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lll. ASTHMA

* Chronic inflammatory disorder of the airways

* Causes recurrent episodes of wheezing, Dyspnea, chest
tightness and cough particularly at night and/or early in the
morning.



Asthma, its hallmarks are:

1. Intermittent and reversible airway obstruction (bronchospasm,

that is neither continuous nor permanent)

2. Chronic bronchial inflammation with eosinophils.

3. Bronchial smooth muscle cell hypertrophy and hyper-reactivity.

4. Increased mucus secretion.



MAIJOR FACTORS:

v' Genetic predisposition to type | hypersensitivity (atopy).
v Acute and chronic airway inflammation.
v Bronchial hyper-responsiveness to a variety of stimuli.



CAN BE TRIGGERED BY:

Respiratory infections (especially viral).
Airborne irritants (smoke, fumes).
Cold air.

Stress.

Exercise.



PATHOGENESIS
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C TRIGGERING OF ASTHMA
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Pathogenesis

“ Initial airway response after the first exposure to an inhaled allergen:

1. The allergen will be recognized by an Antigen Presenting Cell (Dendritic
cells) in the epithelial lining.

2. As aresults, TH2 lymphocytes will be activated, releasing several
cytokines, leading to B-cell activation and subsequent IgE production
through IL-4 and IL-13 action, eosinophils activation and recruitment
via IL-5, increased mucus production and secretion through IL-13.

3. IgE antibodies coat the submucosal mast cells, and upon re-exposure of

mast cells by the same allergen, two waves of rection happen:
A. Early or immediate reaction.
B. Late reaction.



The Early-Phase Reaction

A. The early-phase reaction is dominated by:

 Bronchoconstriction, triggered by histamine, prostaglandin
D2, leukotrienes C4/D4/E4, as well as by the neural reflex
pathways.

* Increased mucus production.
* Vasodilation.
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The Late-Phase Reaction

B. The late-phase reaction is inflammatory:

Inflammatory mediators = stimulate epithelial cells to produce
chemokines (eotaxin, potent chemoattractant and activator of

eosinophils) = recruit TH2 cells, eosinophils, and other
leukocytes = amplifying the inflammatory reaction.



The Late-Phase Reaction

* Leukocytes recruited to the site of
reaction (neutrophils, eosinophils,
and basophils; lymphocytes and
monocytes) release mediators =2
initiate the late phase of asthma.

» Eosinophils release major basic
protein and eosinophil cationic
protein that cause damage to the
epithelium.
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Eosinophil
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Pathophysiology of Airway Remodeling in Chronic
Asthma; a late-phase sequela.

e Repeated bouts of inflammation lead to structural changes
in the bronchial wall = called airway remodeling, including:

" Hypertrophy of bronchial smooth muscle.

" Hypertrophy of Mucus glands.
" |ncreased vascularity.

" Deposition of subepithelial collagen.



Morphological Characteristics of the Asthmatic Airway

Increased number of mucus-secreting goblet cells.
Hypertrophy of submucosal glands.

Accumulation of mucus in the bronchial lumen.
Thickened basement membrane.

Intense chronic inflammation composed of cells depicted in the image below.
Hypertrophy and hyperplasia of smooth muscle cells.
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See how the muscle bands
are tightening around
[ David's airway?
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1- ATOPIC ASTHMA:

The most common.

Classic example of type | IgE—-mediated hypersensitivity
reaction.

Beginning in childhood.

Positive family history of atopy and/or asthma attacks are
preceded by allergic rhinitis, urticaria, or eczema.

Attacks are triggered by allergens in dust, pollen, animal
dander (material shed by furry or feathered animals), or
food, or by infections.



Immunopathogenesis of Atopic Asthma:
Sensitization and Response

*The initial exposure to the antigen > excessive activation of

type 2 helper cells (T,,) =2 Cytokines production:

» IL-4 and IL-13 stimulate IgE production.
» IL-5 activates eosinophils.
» IL-13 also stimulates mucus production.

*|gE coats submucosal mast cells = release of Mast cell- derived

mediators upon re-exposure = produce two waves of reaction:

A. Early (immediate) phase of reaction.
B. Late phase of reaction.



ATOPIC ASTHMA: Diagnosis

1. Skin test with the antigen: immediate wheal-and-

flare reaction:

e “Skin prick test” is the most common allergy skin test
used in the clinic.

