Chronic Obstructive Pulmonary Disease (COPD)
and Pre COPD

Learning Outcomes

The concept of whole-of-life disease trajectories;

The basis for bronchodilator therapy and be able to explain how irreversible changes in
Lung structure cause airflow limitation and how this is worsened by

inflammation;

The important role of infection and recurrent exacerbations and effects of treatments;
COPD as a systemic disease with multiple comorbidities;

The current controversy on the role of inhaled steroids and anti-eosinophil therapy

Introduction to COPD and Its Categories

Chronic Obstructive Pulmonary Disease (COPD) is a broad term that includes various lung
conditions characterized by airflow limitation. It encompasses emphysema, bronchiolitis, and
bronchitis, with each component contributing differently to the disease process. Emphysema
involves the destruction of alveolar units leading to loss of lung parenchymal tissue. Bronchiolitis
is the inflammation of small airways, which differs in nature from asthma-related airway
inflammation. Bronchitis is marked by excessive mucus production in the airways, contributing
to airflow obstruction. Patients may have varying mixes of these conditions, making COPD a
heterogeneous disease.

Understanding Emphysema and Its Pathology

Emphysema is characterized by the destruction of alveolar walls, resulting in fewer and larger
air spaces. This destruction impairs gas exchange and reduces lung elasticity. The loss of
elastic fibers, which act like tiny springs attached to small airways, is central to emphysema.
These fibers normally help keep airways open during exhalation. When they are destroyed,
airways tend to collapse during exhalation, trapping air and causing breathing difficulties. This
structural damage is irreversible, making treatment challenging.

Global Impact and Epidemiology of COPD

Globally, COPD is the third leading cause of death, affecting nearly 400 million people. Its
impact is profound, with significant morbidity and mortality worldwide. In Australia, efforts to
reduce smoking through education have been successful; however, this has led to unintended
social stigmatization of smokers. Many COPD patients now suffer in silence due to shame and
fear of judgment, often refusing treatment or avoiding social interactions. While smoking is a
major risk factor, it is not the sole cause of COPD. Air pollution and low lung capacity, especially
in developing countries, are also significant contributors.



Socioeconomic and Demographic Factors

Many individuals with COPD are older adults, often on oxygen therapy at home, experiencing
shame and social isolation. However, COPD also affects younger populations, including notable
figures like supermodel Christy Turlington, singer Amy Winehouse, and film producer David
Lynch, who succumbed to advanced COPD. Women in poorer countries face a unique burden
due to indoor air pollution from biomass fuel used in cooking, which damages lungs early in life
and often goes untreated. This highlights the global disparity in disease burden and access to
healthcare.

Genetics, Behavior, and Disease Susceptibility

Genetic susceptibility plays a role in COPD, but behaviors such as smoking significantly
influence disease development. An illustrative example is the late Queen Elizabeth Il and her
sister, Princess Margaret. Despite genetic predisposition, the Queen, who abstained from
smoking, remained healthy into her late 90s. Conversely, her sister, a heavy smoker, died earlier
with lung cancer and strokes. This underscores that lifestyle choices and modifiable risks are
crucial in disease expression and progression.

Lung Function Trajectories and Disease Development

Normal lung function peaks in early adulthood and gradually declines with age. The rate of
decline and initial lung capacity determine future respiratory health. Two main factors influence
COPD development: low lung development (small lungs) and accelerated decline due to irritants
like pollutants or smoking. Social deprivation and poor air quality are now leading causes
globally, responsible for 70% of COPD cases. Understanding these trajectories helps identify
at-risk individuals early, offering opportunities for intervention.

The Fletcher and Peto Model of Lung Decline

This conceptual model illustrates how lung function declines over time. Non-smokers
experience a slow decline, while smokers have an accelerated decline. Quitting smoking at any
stage provides benefits, with earlier cessation offering greater protection. The model
emphasizes the importance of early intervention before significant disability or death occurs.
Many patients present late in the disease course, when limited treatment options remain.

Early Detection and Prevention Strategies

Research indicates that lung function decline can be mitigated if identified early. Most COPD
diagnoses occur in the 70s, but early detection during the pre-COPD phase could prevent
progression. Interventions aimed at slowing decline or halting disease development are under
clinical investigation. Targeting individuals with early signs of decline offers the potential to
improve long-term lung health for hundreds of millions worldwide.



Normal Lung Structure Versus COPD Pathology

Healthy lungs feature a rich network of blood vessels, smooth muscle, nerves, and elastic fibers
around alveoli, facilitating efficient gas exchange and lung recoil. Elastic fibers, primarily elastin,
act like springs, maintaining airway patency during exhalation. In healthy tissue, hundreds of
alveolar attachments keep small airways open, ensuring effective airflow.

In COPD, these elastic fibers are lost or damaged, reducing the spring-like support of small
airways. This leads to airway collapse during exhalation, trapping air and causing airflow
limitation. The destruction of alveolar walls results in fewer, larger alveoli, impairing gas
exchange. The structural damage in COPD is permanent and less responsive to medication
compared to asthma, where smooth muscle constriction is reversible.

Structural Changes in COPD and Their Functional Consequences

e Loss of elastic fibers weakens airway support, leading to airway collapse during
exhalation.
Reduced alveolar surface area impairs gas exchange, causing hypoxia.
Destruction of alveolar attachments diminishes lung recoil, making exhalation difficult.
e Accumulation of mucus and inflammatory cells further obstructs airflow.

In contrast, asthma involves reversible airway smooth muscle constriction, which responds well
to bronchodilators. COPD's structural damage is permanent, making pharmacological
management less effective, emphasizing the importance of prevention and early detection.

Initial Disease Development in Lung

Research from 1963 by Lynn Reed in Melbourne established that COPD begins deep within the
lungs, specifically in the alveolar units located in the terminal bronchioles. The earliest signs of
emphysema involve the formation of tiny cysts that result from the destruction of alveolar tissue
and elastin fibers. These cysts gradually coalesce, leading to the formation of large holes in the
lung tissue, which significantly impair lung function.

This process occurs deep in the lung tissue, making early detection challenging with standard
tests. The destruction starts far down in the lung, well beyond the reach of routine spirometry,
which primarily measures airflow changes in the upper airways.

Structural Changes in Emphysema

In emphysema, the lung tissue shows frank holes where healthy parenchyma should be. The
alveolar units are destroyed, reducing the surface area available for gas exchange. The lung
tissue appears patchy, with some areas heavily damaged and others relatively preserved,
especially in early stages.



