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notes

• I have 15 theory questions in the final. 4-5 of which will be from the mid 
material.. Study the mid material from this summary, it will be enough

• NOTE: neonatal RDS is not required for the final

• I have 3 practical ( Lab) questions in the final. I will send a file with the 
pictures needed for the exam

• Please study and don’t worry.. My final questions will be easier than the 
mid

• Don’t worry too much about the mid marks.. It is a curve and as long as all 
of you have done badly, it shouldn’t be a problem!

• GOOD LUCK



alveoli

• Alveoli are the site of gas exchange

• Alveoli are lined by flat pneumocytes ( type I pneumocytes that 
occupy 95% of the alveolar surface) and type II pneumocytes .

• type II pneumocytes secrete surfactant and are the main cells 
involved in repair after injury of type I pneumocytes.

• Surfactant lowers the surface tension inside the alveolar membrane 
to prevent them from collapsing during exhalation.. 

• Surfactant in the lung is important so the alveoli do not collapse after 
expiration



Diffusion of gases

• Oxygen and CO2 exchange happens through diffusion

• Diffusion depends on: surface area, thickness of the diffusion 
membrane and concentration gradient.. All criteria favoring maximum 
diffusion are seen in the alveoli.

Alveoli are designed to achieve maximum gas exchange :

1.They have a huge surface area

2.Thin diffusion membrane

3.Concentration gradient kept to maximum because of the rich blood 
supply



RESORPTION ATELECTASIS

• OBSTRUCTION BY:

*MUCOUS OR MUCOPURULENT PLUG (POST-OP, ASTHMA, 
BRONCHIECTASIS OR CHRONIC BRONCHITIS)

*TUMOUR.

*FOEIGN BODY .



COMPRESSION ATELECTASIS

ACCUMOLATION OF :

• FLUID (PLEURAL EFFUSION)

• BLOOD (HAEMOTHORAX)

• AIR (PNEUMOTHORAX)

ALL WITHIN THE PLEURAL CAVITY.



CONTRACTION ATELECTASIS

• IS DUE To LOCAL OR GENERALISED FIBROSIS.

• Atelectasis (except when caused by contraction) is potentially 
reversible and should be treated promptly to prevent hypoxemia and 
superimposed infection of the collapsed lung. 



ARDS manifest as

1. Acute onset of dyspnea, 

2.  Decreased arterial oxygen pressure (hypoxemia),refractory to 
oxygen 

3.  Development of bilateral pulmonary infiltrates on the chest 
radiograph ( due to pulmonary edema)

4. Absence of clinical evidence of primary left-sided heart failure
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The usual course is characterized by:

A. Rapid onset of life-threatening respiratory insufficiency

B. severe arterial hypoxemia that is refractory to oxygen therapy and 
may progress to multisystem organ failure 



Causes of ARDS



PATHOGENESIS 

- The alveolar-capillary membrane is formed by two separate 
barriers: the microvascular endothelium and the alveolar 
epithelium. 

- In ARDS, the integrity of this barrier is compromised by either 
endothelial or epithelial injury, or, more commonly, both. 

11



The acute consequences of damage to the alveolar capillary membrane 
include:

1.  Increased vascular permeability and alveolar flooding

2.   Loss of diffusion capacity, 

3.  Widespread surfactant abnormalities caused by damage to type II 
pneumocytes causing decreased surfactant.
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As early as 30 minutes after an acute insult, 
ARDS: pathogenesis

A. Increased synthesis of interleukin 8 (IL-8), a potent neutrophil 
chemotactic and activating agent, by pulmonary macrophages. This 
is seen as early as the first 30 minutes of lung injury.

