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OBJECTIVES:

• Function and anatomy 

• Atelectasis (Collapse)

• Acute respiratory distress syndrome (ARDS)

• Restrictive vs. Obstructive lung diseases



FUNCTION AND ANATOMY:

The major function of the lung is to replenish 

oxygen and remove carbon dioxide from blood.

Gas exchange, oxygenation of blood and elimination of CO2 from the body.  Thus, 
to serve this function, we need structural and anatomical features to facilitate 

this function.  This leads to the next slide ->



This takes us here! The tracheo-bronchial tree

The trachea 
bifurcates at the 
level of the 
sternal angle. It 
splits into the 
right and left 
bronchus

The 2 main bronchi 
will undergo further 
division, fulfilling 
their jobs as airway 
passages to reach the 
ultimate point of gas 
exchange- Alveolus 

In summary! Trachea-> Main right/left bronchi-> Lobar bronchi (correlating with a lung lobe) sectioned 

as  (superior, middle, inferior on the right side) and only (superior, inferior on the left side)-> segmental 
bronchi



By TeachMeSeries Ltd (2019)https://teachmeanatomy.info/thorax/organs/tracheobronchial-tree/



Bronchi will split into bronchioles:

Question: What's the difference between bronchi and bronchioles in terms of wall structure ?
Answer: The presence of cartilage and submucosal glands!

The part of the lung distal to the terminal bronchioles: acini! Or its singular form: acinus, this is 
the ultimate point of gas exchange as well as the blind end of the respiratory passages.

Question! What 
makes up the 
acinus??
1. Respiratory 

bronchioles 
(branch of 
terminal 
bronchioles)

2. Alveolar sacs 
3. Alveolar ducts 



Do not forget! The alveoli wall's function is to facilitate gas exchange!
This takes us here; the ultra-structure of the alveolar walls:

If you look here; inside 
the alveolar walls, we 
have capillaries

Thus for gas exchange to happen between the capillary wall and the air within the alveolar spaces, 

The air inside alveoli has to pass along the 1) endothelium -> 2) basement membrane-> 3) interstitium-> 
4) basement membrane again (of the alveoli) -> 5) Epithelium lining the alveolar space 

There is 2 types of alveolar epithelium:
Type 1 pneumocytes

1.  95% of the lining epithelium

2. They are flattened epithelial cells 
Question: What's their function?

Answer; Gas Exchange 

Type 2 pneumocytes
1. Rounded cells with granules in 

their cytoplasm 

2. Accounting for 5% of lining 
epithelium 

Question; What's their function?

Answer: Function 1) Production of 
surfactants, they reduce surface 

tension by forming a film that 
decreases attraction between the 
water molecules, preventing the 

collapse of the alveoli
Function 2) Repair! Especially after 
the damage of type 1 epithelium, they 

replace them 

Those capillaries are 
lined by endothelial cells 

and contain the blood.



ATELECTASIS (LUNG COLLAPSE)

https://teachmesurgery.com/perioperative/cardiorespiratory/atelectasis/

Let’s orientate ourselves: We are at the level of the alveolar spaces, the acini! 

On the Right side 
we can see the 

white spaces, this 
is the air!

On the left 
side, the 
picture looks 
busy, its more 
purple and 
packed, there's 
an absence in 
air molecules, 
there's no 
spaces 
between 
alveolar walls, 
thus this area 
represents the 
area of 
atelectasis





ATELECTASIS (COLLAPSE)

Is (lung collapse) loss of lung volume caused by inadequate 

expansion of air spaces. meaning the volume available for gas 

exchange? Lost!

• It results in shunting of inadequately oxygenated 

blood from pulmonary arteries into pulmonary veins 

→ resulting in ventilation perfusion imbalance and 

hypoxia.

The collapsed airway are at risk of infection Why?? Due to 

reduced circulation 

Question; What does  
the severity of the 
condition depend on?
 Answer: the amount of 
lung volume lost!

