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Introduction
To understand the pathology of the Respiratory System, we must first know the
exact way it works. The RS is the system in your body that facilitates the
exchange of oxygen and carbon dioxide in RBCs.
To start off, the RS is divided into two main portions:
The upper respiratory tract, which includes the nose, paranasal sinuses,
pharynx and the part of the larynx above the vocal cords. (This was excessively
explained in anatomy)
The other part is the lower respiratory tract, which includes the part of the
larynx below the vocal cords, trachea, bronchi, bronchioles and alveoli.

For the sake of this lecture, we will only go into detail about the lower
respiratory tract. The lower respiratory tract can further be divided into a
conducting part (which helps oxygen reach the respiratory region), and the
acinar part (respiratory region).

the route from the beginning of the upper respiratory tract (the nose) to the
end of the lower respiratory tract (alveoli) is not as simple as it sounds. To
increase the surface area, we have to use as much space as we can. This
requires the tract to branch as much as possible so we can achieve the highest
surface area. for simplicity, this branching is summed up in the
tracheobronchial tree, present in the next page.
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1) The trachea is the first part of the lower
respiratory tract, since it’s right below
the vocal cords. It bifurcates at the level
of the sternal angle to form the right and
left main bronchi (1).
2) The right bronchus gives three bronchi,
as the lung has three lobes, and the left
one divides into two bronchi (2,3).
3) These bronchi further divide into
bronchioles. You can easily distinguish
these bronchioles, as they lack a
cartilage and lack submucosal glands in
their walls, unlike bronchi.
if the bronchioles branch even more,
they will form terminal bronchioles,
sometimes called transitional
bronchioles, making it easier to
transition to the respiratory zone (4-15).
4) This is when the acinar part begins. The acinar part is where respiration
begins. You can tell it takes a long journey to reach this area. the terminal
(transitional) bronchioles branch to give respiratory bronchioles (16-18).
5) The respiratory bronchioles further divide to alveolar ducts, which in turn
divide immediately into alveolar sacs. These sacs are the ultimate site of gas
exchange (19-23).
The aim of this whole branching is to increase the surface area as much as
possible so we can give all body cells their need of oxygen.

**The process is quite complicated, but just focus on the image above, and try
to get as much as you can out of it. You don’t have to know every single detail,
as long as you can get the big idea of this**
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Now that we reached the alveoli, let’s take a deep look on what they are
composed of.

Alveolar space

Blood area

Basement membrane

The alveoli are composed of:
1)
2)
3)
4)

Capillary endothelium
Basement membrane
Pulmonary interstitial cells
Alveolar epithelium, which in turn have two types of cells:
type one: are flattened cells and make up 95% of the alveolar surface.
type two: are rounded cells and make up 5% of the surface. These are the
cells that produce and secrete surfactant. They also repair the epithelial
damage in type 1 cells.
5) Alveolar macrophages and mono-nuclear cells, which are not present in the
picture above. These are seen free within the alveolar spaces.
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Lung diseases
The lung diseases that we will discuss in this lecture are grouped into three
groups: Atelectasis, Acute respiratory distress syndrome (ARDS) and restrictive
and obstructive lung diseases.

1) Atelectasis:
Atelectasis: is the loss of lung volume. This is caused by inadequate
expansion of air spaces. In other words, it’s the collapse of alveoli, wither
that was in an entire lung or in one lobe. This can be caused by the
accumulation of alveolar fluid or a result to any trauma in the chest.
Atelectasis results in uneven oxygenation, thus gives a ventilation perfusion
imbalance (V/Q defect), which in turn causes hypoxia.
Atelectasis has three types depending on the mechanism of alveolar
collapse:
A) Resorption atelectasis.
B) Compression atelectasis.
C) Contraction (cicatrization) atelectasis.
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A) Resorption atelectasis:
This type of atelectasis is caused when a whole bronchus is obstructed,
causing air not to reach distal airways. The main causes for bronchial
obstruction are:
1) Intrabronchial mucous or mucopurulent plugs in post-operative patients.
2) Foreign body aspiration, especially in children.
3) Obstructive lung disease (will be explained later in the sheet); like
bronchial asthma, bronchiectasis and chronic bronchitis.
4) Intrabronchial tumors.
B) Compression atelectasis:
This type is caused by the accumulation of fluid, blood or air within the
pleural cavity, which mechanically collapses the adjacent lung. This is
caused by:
1) Pleural effusion like in congestive heart failure.
2) Pneumothorax: which is the presence of air in the pleural cavity.
C) Contraction (cicatrization) atelectasis:
It occurs do to local or generalized fibrosis of the lung or pleura that prevents
full expansion of the lung.