B. B.  Release of   IL-1 and tumor necrosis factor (TNF), leading to 
endothelial activation

C. Activated neutrophils release a variety of   oxidants, proteases, 
leukotrienes that cause damage to the alveolar epithelium and 
endothelium

D. Combined assault on the endothelium and epithelium increases 
vascular leakiness and loss of surfactant that render the alveolar 
unit unable to expand. 
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Note:

- Neutrophils are thought to have an 
important role in the pathogenesis of 
ARDS
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Histopathological features of ARDS

1.  Capillary congestion, 

2.  Necrosis of alveolar epithelial cells,

3. Interstitial and intra-alveolar edema and hemorrhage,

4. Increased numbers of neutrophils within the vascular space, the 
interstitium, and the alveoli

5. The most characteristic finding is the presence of hyaline 
membranes lining the alveolar ducts 



Hyaline membrane

Composed of :

a. fibrin-rich edema fluid 

b. Remnants of necrotic epithelial cells. 

NOTE: Overall, the picture is  similar to that seen in respiratory distress 
syndrome in the newborn



ARDS: outcome

-With improvements in supportive therapy, the mortality rate  ARDS 
cases occurring yearly has decreased from 60% to 40% in the last 

decade.

- If  the patient survives the acute stage, diffuse interstitial fibrosis may 
occur, with continued compromise of respiratory function. 

- in most patients who survive the acute insult and are spared the 
chronic fibrosis, normal respiratory function returns within 6 to 12 
months



Obstructive versus restrictive lung diseases

Obstructive lung diseases: limitation of airflow due to partial or 
complete obstruction. Expiration affected more than inspiration.

Expiratory obstruction may result either from 

A. Anatomic airway narrowing, such as in  asthma and chronic 
bronchitis 

B. Loss of elastic recoil (functional obstruction)characteristic of 
emphysema





COPD= chronic obstructive pulmonary 
disease

• = Chronic bronchitis and emphysema

• These two are distinct diseases but they overlap and coexist in the 
same patient because both are caused by smoking.



Differences between chronic bronchitis and 
emphysema

- The definition of emphysema is morphologic, whereas chronic 
bronchitis is defined on the basis of clinical features

- The anatomic distribution is  different; chronic bronchitis initially 
involves the large airways, whereas emphysema affects the acini. 

- Clinical presentation differs ( details later)
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Emphysema: definition

• Abnormal permanent enlargement of the air spaces  distal to the 
terminal bronchioles accompanied by destruction of their walls 
without fibrosis



Types of emphysema

1.  Centriacinar (Centrilobular) Emphysema 

- The central or proximal parts of the acini, formed by 
respiratory bronchioles, are affected, while distal alveoli are 
spared 

- Both emphysematous and normal air spaces exist within the 
same acinus and lobule 

The lesions are more common and severe in the upper lobes.

- This type of emphysema is most commonly caused by  smoking
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2.   Panacinar (Panlobular) Emphysema  

- The acini are uniformly enlarged, from the level of 
the respiratory bronchiole to the terminal blind 
alveoli 

- Tends to occur more commonly in the lower lung 
zones 

- It occurs in α1-antitrypsin deficiency. 
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3. Distal Acinar (Paraseptal) 

- It involves  the distal part  of the acinus.

- The  proximal portion of the acinus is normal

- Is more striking adjacent to the pleura, along the lobular 
connective tissue septa
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PARASEPTAL EMPHYSEMA

- It occurs adjacent to areas of fibrosis

- The characteristic finding is the presence of multiple, 
enlarged air spaces ranging in diameter from less than 
0.5 mm to more than2.0 cm, sometimes forming cystic 
structures that, with progressive enlargement, are 
referred to as bullae

- Ruptured bullae cause spontaneous pneumothorax 
especially in young adults. 
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PATHOGENESIS/ 1  
- Exposure to toxic substances such as tobacco smoke 

and inhaled  pollutants induces ongoing 
inflammation with accumulation of neutrophils, 
macrophages and lymphocytes in the lung.

- Neutrophils release  elastases, cytokines (including 
IL-8) and oxidants  causing epithelial injury and 
proteolysis of the extracellular matrix (ECM).
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PATHOGENESIS/ 2

-Unless checked by antielastases (e.g., α1-antitrypsin) 
and antioxidants, the cycle of inflammation and ECM 
proteolysis continues. 