* A series of tiny drops of the allergen are placed on
patient’s back or hand, then a needle prick is
introduced in the skin beneath each drop, if the patient
is allergic, he/she will get red and itchy rash especially
at the skin prick sites, otherwise, nothing happens.

2. Serum radioallergosorbent tests (RASTs): a blood
test using radioimmunoassay to detect specific IgE
antibodies, to determine the substances a subject
is allergic to.

‘ Chapter 18 Immunolage Disorders

— — —

https://www.alpfmedical.info/causative-agent/type-i-

hypersensitivities-immediate-igemediated.html
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2- NON-ATOPIC ASTHMA:

* No evidence of allergen sensitization.
* Negative skin test, unlike atopic asthma.

* A positive family history of asthma is less common.
* Triggered by:
" Viral respiratory infections (rhinovirus, parainfluenza virus).
" [nhaled air pollutants (sulfur dioxide, ozone, nitrogen dioxide).

v Although the connection between these exposures and non-atopic asthma is
still not well-understood, the ultimate humoral and cellular mediators of
airway obstruction are the same in both atopic and non-atopic variants, so
they are treated in a similar way.



3- DRUG-INDUCED ASTHMA:

* Eg: Aspirin induced asthma:
Patients with aspirin hypersensitivity present
with recurrent rhinitis, nasal polyps,
urticaria, and bronchospasm.

* The precise pathogenesis is unknown, but
may involve some abnormality in
prostaglandin metabolism from inhibition
of cyclooxygenase by aspirin.

https://en.wikipedia.org/wiki/Aspirin_exacerbated_respiratory disease



4- OCCUPATIONAL ASTHMA:

* Triggered by fumes (epoxy resins, plastics), animal
substances, organic and chemical dusts (wood,
cotton, platinum), gases (toluene), and other
chemicals.

 Farmers, animal handlers, manufacturers of foam
mattresses, bakers, food processors, cotton
workers and manufacturers of metals, are all at risk
of developing this type of asthma.

 Asthma attacks usually develop after repeated
exposure to the antigen.

https://www.hopkinsmedicine.org/health/conditions-and-diseases/asthma/occupational-asthma
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MORPHOLOGY

* Occlusion of bronchi and bronchioles by thick mucous plugs.

* Mucous plugs contain whorls of shed epithelium called
Curschmann spirals.

www.nikonsmallworld.com/qgalleries/199-photomicrography-competition/curschmanns-spiral-in-sputum-specimen
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MORPHOLOGY
Curschman Spirals in sputum

https://anatometal.com/jewelry/spirals/
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Eosinophils are the Characterlstlc mﬂammatory cells Ig asthma




MORPHOLOGY
Charcot-Leyden crystals
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Charcot-Leyden Q* -
crystals: ‘

crystalloids made up of
the eosinophil protein

galectin-10

Robbin’s and Cotran Atlas of pathology, 3 edition .



MORPHOLOGY

Morphological Consequences of Recurrent Airway Inflammation

* Airway remodeling (the characteristic morphological change in

bronchial wall after recurrent episodes), including:
" Thickening of airway wall.
" Sub-basement membrane fibrosis.
" |ncreased submucosal vascularity.

" Anincrease in size of the submucosal glands and goblet cell metaplasia
of the airway epithelium.

= Hypertrophy and/or hyperplasia of the bronchial muscle.

* In severe or fatal cases = distension of lungs due to air trapping,
with small areas of atelectasis(reca!'t1),



* This figure shows a
predominantly expanded
submucosa marked by the blue
circle, sandwiched between the
bronchial cartilage on the right
marked by the red star and
bronchial lumen stuffed and
filled with mucus marked on
the left by the vellow triangle.
The submucosa is widened due
to smooth muscle hypertrophy,
edema fluid and inflammatory
cells, especially eosinophils.

Robbin’s and Cotran Atlas of pathology, 3rd edition



* Asthma is usually associated

CLINICAL FEATURES OF ASTHMATIC ATTACKS

with expiration difficulty,
and is reversible, EXCEPT in
severe advanced cases.

Each episode lasts from one
to several hours and
subsides either

spontaneously or with
therapuy.

The intervals between these
attacks are free of
respiratory difficulties.