We can deduce that the 
consequences of 
atelectasis depend on 
the volume lost:
1. Very small loss?-> 

asymptomatic 
2. Large volume loss? -

> Hypoxemia 



❖ Classification is based on their mechanism:

• Resorption atelectasis (obstruction atelectasis)

• Compression atelectasis

• Contraction atelectasis (cicatrization atelectasis)

THREE TYPES OF ACQUIRED 

ATELECTASIS:
Meaning there’s congenital atelectasis! But it's 
not our topic for today. We are focusing on 
previously inflated lungs that collapsed



The dashed line represents:

Normal lung volume  

The yellow line 
represents:

The lung volume 

available to the patient 

What’s the mechanism ? Complete 
obstruction of the bronchus.

 What can we deduce? air can't 

reach the site distal to the 
obstruction

But.. Question; The lung was 
previously inflated why did it 

collapse ?! 

Answer: the air present will 
gradually get absorbed into the 

circulating blood until complete 

collapse of lung 

So… it'll happen gradually not 

immediately!



1.RESORPTION ATELECTASIS

• Due to total obstruction of an airway (bronchi, segmental 

bronchi or terminal bronchi) preventing air from reaching 

distal airways.

• The air already present in the distal airways gradually 

resorbed resulting in alveolar collapse.



RESORPTION ATELECTASIS, CAUSED BY:
• The most common cause is Obstruction of a bronchus by:

✓ Intra-bronchial mucous or mucopurulent plugs in 

post operative patients (further details in the next slide)

✓ Foreign body aspiration, especially in children What's the 

solution?? Bronchoscopy to remove stuck body

✓ Obstructive lung disease: bronchial asthma, 

bronchiectasis, chronic bronchitis

✓ Intra-bronchial tumors.

What's the mechanism? There will be hyper secretion of mucus, inflammation, 
and bronchospasm (in asthma). All can cause  obstruction that leads to atelectasis 



Postoperative mucous accumulation 

✓ Excessive mucus secretion! In whom specifically? Postoperative patients (major surgeries; open heart or a 
knee replacement…)

Potential Risk factors:
1. Long hospital stays
2. Long time under general anesthesia, meaning a long time of respiratory drive suppression with accumulation 

of mucus secretion.
3. Bedridden, No movement to aid in the clearance of the mucus.
4. Intense Postoperative pain that prevent patient from taking a deep breath 

So as a Physician how can I prevent the development of resorption?
1. Early ambulation (movement as soon as possible)
2. Drugs
3. Spirometer (blowing in it helps in taking a deep breath, and thus clearance of secretions)
4. Dismissal of hospital as soon as possible 

Question: How do I know that a patient developed atelectasis ?
Answer: In 72 hours after surgery they develop, low-grade fever, dyspnea, shortness of breath, tachypnea

How do you know if a patient has shortness of breath? They start panting, incapable of catching their breath 



Reversibility? Resorption

or

Is the process reversible? Meaning if I removed the cause of obstruction, will the air re-enter 
and cause inflation of air spaces, allowing this previously obstructed part to gas exchange?

Balloon Analogy;
If I blow a balloon and then tied its 

opening, if I untie the knot and blow 

once again, will it inflate? YES! 
No etiology affected the elasticity of 

this balloon, nor its wall thus its -> a 

reversible process.

Resorption is, 
indeed, REVERSIBLE 



What can I interpret from the image?
Accumulation of a certain amount of 

“something” in the pleural cavity that 

produced mechanical pressure on the 
adjacent airways including the alveoli 

(their walls are weak and delicate), this 

leads to-> collapse:
What could possibly accumulate ?

• Liquid (fluid)- possibly blood, pus, 

(exudate, transudate) as a result of 
congestive heart failure leading to 

pleural effusion

• Solid- tumor
• Gas (air)- someone with a stab wound to 

the chest leading to pneumothorax, 

causing mechanical oppression in 
adjacent lung, ending in collapse



2. COMPRESSION ATELECTASIS

• caused by the accumulation of significant amount of fluid 

(blood, exudate or transudate), air (pneumothorax) or 

tumor within pleural cavity, which mechanically collapse 

adjacent lung (small airways and alveoli)

• E.x:

a. Pleural effusion: in Congestive Heart Failure

b. Pneumothorax: air in the pleural cavity due to RTA

RTA; road traffic accident 



Reversibility? Compression

or

Is this process reversible? Meaning if I placed a tube in the intercostal space of the accumulation and removed 
the accumulation, will there be normal expansion of the alveoli, re-entrance of air and gas exchange?