- More than 80% of patients with congenital α1-
antitrypsin deficiency develop symptomatic 
panacinar emphysema, which occurs at an earlier 
age and with greater severity if the affected person 
smokes .
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PATHOGENESIS/ 3 
In emphysema there is loss of not only epithelial and 

endothelial cells but also mesenchymal cells, 
leading to lack of extracellular matrix, the 
scaffolding upon which epithelial cells would have 
grown. 
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Clinical Features 

- Dyspnea usually is the first symptom which  begins 
insidiously but is steadily progressive. 

-Weight loss is common and may be so severe as to suggest a 
hidden malignant tumor. 

- The classic presentation in emphysema with no "bronchitic" 
component is one in which the patient is

a. Barrel-chested and dyspneic, 

b. with obviously prolonged expiration,

c. Sitting forward in a hunched-over position, attempting to 
squeeze the air out of the lungs with each expiratory effort. 
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Clinical features:

-Dyspnea and hyperventilation are prominent, so 
that until very late in the disease, gas exchange is 
adequate and blood gas values are relatively 
normal. 

- Because of prominent dyspnea and adequate 
oxygenation of hemoglobin, these patients 
sometimes are called "pink puffers." 
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CHRONIC BRONCHITIS/ definition

• The presence of a persistent productive cough for at 
least 3 consecutive months in at least 2 consecutive 
years. 

• so: diagnosis is based on clinical criteria ( remember 
that emphysema diagnosis is based on morphological 
features)



pathogenesis

• Smoking causes:

• 1.  inflammation and fibrosis of trachea and bronchi. This 
inflammation is mediated by neutrophils, macrophages and 
lymphocytes.

• 2. hypertrophy of sub mucosal mucous secreting glands as well as 
goblet cell hyperplasia of smaller bronchi and bronchioles



Note

-In the early stages of the disease, the productive cough raises 
mucoid sputum, but airflow is not obstructed ( because large
airways are affected and even narrowed, they are large enough 
for the inhalation and exhalation to remain within normal 
limits) 



Obstructive features in chronic bronchitis are the result of:

1. Small airway disease –(chronic bronchiolitis) which is  
induced by:

a.    Goblet cell metaplasia with mucous plugging of the bronchiolar 
lumen,

b.    Inflammation, 

c. Bronchiolar wall fibrosis,

2. Coexistent emphysema



Morphology/ microscopic features

- Enlargement of the mucus-secreting glands in trachea and large 
bronchi.

- The magnitude of the increase in size is assessed by the ratio of the 
thickness of the submucosal gland layer to that of the bronchial wall 
(the Reid index-normally 0.4).



Clinical Features 

- In patients with chronic bronchitis, a prominent 
cough and the production of sputum may persist 
indefinitely without ventilatory dysfunction 

- Some patients develop significant COPD with 
outflow obstruction. 



- Patients have :hypercapnia, hypoxemia, and (in severe 
cases) cyanosis (hence the term "blue bloaters"). 

- Hypercapnea: due to expiratory obstruction causing CO2 
retention

- Hypoxemia: due to ventilation/perfusion mismatch that 
happens due to increased cardiac output.



Clinical Features 

- In patients with chronic bronchitis, a prominent 
cough and the production of sputum may persist 
indefinitely without ventilatory dysfunction 

- Some patients develop significant COPD with 
outflow obstruction. 



Bronchiectasis

- permanent dilation of bronchi and bronchioles 
caused by destruction of the muscle and the 
elastic tissue, resulting from or associated with 
chronic necrotizing infections.

- It is not a primary disease but secondary to 
persisting infection or obstruction caused by a 
variety of conditions.
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The Predisposing  conditions include: 

1. Bronchial obstruction and  common causes are :

a- Tumors, foreign bodies, and  impaction of mucus.

- With these conditions, the bronchiectasis is 
localized to the obstructed lung segment. 

b- Bronchiectasis can also complicate atopic 
asthma and chronic bronchitis. 

42



3.Necrotizing, or suppurative, recurrent  
pneumonia, particularly with  Staphylococcus 
aureus or Klebsiella spp., may predispose 
affected patients to development of 
bronchiectasis.