Patients may feel
something is
squeezing or

sitting on their

chest.
Often
worse at
night or
earlyin the
Wheezi Shortness
morning. eeing of breath
Wistling sound Patients
especially during cannot catch
expiration, their breath or
sometimes can be breathe
heard easily without a deeply
stethoscope. enough.

https://allergyasthmanetwork.org/what-is-asthma/asthma-symptoms/



Status asthmaticus:

* Severe paroxysmal
(sudden) asthmatic attack
that does not respond to
therapy, persisting for
days or weeks, and might
be associated with
hypercapnia, acidosis,
and severe hypoxia. This
type of attacks might be
fatal in some patients.

https://nurseslabs.com/status-asthmaticus-nursing-management/



MANAGEMENT:

*»* Standard therapies include:
» Anti-inflammatory drugs (glucocorticoids).
» Bronchodilators (beta-adrenergic drugs)
» Leukotriene inhibitors (leukotriene receptors antagonists or

leukotriene modifiers).

v' These agents prevent the leukotrienes-induced bronchospasm, as well
as blocking the effect of some immune mediators like IL-4 and IL-5, the
latter effect can be helpful in some patients.



IV- BRONCHIECTASIS
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BRONCHIECTASIS

* Permanent dilation of bronchi and bronchioles caused by

destruction of smooth muscle and the supporting elastic tissue.
» Permanent: It's an irreversible dilation.

* Typically results from or is associated with chronic necrotizing
infections.

*|t is not a primary disorder, as it always occurs secondary to
persistent infection or obstruction.



BRONCHIECTASIS

* The condition is characterized by the irreversible (permanent)
dilation of the airways.

* It mainly affects bronchi and bronchioles. This distinguishes it
from emphysema, which is defined as permanent dilation of
the airways distal to the terminal bronchioles.

“* Pathogenesis:

— The underlying mechanism typically involves chronic necrotizing
iInfections, that induce the destruction of bronchial walls’ smooth
muscle and elastic tissue, leading to the loss of structural support.



BRONCHIECTASIS

(257 %)
* Clinically: cough and expectoration of copious amounts of

purulent sputum.

* Purulent sputum usually contains WBCs, cellular debris, and mucus.
* |tis typically yellow-green and can be seen in conditions such as
bronchiectasis or lung abscess.

* Diagnosis: appropriate history and radiographic demonstration
of bronchial dilation.




BRONCHIECTASIS
PATHOGENESIS

*** Two intertwined processes contribute to bronchiectasis:

1. Obstruction.
Obstruction impairs clearance of secretions = superimposed infection 2>
inflammatory damage to the bronchial wall + the accumulating exudate -2
airways distention = irreversible dilation.

2. Chronic infection.
Persistent necrotizing infection in the bronchi or bronchioles = poor
clearance of secretions, obstruction, and inflammation with peribronchial
fibrosis and traction on the bronchi = irreversible dilation.

Further Explanation in the next slide.



BRONCHIECTASIS
PATHOGENESIS - Explanation

* Obstructions caused by foreign bodies, for example, impair the clearance of
secretions, leading to their accumulation and providing a favorable medium
for superimposed infections. Consequently, the secretions and the bronchial
wall become infected, inducing inflammatory reactions. This inflammation
results in tissue damage, especially to the bronchial wall, and the accumulation
of exudate, which further distends the airways, leading to irreversible dilation.

» Conversely, a persistent necrotizing infection in the bronchi or bronchioles
may lead to poor clearance of secretions; this is usually followed by
obstruction due to the accumulation of secretions and inflammation with
bronchial wall damage, resulting again in full-blown bronchiectasis.



As we learned it’s a secondary
process that happens due to

another primary disorder. B RO N C H I ECTAS I S

*** The conditions that most commonly predispose to bronchiectasis
include:

1. Bronchial obstruction:
By tumors, foreign bodies, and impaction of mucus OR as a complication of atopic
asthma and chronic bronchitis.
v Bronchiectasis is localized to the obstructed lung segment.

2. Congenital or hereditary conditions:
A. Cystic fibrosis:
* Widespread severe bronchiectasis.
 Due to obstruction caused by abnormally viscid mucus and secondary infections.
* Cystic fibrosis is a hereditary disease that affects the lungs and digestive system;

in this disease, the body produces thick and sticky mucus that may block the
lungs and obstruct the pancreas.




BRONCHIECTASIS

*** The conditions that most commonly predispose to bronchiectasis

include:

2. Congenital or hereditary conditions:

B. Immunodeficiency states:
 Due to recurrent bacterial infections.
* Can be localized or diffuse.

C. Primary ciliary dyskinesia (immotile cilia syndrome):
 Rare autosomal recessive disorder.
* Caused by inherited abnormalities of cilia which impairs the mucociliary clearance

of the airways, leading to persistent infections.