YES! Compression is 
a Reversible Process



Contraction/cicatrization 
atelectasis-
Involves scarring/Fibrosis 
Fibrous tissue deposition, could be
1) Diffuse (in the whole lung)
2) Localized
Its Location could be in the:
1) Lungs
2) Pleura 
3) Both

Again, the dashed line 
represents the 

expected lung volume

The lung volume of a patient with contraction.The difference is the 
lost lung volume due 

to contraction



Reversibility? Contraction

or

Is this process reversible ?
N0! Fibrosis/scarring took place



3. CONTRACTION ATELECTASIS 

(CICATRIZATION ATELECTASIS)

• Occurs due to local or generalized fibrosis/scarring of the 

lung or pleura that prevents full expansion of the lung



Reversibility?

or



ACUTE RESPIRATORY DISTRESS 

SYNDROME (ARDS)

ARDS defined as respiratory failure (Failure of the respiratory function-> gas 

exchange either the oxygenation or the elimination of CO2) occurring within 1 week

of a known clinical insult with bilateral opacities on chest imaging, NOT

fully explained by effusions, atelectasis, cardiac failure, or fluid overload.

• considered to be the severe end of a spectrum of acute lung injury

• The histologic manifestation of this disease is called

diffuse alveolar damage (DAD)

The definition is still evolving, as well as the epidemiology 



Sudden deterioration of the pulmonary functions in days of Covid-19 was due to ARDS

As a physician, how can you induce that your patient has respiratory failure??
• Cyanosis, Dyspnea, Tachypnea 
What else?
• If you were to order an ABG (arterial blood gases), The O2 would be low whilst the CO2 would be high

Commonly, patients who develop ARDS are hospitalized for another condition, There are multiple 
predisposing conditions associated with ARDS, but there are 4 condition that account for more than 50% of 
the triggers:, They are as followed:
1. Sepsis
2. Diffuse pulmonary infection
3. Gastric aspiration 
4. Major trauma (especially head trauma) 

Clinical scenario Question: A patient admitted to the hospital after a car accident, with a head trauma, he 
experienced shortness of breath and cyanosis, when you ordered ABG you found the O2 low and CO2 high 
what's your next step?? 
Answer: Chest X-ray! if you found bilateral opacities on both lungs, (radio-densities; common 
manifestation of ARDS) you will still have rule out other possibilities, especially the cardiogenic causes 
first! For example, heart failure, pleural effusion, atelectasis, fluid overload, once you exclude all other 
causes the diagnosis is -> ARDS 



ARDS

➢graded based on the severity of the changes in arterial blood oxygenation 

into mild, moderate and severe (The lower the oxygen levels, the more severe 
the condition becomes)

➢Severe ARDS characterized by rapid onset of life-threatening respiratory 

insufficiency, Cyanosis , Severe arterial hypoxemia that becomes 

refractory to oxygen therapy (The issue is not with oxygen intake, but rather 

a failure in gas exchange due to diffuse damage to the Type I pneumocytes) and 

may progress to multisystem organ failure with high mortality rate.



*

As a doctor, you need a high index 

of suspicion to diagnose ARDS
For further information :

Click here

need%20a%20high%20index%20of%20suspicion%20and%20a%20keen%20clinical%20eye,%20as%20early%20signs%20can%20be%20subtle%20but%20early%20recognition%20improves%20outcomes


➢ ARDS should not be confused with respiratory 

distress syndrome of the newborn; the latter is caused 

by a deficiency of surfactant caused by prematurity.

✓ But both of them are associated with hyaline membrane formation.



PATHOGENESIS

أ س تغفر الله العظيم وأ توب ا ليه 



Robbins and Cotran pathologic basis of disease, 9th edition

➢ This side represents the alveolar 
wall of a healthy patient with no 
pulmonary pathology:

✓ The alveolar wall is lined by:
1. Type I pneumocytes, which are 

responsible for gas exchange.
2. Type II pneumocytes, which 

produce surfactant.
✓ Alveolar macrophages are present 

within the alveolar space as part of 
normal immune surveillance.