We also have to note that all types of atelectasis are potentially reversable,
except contraction atelectasis.
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2) Acute respiratory distress syndrome (ARDS):
ARDS is defined as respiratory failure occurring within 1 week of a known
clinical trauma/insult resulting in bilateral opacities (decrease in the gas
content) in chest imaging. It is not fully explained by effusions, atelectasis,
cardiac failure or fluid overload. It was previously considered the severe end of
acute lung injury.
In other words, ARDS is a lung failure that happens mostly in both lungs due to
infection/trauma. This results in the leakage on fluid from blood vessels to the
alveoli, preventing the lungs from working well. Patients with ARDS usually
need a ventilator to breathe.

ARDS symptoms include:
1) Respiratory insufficiency.
2) Cyanosis (bluish color of the skin or membrane), due to insufficient
oxygenation.
3) Severe arterial hypoxemia that becomes severe sometimes (refractory to
oxygen therapy) causing organ failure.

ARDS causes (most common to least common):
1) Pneumonia (35-45%).
2) Sepsis (30-35%).
3) Aspiration (something entering the airway).
4) Trauma; including brain injury, abdominal surgeries, and fractures.
5) Pancreatitis
6) Blood transfusion reactions.
** ARDS should NOT be confused with respiratory distress syndrome of
newborns. The second one is caused by deficiency of surfactant due to
prematurity**

6|Page

ARDS Pathogenesis:

1) After an injury or inflammation, there is an increase of IL-1 and IL-8 as well as
TNF-B. this causes the neutrophils to start recruiting (neutrophil chemotaxis).
2) this leads to endothelial activation and sequestration (separation of cells
from each other).
3) these activated neutrophils release ROS, leukotrienes and proteases. This
causes the damage of alveolar endothelium and epithelium casing local tissue
damage, accumulation of edema fluids, surfactant inactivation and hyaline
membrane formation.
4) as a result, the alveolar unit loses its ability to expand.
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5) the human body will try to fight the destruction by releasing anti-proteases
and antioxidants. The balance between the destruction and the human body
repair is what determines the severity of ARDS.
6) when the lung is ready to heal after the inflammation is done, which usually
doesn’t happen as most patients with ARDS don’t survive (mortality is 38.5%),
macrophages release fibrogenic cytokines and platelet-drive growth factor
stimulating fibroblasts to grow and collagen to deposit.
Patients who survive gain normal respiratory function withing 6-12 months
after the injury, but the rest develop interstitial fibrosis that leads to chronic
respiratory insufficiency.
ARDS Histology:
The bilateral injury to the alveoli (ARDS) is known histologically as diffuse
alveolar damage (DAD). The most common characteristic is the presence of
hyaline membranes and the presence of fibrin-rich edema that also contains
necrotic cells.
** please refer to the
slides to see the
colored pictures. The
final exam will
include lab pictures,
please remember to
study them well**
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We can also note the proliferation of type 2 pneumocytes (type 2 epithelial
cells) and intra alveolar fibrosis (due to the healing phase). Last, you will notice
a thickening of alveolar septa due to collagen deposit.

Type 2 pneumocytes.

Type 2 pneumocytes.

Clinical features of ARDS: patients with ARDS usually complain of more than
one of the following, which results in their hospitalization:
1)
2)
3)
4)
5)

Dyspnea (shortness of breath) and tachypnea (rapid breathing).
Cyanosis.
Hypoxemia.
Respiratory failure.
Bilateral infiltrates.

Patients who are advanced in are, have sepsis or have multiorgan failure have
a poor prognosis.
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ARDS and COVID-19:
not included in the exam. If you want to read the material for extra knowledge,
you can find it in slides (33-34).

3) Obstructive Vs. Restrictive Lung diseases:
diffuse lung diseases, which are diseases that affect the connective tissue
(interstitium) in the lung are classified into two categories: obstructive and
restrictive lung diseases.

Obstructive Lung Diseases are diseases that make it hard to exhale.
OLDs that are common: emphysema, chronic bronchitis and asthma.
Restrictive Lung Diseases are diseases that make it hard to inhale (fully
expand the lung).
RLDs that are common: pneumoconiosis, interstitial fibrosis of unknown
etiology and sarcoidosis.

These diseases occur in two main conditions:
1) chest wall disorders, but the lungs are normal:
examples include obesity, diseases of the pleura and neuromuscular
disorders that affect the respiratory muscles, like Guillain-Barre syndrome.
2) Acute or chronic lung diseases:
ARDS is a great example for this category.
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Clinical Cases:
1) 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 atelectasis.
B) Contraction atelectasis.
C) Resorption atelectasis.
D) ARDS.

2) An 82-year-old woman is brought to the ER from a long-term care facility.
4 days ago, she aspirated her lunch, and the physician on call for the facility
diagnosed her with pneumonia. During the past 24 hours, she has
developed progressive dyspnea and restlessness. At times she is gasping
for air. Chest x-ray shows diffuse infiltrates. What is her diagnosis?
A) Resorption atelectasis.
B) Restrictive lung disease.
C) ARDS.
D) chest tumor.
The answer is C for both questions.

The end, thank you so much for bearing!
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