* Associated with bronchiectasis + sterility in males.

3. Necrotizing, or suppurative, pneumonia:
* Particularly with virulent organisms such as Staphylococcus aureus or Klebsiella spp.




BRONCHIECTASIS
MORPHOLOGY, MACROSCOPIC:

* Usually affects: Lower lobes bilaterally, particularly the
vertical air passages.

* Most severe involvement in distal bronchi and
bronchioles.

 The airways may be dilated to as much as four times their
usual diameter.




BRONCHIECTASIS
MORPHOLOGY, MACROSCOPIC:

 Markedly dilated bronchi filled with
purulent mucus.

* This figure shows the gross appearance
of a lung that is involved by
bronchiectasis in a patient with cystic
fibrosis who underwent lung resection
for lung transplantation.

* As you can appreciate the cut surface of
the lunge shows marked dilation of the
bronchi and those bronchi are stuffed
and filled with purulent mucus,




BRONCHIECTASIS
MORPHOLOGY, MICROSCOPIC):

*** The histologic findings vary with the activity and the chronicity of the
disease:
» In full-blown active cases:
* Intense acute and chronic inflammatory exudate within the walls of
the bronchi and bronchioles.
* Desquamation of lining epithelium and extensive ulceration, due to
severe inflammation.

* Mixed flora are cultured from the sputum.
The usual organisms include staphylococcus, streptococcus, pneumococcus
enteric organisms and anaerobic bacteria.



BRONCHIECTASIS
MORPHOLOGY, MICROSCOPIC?):

» When healing occurs:

The lining epithelium may regenerate completely. Sometimes, it
cannot be repaired completely, and abnormal dilation and
scarring persist.

Fibrosis of bronchial and bronchiolar walls, as what is seen in
chronic cases.

Peribronchiolar fibrosis, also in chronicity.

Abscess formation in some cases; necrosis destroys the
bronchial and bronchiolar walls, producing an abscess cavity.



BRONCHIECTASIS
MORPHOLOGY, MICROSCOPIC:

Figure 5-34: Bronchiectasis, microscopic
dilated bronchus in which the mucosa and
bronchial wall are not seen clearly because
of the necrotizing inflammation with tissue
destruction.

* Extensive necrotizing inflammation,

* The mucosal lining cannot be defined;
mostly it is desquamated. 5§

Robbin’s and Cotran Atlas of pathology, 34 edition



BRONCHIECTASIS
CLINICAL FEATURES

* Severe, persistent cough with mucopurulent sputum.
* Other symptoms: dyspnea (shortness of breath), rhinosinusitis, and hemoptysis.
» Symptoms often episodic.

* Precipitated or induced by upper respiratory tract infection (URTI).

* Severe widespread bronchiectasis: significant obstructive ventilatory defects,
hypoxemia, hypercapnia, pulmonary hypertension, and cor pulmonale.

* However, with current treatment, outcomes have been improved and severe
complications such as brain abscess or cor pulmonale are less frequent.

The underlined word is hyperlinked


https://en.wikipedia.org/wiki/Pulmonary_heart_disease#:~:text=Pulmonary%20heart%20disease%2C%20also%20known,classified%20as%20pulmonary%20heart%20disease.

IN SUMMARY:

Table 13.1 Disorders Associated With Airflow Obstruction: The Spectrum of Chronic Obstructive Pulmonary Disease

Anatomic
Clinical Entity Site Major Pathologic Changes Etiology Signs/Symptoms
Chronic bronchitis Bronchus Mucous gland hypertrophy and Tobacco smoke, air pollutants Cough, sputum production
hyperplasia, hypersecretion
Bronchiectasis Bronchus Airway dilation and scarring Persistent or severe infections Cough, purulent sputum, fever
Asthma Bronchus Smooth muscle hypertrophy and Immunologic or undefined Episodic wheezing, cough,
hyperplasia, excessive mucus, causes dyspnea
inflammation
Emphysema Acinus Air space enlargement, wall Tobacco smoke Dyspnea
destruction
Small airway disease, Bronchiole Inflammatory scarring, partial Tobacco smoke, air pollutants Cough, dyspnea
bronchiolitis™* obliteration of bronchioles

*Can be present In all forms of obstructive lung disease or by Itself.
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