✓ The interstitium is thin and clear, 
allowing efficient gas diffusion.

✓ Pulmonary capillaries have intact 
endothelial cells with tight 
junctions, maintaining normal 
vascular permeability.

✓ Surfactant is present and 
functional, preventing alveolar 
collapse.

✓ Within 30 minutes of an acute 
insult such as pancreatitis, 
severe infection, head trauma, 
etc:

o Alveolar macrophages become 
activated.

✓ Macrophage activation occurs:
o Directly, if the insult is within 

the lung (e.g., pneumonia).
o Indirectly, via inflammatory 

mediators released into the 
circulation that reach the 
lungs.

o See the next slides for more 
details ☺

➢ This side represents a patient 
with Acute Respiratory 
Distress Syndrome (ARDS):



➢ Macrophage Activation and Cytokine Release
✓ Activated alveolar macrophages release pro-inflammatory cytokines, including: IL-1, IL-8, TNF.
o These cytokines initiate a strong inflammatory response aimed at recruiting neutrophils from the intravascular 

compartment into the intra-alveolar space; to start the inflammatory process.

➢ Endothelial Activation and Neutrophil Migration
✓ The released cytokines:
o Activate pulmonary endothelial cells.
o Induce expression of adhesion molecules on endothelial surfaces.
o Increase vascular permeability by widening gaps between endothelial cells.
o Create a chemotactic gradient that attracts neutrophils.
✓ Neutrophils:
o Adhere to endothelial adhesion molecules.
o Migrate through the interstitium.
o Finally reach the intra-alveolar compartment.

➢ Role of Neutrophils (Main Effector Cells)
✓ Once inside the alveoli, neutrophils become activated and release:
o Proteases
o Reactive oxygen species (ROS)
o Leukotrienes
o Platelet-activating factor (PAF)
✓ All of these mediators have destructive effects on lung tissue.

Some of this is mentioned in the original slides, but the doctor explained 
it in more details, so I clarified what she explained during the lecture.



Some of this is mentioned in the original slides, but the doctor explained 
it in more details, so I clarified what she explained during the lecture.

➢ Consequences of Tissue Injury
✓ Damage to Type I pneumocytes → Loss of effective gas exchange.
✓ Damage to Type II pneumocytes → Decreased surfactant production.
✓ Damage to elastic and collagen fibers of the alveolar walls.
✓ Increased vascular permeability leads to:
o Leakage of protein-rich fluid into the alveolar space.
o This fluid washes away surfactant, which normally prevents alveolar collapse.
❖ Result:
✓ Alveolar collapse 

➢ Hyaline Membrane Formation (Hallmark of Acute ARDS)
✓ The leaked fibrin-rich fluid, together with necrotic epithelial cell debris:
o Accumulates along the alveolar walls.
o Forms hyaline membranes.
✓ Hyaline membranes are:
o Bright eosinophilic structures on histology.
o A characteristic feature of the acute phase of ARDS.

➢ Diffuse Alveolar Damage and Balance of Forces
✓ If the inflammatory process continues: It leads to Diffuse Alveolar Damage (DAD).
✓ However, the body activates protective mechanisms, including: Release of antiproteases & antioxidants.
o These protective forces attempt to balance tissue destruction.
✓ The final outcome depends on the balance between: Inflammatory damage & Protective and reparative mechanisms.



➢ Why Patients Outcomes Differ?
✓ The response varies between patients due to:
o Genetic differences.
o Variations in: Rate of cytokine release, intensity of neutrophil activation, duration of the inflammatory response.
o Differences in the strength of protective mechanisms.
✓ Therefore, clinical outcomes differ from one patient to another.

➢ Healing Phase (If the Patient Survives the Acute Insult)
✓ Resolution of Inflammation: If the initiating cause is removed (e.g., pneumonia is successfully treated), the 

inflammatory process stops, and the lung enters the healing phase.

✓ Role of Growth Factors: Alveolar macrophages release fibrogenic factors, primarily TGF-β and the platelets release 
Platelet-Derived Growth Factors (PDGF).

✓ Fibroblast Activation: These factors stimulate the proliferation of fibroblasts within the interstitium.

o Fibroblasts begin collagen deposition, leading to fibrosis and subsequent thickening of the alveolar wall.

