the epithelial barrier, resulting in exaggerated signalling in the release of inflammatory mediators and increased airway hyperresponsiveness (Jackson, Heaney, & Johnston, 2020). High population density environments, such as bars and clubs, further increase pathogenic exposure, especially for adolescents who are more socially interconnected.
Physiological impact of swelling: Airway oedema leads to collapse of the lumen, resulting in increased resistance in the airways. This creates more difficulty in both inspiration and expiration, especially during expiration. Air-trapping can be present, which contributes to reduced alveolar ventilation and inefficient gas exchange. Chronic airway inflammation over time can cause structural remodelling of the airways, resulting in a sustained decrease in lung function (GINA, 2024).
Significance of Monitoring and Documentation of Respiratory Data
Regular respiratory data monitoring enables patients and physicians to assess the status of asthma control and respond promptly to any changes. Measurement of peak expiratory flow (PEF) is an established and widely used measurement, representing the maximal flow during expiration, which provides important information about the diameter of the airway (NICE, 2022). Reductions in peak flow measurements often occur before the onset of symptoms, making it a valuable early warning sign of impending deterioration.
1 The many advantages of monitoring:
• Trigger identification: Reviewing the patterns of peak flow results can show important associations with environmental stimuli (e.g., tobacco smoke, exertion).
• Medication effectiveness evaluation: Significant rises in PEF after taking preventative inhalants are signs of better airways.
• Individualised asthma action plans: Teenagers can use colour-coded zones (green, amber, red) to know what action to take based on symptoms and peak flow readings.
• Evidence-Based clinical decision-making: Ongoing data collected enabled clinicians to make evidence-informed decisions about adjustments to treatment (Chan & DeSimone, 2021).
The use of digital health technologies such as smart peak flow meters and mobile applications has been effective in improving adherence to self-monitoring and reducing the rate of exacerbations in young patients (Chan & DeSimone, 2021). From a health and social care perspective, surveillance data assist in risk stratification for poorly controlled asthma, enabling the identification of those populations with the most need to plan targeted interventions (NICE, 2022). This strategy directly supports Learning Outcomes 2.
Evidence-Based Lifestyle Recommendations
Smoking and vaping cessation: Quitting smoking and vaping leads to decreased airway inflammation, a marked improvement in lung function, and a more favourable response to corticosteroid therapy (McDonough & Camp, 2020). Dedicated specialist support for smoking cessation and digital behaviour-change tools could be highly beneficial to adolescents.
Reducing exposure to infections:
· A strategy for directly contributing to virus suppression is vital in preventing and controlling respiratory infectious diseases, including both flu and COVID-19.
· Strict hand hygiene must be maintained to control the spread of micro-organisms.
· Even if everyone doesn’t act, avoiding crowded indoor spaces at times when infections are most likely to be spread can substantially decrease your risk of running into a virus.
      There is evidence that the vaccine selectively prevents virus-induced asthma attacks                                                                                                       (Jackson et al., 2020).

Regular exercise: Moderate aerobic exercise of any kind helps the muscles responsible for breathing more efficiently. Swimming is considered highly advantageous because it's often done in warm, moist surroundings that can help filter out airway irritants (Asthma and Lung UK, 2023).
Stress and sleep management: Psychological stress and inadequate sleep can exacerbate asthma symptoms, partly through mechanisms that involve the immune system and hormones. Strategies such as mindfulness practice, good sleep hygiene, and a balanced academic load may help reduce the severity of symptoms (Bicknell et al., 2020).
Medication adherence and technique: Many youngsters overuse inhalers or fail to take preventive doses as directed. Good inhaler technique and regular use of ICS are essential for minimising chronic airway inflammation, with a consequent reduction in the risk of an asthma attack (Royal College of Physicians, 2022).
Avoiding pollutants: The WHO has recommended reducing exposure to indoor and outdoor air pollutants, as particulate matter and ozone have been proven to be particularly detrimental to asthma control (WHO, 2023).

Conclusion
Asthma in adolescence is the result of a complex interaction between anatomical, physiological and lifestyle variables. The mechanism and function of the respiratory system, specifically the bronchi, bronchioles, and alveoli, help adolescents understand how airway inflammation or constriction can lead to a breakdown in mechanical respiration and gas exchange. This condition is known as the Th2-low endotype. Bronchial inflammation caused by smoking, vaping, respiratory infections and others causes severe airway inflammation, which worsens over time, causing more frequent and severe exacerbations. Regular monitoring with peak flow is not only an opportunity for early recognition of worsening but also enables personalised care planning. Evidence-based lifestyle modifications and increased adherence to treatment plans can lead to effective management of adolescent respiratory issues, helping to reduce asthma risk. This report highlights the need to incorporate both respiratory physiology and behavioural interventions into interventions, as doing so may lead to substantial gains in the health of young people with asthma.


References:
Asthma + Lung UK (2023) Asthma statistics. Available at: https://www.asthmaandlung.org.uk (Accessed: 10 November 2024).
Barnes, P.J. (2019) ‘Targeting cytokines in asthma and COPD’, Nature Reviews Immunology, 19(8), pp. 454–467.
Bicknell, S., Greening, N. and Jarvis, S. (2020) ‘Adolescent asthma: physiological changes and clinical implications’, Journal of Respiratory Medicine, 18(2), pp. 105–117.
Chan, A.H. and DeSimone, E. (2021) ‘Digital technologies to support asthma self-management in adolescents’, Journal of Allergy and Clinical Immunology, 147(3), pp. 745–758.
GINA (Global Initiative for Asthma) (2024) Global strategy for asthma management and prevention. Available at: https://ginasthma.org (Accessed: 15 November 2024).
Gotts, J.E. et al. (2020) ‘What are the respiratory effects of e-cigarettes?’, BMJ, 366, l5275.
Jackson, D.J., Heaney, L.G. and Johnston, S.L. (2020) ‘The role of viral infections in asthma pathogenesis and exacerbations’, The Lancet Respiratory Medicine, 8(5), pp. 469–482.
Layden, J.E. et al. (2020) ‘Pulmonary illness associated with e-cigarette use’, New England Journal of Medicine, 382(7), pp. 697–705.
Marieb, E.N. and Hoehn, K. (2018) Human anatomy and physiology. 11th edn. Harlow: Pearson.
McDonough, J.E. and Camp, P.G. (2020) ‘Smoking, adolescents and asthma’, American Journal of Respiratory and Critical Care Medicine, 201(1), pp. 1–3.
NICE (2022) Asthma: diagnosis, monitoring and management (NG80). Available at: https://www.nice.org.uk (Accessed: 12 November 2024).
Royal College of Physicians (2022) Asthma care in the UK: Improving patient education. London: RCP.
Tortora, G.J. and Derrickson, B. (2022) Principles of anatomy and physiology. 16th edn. Hoboken: Wiley.
West, J.B. (2021) Respiratory physiology: the essentials. 11th edn. Philadelphia: Wolters Kluwer.
World Health Organization (WHO) (2023) Air pollution and health. Available at: https://www.who.int (Accessed: 16 November 2024).





2

image1.png
Prifysgol Cymru
Y Drindod Dewi Sant

University of Wales
Trinity Saint David




