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Lung: Asthma
Introduction
A. Asthma is a heterogeneous group of inflammatory diseases of the bronchial tree. They
are characterized by airway hyperresponsiveness that goes on to remodeling if the
disease is severe and chronic.
 Hyperresponsiveness has 2 elements:
 Hypersensitivity: response to a low signal
 Hyperreactivity: exaggerated response to a normal signal
 Remodeling refers to adaptive structural changes such as:
 Mucous cell hyperplasia
 Increased mucus production
 Hyperplasia/hypertrophy of the smooth muscle and epithelium
 Collagen deposition (i.e. fibrosis) of the basement membrane.
 Increased inflammatory cells in the submucosa
B. Remodeling leads to ↑wall thickness of the bronchiole, which can be seen on a CT scan,
with narrowing of the bronchiolar lumen
Epidemiology
C. A common disease, seen in 8% of the population of the US.
D. 75% is in children <7 years old.
Classification and legacy nomenclature
E. Type 2 asthma
 In 1977, an article described “brittle” asthma. This was a type of severe asthma
with highly variable attacks, called “chaotic” with marked variability in peak
expiratory flow and significant morbidity and mortality. No reproducible
definition of brittle could be reached but consensus eventually settled on:
 Type 1 (brittle)
• Daily periods of breathlessness over more than 5 months, defined
as a change in FEV1 > 40%
• Frequent attacks despite maximum treatment (>1500 mg/day
beclomethasone)
 Type 2
• Well controlled with sudden onset of attacks, defined as <3 hours,
leading to respiratory failure (loss of consciousness).
• These are patients who must carry EpiPens on their person
 Currently, only the term “Type 2” asthma is used. It describes any severe asthma
with intermittent attacks.
F. Atopic versus Non-atopic asthma
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Atopy refers to a hereditary condition of families with IgE type allergies to
organic compounds. They typically have the atopic progression of eczema (baby)
> asthma (childhood) > rhinitis/sinusitis (adulthood).
 Non-atopic asthma has negative skin testing to allergens. Irritant triggers are
common (smoke, dust, fumes) and occupational exposures are common. Nonatopic asthma can be referred to as “intrinsic”, as it is not due to an “extrinsic”
allergen.
G. Asthma defined by the type of inflammatory cell
 The three patterns: eosinophilic, neutrophilic and pauci-granulocytic
corresponds to the molecular/immune classification.
H. Immune / molecular classification:
 Allergic / TH2 pattern: allergen > TH2 induction > IL-4, 5, 9, 13 → mast cell
recruitment, eosinophil activation, IgE production
 Non-allergic / TH1 & TH17 pattern: viral damage to epithelial cells > PAMPs >
innate inflammation > TH1 (IFN, TNF) and TH17 (IL-17) → neutrophils, airway
sensitization, remodeling


Pathophysiology of asthma
For this discussion, “asthma” refers to Type 2 asthma. This means
severe asthma with intermittent attacks. This is the allergic / TH2
immune pattern of disease with IgE, mast cells and eosinophils.

A. Sensitization (see image)
1. Antigen presenting cell (APC) presents allergen to naïve TH0
lymphocyte (signal 1, signal 2, IL-4)
2. Naïve TH0 lymphocyte becomes TH2 lymphocyte producing IL-4, 5,
6, 9, 10, 13
3. IL-4
immunotype switching of B lymphocytes to IgE, regulation
of TH2 differentiation
4. IL-9
local increase of basophils
5. IL-5
eosinophil production and recruitment
6. IL-13 mucus production, smooth muscle proliferation, enhanced
effects of IL-4 and IL-5
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Chronicity leads to remodeling (see image)
1
2
3
4
5

Smooth muscle hyperplasia and
hyperresponsiveness
Neovascularization and leakiness
Inflammation, especially mast cells
Fibrosis of basement membrane
Goblet cell metaplasia and ↑mucus
production

B. Acute attack

B. Acute attack (see diagram):

3

1. Allergen binds to IgE and this complex to
the IgE receptor on the mast cell. Mast cells
degranulate.
2. Key mast cell products include the:
i. Leukotrienes: synthesized from arachidonic
acid by arachidonate 5’ lipoxygenase, this
family is responsible for 75% of smooth
muscle contraction, as well as vasodilation
and edema.
ii. Histamine: responsible for 25% of smooth
muscle contraction as well as vasodilation
iii. Cytokines: there are several, including
tryptase, which is an important mediator of
the delayed phase. Tryptase is important in
the recruitment and activation of eosinophils
3. Eosinophils release major basic protein
(MBP) and other mediators that result in
epithelial damage and edema.
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4. TH2 lymphocytes and other cells release cytokines that potentiate the
inflammatory response. IL-13 enhances the effects of other cytokines,
induces mucus production and smooth muscle proliferation.
5. Vasodilation and swelling from edema further narrow the bronchiolar
lumen.

-

Bronchiolar luminal narrowing / bronchospasm:

1 Smooth muscle hyperresponsiveness
2 Vascular dilation and leakiness with edema
3 Inflammation: mast cells, eosinophils and
lymphocytes
4 Increased mucus secretion

Presentation
There is no universal definition. Symptoms are surprisingly non-specific. Diagnosis should be
based the foundational pathology of airway hyperresponsiveness and pattern of inflammation
associated with a variable decrease in expiratory airflow.
-

4

Symptoms:
o The classic pattern is:
 Intermittent dyspnea, often described as, “chest tightness”
 Cough
 Wheezing.
o Supportive findings:
 Identifiable triggers (allergens, workplace exposure)
 Family history of atopy
o Less likely if:
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 Age >50 years
 Cigarette smoking
 Lack of response to medications, especially glucocorticoids
- Physical examination:
o Widespread, high-pitched musical “wheezes”
o Respiratory rate: correlates with severe occlusion (loudness of wheezing does
not)
- Testing:
o Acute disease
 Spirometry: FEV1/FVC < 80%
 Reversibility: improvement of FEV1 with bronchodilator (e.g. albuterol)
 Blood gases / oximetry: useful in severe disease when there is concern of
respiratory failure
 Imaging: useful in ruling out other underlying disease.
o Chronic disease
 Sputum:
• Eosinophils
• Charcot Leyden crystals (protein products from eosinophils)
• Curschmann spirals: characteristic mucus plugs
 Bronchoprovocation
• Useful with atypical presentations or isolated symptoms like
Charcot Leyden
cough only.
crystals
• Methacholine is an acetylcholine analogue that stimulates
muscarinic receptors, inducing vasoconstriction. Airway
Curschmann
hyperresponsiveness is demonstrated if FEV1 drops to <70%.
spirals
 Exhaled nitric oxide
• Airway eosinophils upregulate nitric oxide synthase, giving
elevated nitric oxide in the breath.
• Not widely available, but seen in many studies on asthma
Treatment
Treatment is a complex subject that is divided into relief during acute attacks (i.e.
bronchodilators) and control management (i.e. Anti-inflammatories). Short acting β2 agonists
such as albuterol are the cornerstone of symptomatic relief and inhaled corticoid steroids for
control.
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Lung: Asthma
Do You Know It?
1. Describe the initial immune response in asthma by explaining the numbers

2. What are the features of remodeling in asthma?

7

© 2020, ClinicoPath LLC. All rights reserved.

www.MedicalSchoolCompanion.org
3. Describe the pathology of an acute attack in asthma, using the numbers

4. Describe the changes in the bronchiole in an acute attack, using the numbers.
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5. Using the table and image, show the site of action for the drugs used in asthma and
describe the mechanism of action.
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