Note:  Posttuberculosis bronchiectasis continues 
to be a significant cause of morbidity in endemic 
areas.
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Clinical Features 

- severe, persistent cough with 
expectoration of mucopurulent sputum. 

- The sputum may contain flecks of blood; 
frank hemoptysis can occur. 

. 
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Bronchial asthma

• Asthma is a chronic inflammatory disorder of the airways that causes 
recurrent episodes of wheezing, breathlessness, chest tightness, and 
cough, particularly at night and/or early in the morning. 



Asthma is characterized by:

1. Intermittent and reversible airway obstruction, 

2. Chronic bronchial inflammation with eosinophils

3. Bronchial smooth muscle cell hypertrophy and hyperreactivity,

4. Increased mucus secretion. 



Types of asthma

1. Atopic Asthma 

- This is the most common type of asthma,

- Usually beginning in childhood,

- Is a classic example of type I IgE-mediated hypersensitivity reaction

- A positive family history of atopy and/or asthma is common,

- Asthmatic attacks are often preceded by allergic rhinitis, urticaria, or eczema. 

- The disease is triggered by environmental antigens, such as dusts, pollen, and foods

-A skin test with the offending antigen results in an immediate wheal-and-flare reaction. 

- Atopic asthma also can be diagnosed based on serum radioallergosorbent tests (RASTs) that 
identify the presence of IgE specific for a panel of allergens



Types of asthma

2.  Non-Atopic Asthma 

- No evidence of allergen sensitization, 

- Skin test results usually are negative. 

-A positive family history of asthma is less common than in atopic sthma.

- Respiratory infections due to viruses (e.g., rhinovirus, parainfluenza virus) 
and inhaled air pollutants (e.g., sulfur dioxide, ) are common triggers. 

- It is thought that virus-induced inflammation of the respiratory mucosa 
lowers the threshold of the subepithelial vagal receptors to irritants. 



Types of asthma

3. Drug-Induced Asthma 

- Several pharmacologic agents provoke asthma--aspirin being the 
most striking example

-Patients with aspirin sensitivity present with recurrent rhinitis and 
nasal polyps, urticaria, and bronchospasm

-The precise mechanism remains unknown, but it is presumed that 
aspirin inhibits the cyclooxygenase  pathway of arachidonic acid 
metabolism without affecting the lipoxygenase route, thereby shifting 
the balance of production toward leukotrienes that cause bronchial 
spasm.  



pathogenesis

Role  of type 2 helper T (TH2) cells may be critical to the pathogenesis 
of asthma.

- The classic atopic form of asthma is associated with an excessive TH2 
reaction against environmental antigens.



T helper 2 ells

Cytokines produced by TH2 cells account for most of the features of 
asthma

a.IL-4 stimulates IgE production,

b. IL-5 activates eosinophils, 

c. IL-13 stimulates mucus production



- Repeated bouts of inflammation lead to structural changes in the 
bronchial wall, referred to as airway remodeling:

1.   Hypertrophy of bronchial smooth muscle and mucus glands,  

2.   Deposition of subepithelial collagen. 



Histologically,

a.  The mucous plugs contain whorls of shed 
epithelium (Curschmann spirals). 

b. Numerous eosinophils 

c. Charcot-Leyden crystals (collections of 
crystalloids made up of eosinophil proteins) in 
the mucus.



• THANK YOU AND GOOD LUCK



Airway remodeling," include

a. Thickening of airway wall Sub-basement membrane 
fibrosis 

b. Increased vascularity in submucosa

c. An increase in size of the submucosal glands and 
goblet cell metaplasia of the airway Epithelium

d.Hypertrophy and/or hyperplasia of the bronchial 
muscles



Clinical Features 

- An attack of asthma is characterized by severe dyspnea 
with wheezing; the chief difficulty lies in expiration.

.

- Occasionally a severe paroxysm occurs that does not 
respond to therapy and persists for days and even weeks 
(status asthmaticus). 