✓ Cellular Regeneration: Residual type II Pneumocytes proliferate and differentiate to regenerate and replace the 
damaged Type I pneumocytes.

✓ Endothelial Cells: Residual healthy endothelial cells proliferate to replace the dead cells and restore the vascular 
barrier.

اللهم صلمِّ وسلّم وبارك على س يدنا محمد 

Some of this is mentioned in the original slides, but the doctor explained 
it in more details, so I clarified what she explained during the lecture.



PATHOGENESIS:

➢ the integrity of the alveolar-capillary membrane is compromised by endothelial 
and epithelial injury.

➢As early as 30 minutes after an acute insult, there is increased synthesis and 
release of IL-8, IL-1 and TNF by pulmonary macrophages.

➢ leading to endothelial activation and sequestration activation & chemotaxis of 
neutrophils in pulmonary capillaries.

Explained earlier 



PATHOGENESIS/CONT

➢Activated neutrophils release reactive oxygen species & proteases that 

damage the alveolar epithelium and endothelium causing vascular 

leakiness and loss of surfactant that render the alveolar unit unable to 

expand.

➢the destructive forces are counteracted by endogenous anti- proteases and 

anti-oxidants

Explained earlier 

لا حول ولا قوة ا لا بالله 



➢ In the end, it is the balance between the destructive and protective factors that 

determines the degree of tissue injury and clinical severity of the ARDS.

Explained earlier 

Additional; Chest x-ray 
findings in a patient with ARDS 

“bilateral opacities“



HISTOLOGY:

• In the acute phase of ARDS :

➢The most characteristic finding is the presence of hyaline 
membranes, they cannot be seen during either the healing 
or the organization phase.

➢consists of fibrin-rich edema fluid admixed with remnants 
of necrotic epithelial cells



FIGURE 13.3A,ROBBINS BASIC PATHOLOGY, 10TH EDITION

➢ This picture is during the 
acute phase of the ARDS.

➢ Some of the alveoli are still 
patent and the other are 
collapsed.

➢ Notice the bright 
eosinophilic material that 
is lining the alveolar wall , 
which is the HYALINE 
MEMBRANE.



HISTOLOGY:

o In the organizing stage:

➢proliferation of type II pneumocytes

➢ intraalveolar fibrosis /scarring due to organization of the fibrin-rich 
exudates and debris.

➢Marked thickening of the alveolar septa due to proliferation of 
interstitial cells and collagen deposition.



FIGURE 13.3B,ROBBINS BASIC PATHOLOGY, 10TH EDITION

➢ This picture is during the 
organizing or healing 
stage of ARDS.

➢ There are some of dilated 
air spaces, the others are 
collapsed.

➢ NO hyaline membranes.

➢ Proliferation of type II 
pneumocytes (Rounded 
hobnail cells)

➢ The alveolar walls are 
wider; due to the 
fibroblast proliferation 
and collagen deposition.



CLINICAL FEATURES

• Patients are hospitalized for one of the predisposing conditions but 
suddenly they start to develop respiratory failure.

• Profound dyspnea and tachypnea followed by increasing cyanosis 

and hypoxemia, respiratory failure, and the appearance of diffuse 

bilateral infiltrates on radiographic examination.

• Hypoxemia may be refractory to oxygen therapy due to ventilation-

perfusion mismatch, and respiratory acidosis can develop.



What is ARDS!!



OUTCOME:

➢The overall hospital mortality rate is 38.5%.

➢The majority of deaths are attributable to sepsis, multiorgan 
failure, or severe lung injury.

➢Most patients who survive the acute insult recover normal 
respiratory function within 6 to 12 months, but the rest have lung 
damage resulting in interstitial fibrosis and chronic pulmonary 
disease depending on the degree of the fibrosis.



PREDICTORS OF POOR PROGNOSIS

1.advanced age
2.bacteremia (sepsis)
3.development of multiorgan failure

س بحان الله وبحمده

س بحان الله العظيم 



DIFFUSE PULMONARY DISEASES can be 
classified into two Categories:

Will be discussed later Insha’allah.

1. OBSTRUCTIVE AIRWAY DISEASES: characterized by an increase in 
resistance to airflow caused by partial or complete obstruction at 
any level

2. RESTRICTIVE DISEASES: characterized by reduced expansion of lung 
parenchyma and decreased total lung capacity. (Lungs are 
restricted from filling, so the total lung volume and capacity are 

decreased).



Restrictive defects occur in twogeneral conditions:

o 1. chest wall disorders in the presence of normal lungs:
• severe obesity, diseases of the pleura, and neuromuscular 

disorders that affect the respiratory muscles causing limited 
expansion of the lungs.

o 2. acute or chronic interstitial lung diseases:
➢The classic acute restrictive disease is ARDS.
➢Chronic restrictive diseases include the pneumoconioses, 

interstitial fibrosis of unknown etiology, and sarcoidosis.
Will be discussed later Insha’allah.



A 52-year-old gentleman admitted to the ICU with severe pneumonia. Despite appropriate 

antibiotics, he develops worsening shortness of breath, hypoxemia, and bilateral diffuse 

infiltrates on chest X- ray. He was placed on mechanical ventilation. Over the next 24 hours, he 

becomes increasingly tachypneic, and his oxygen saturation remains low despite increased 

ventilatory support. The figure highlights the main histopathologic findings.Based on your best 

diagnosis, Which of the following best explains the initial pathogenesis of this patient's condition?

A) Excessive mucus production leading to small airway obstruction

B) Loss of surfactant due to type Il pneumocyte necrosis

C) Neutrophil-mediated damage to alveolar epithelium and capillary                                  

endothelium

D) Chronic fibrosis with reduced lung compliance

E) Pulmonary vasoconstriction

Answer: C



https://baytowncrimestoppers.com/baytowns-most-wanted/unsolved-crimes/



A 58-year-old man with ischemic heart disease 

undergoes coronary artery bypass graft surgery under 

general anesthesia. Two days postoperatively, he 

experiences increasing respiratory difficulty with 

decreasing arterial oxygen saturation. On physical 

examination, his heart rate is regular at 78/min, 

respirations are 25/min, and blood pressure is 135/85 

mmHg. The hemoglobin concentration has remained 

unchanged, at 13.7 g/dL, since surgery. After he 

coughs up a large amount of mucoid sputum, his 

condition improves. Which of the following types of 

atelectasis does he most likely have?

A) Compression B) Contraction

C) Resorption



A 58-year-old man with ischemic heart disease undergoes coronary artery 

bypass graft surgery under general anesthesia. Two days postoperatively, he 

experiences increasing respiratory difficulty with decreasing arterial oxygen 

saturation. On physical examination, his heart rate is regular at 78/min, 

respirations are 25/min, and blood pressure is 135/85 mmHg. The 

hemoglobin concentration has remained unchanged, at 13.7 g/dL, since 

surgery. After he coughs up a large amount of mucoid sputum, his condition 

improves. Which of the following types of atelectasis does he most likely 

have?

A) Compression

B)  Contraction

C)  Resorption Answer: C
To see how the doctor analyzed 
the cases, please refer to the last 

five minutes of the lecture.

https://youtu.be/HwCkUI5WsR8?si=KVQzpm9BKFv0ryYp
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THANK YOU!
<3لا تنسونا من صالح دعائكم   



PATHOLOGY QUIZ

QUIZ
LECTURE #

https://docs.google.com/forms/d/e/1FAIpQLSfxeo_8uWE4AGdz3M0TaUMgMxHFIqvCro_fadnNYJzn_9lc3A/viewform?usp=dialog


External Resources رسالة من الفريق العلمي

💜Take a break 

Take a break 

https://youtu.be/jfZ_tCupttk?si=wIBBNeWd1gWzvHls


Corrections from previous versions:

Scan the QR code or click it for FEEDBACK QR code
for access of feedback form

Versions Slide # and Place of Error Before Correction After Correction

V0 → V1 5
Superior/inferior/middle on 

the right side and 
superior/inferior on the left side 
were mentioned as sections of 

segmental bronchi

Superior/inferior/middle on the 
right side and only 

superior/inferior on left side are 
sections of lobar bronchi 

V1 → V2

https://forms.gle/opoAfi9fg4nHYAhA7
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