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Lung: Structure and Pathophysiology
Regional anatomy
-
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Chest X-ray
o This is a good way to think about the structures that surround the lung and the
diseases processes associated with them
o There are 4 basic pathologic patterns seen in the lung on CXR (for more, see
Lung: CPC)
 Consolidation: fluid filling the alveolar spaces
 Reticular: thickening of the alveolar septae
 Mass: cells or material (R/O neoplasm)
 Atelectasis: loss of alveolar air by absorption, compression or contraction.
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CT scan
o High resolution CT scan (HRCT) can identify structures down to a size of 1-2 mm.
It can not only identify small structures, but also can stage diseases like
emphysema and calculate lung volumes.
o There are no clear rules for the use of CT scan versus MRI. The latter has
somewhat better detail but is technically more difficult.
o The CT scan can be combined with nuclear tags to identify and localize specific
disease processes. A common example is PET/CT scan for staging malignancies.

Internal structure: Bronchial versus Alveolar

Larynx/ trachea/ main stem bronchi
- the upper airways
- stenosis leads to stridor

Bronchi
- Cartilage rings, so no stenosis from bronchospasm
- Mucus glands undergo hyperplasia with irritation
(i.e. smoking), with productive cough
- Squamous metaplasia can be precursor to carcinoma
- Site of rhonchi
Bronchioles (non-respiratory)
- no cartilage or mucus glands
- site of bronchospasm from
smooth muscle contraction
- site of wheezing
Terminal respiratory unit
- composed of respiratory bronchiole, alveolar duct
and alveolus
- no lymphatics, so clearance requires macrophages
- site of gas exchange
- site of crackles
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Bronchus

Bronchiole

Histology
٠Cartilage; mucus
glands
٠Larynx: squamous
mucosa
٠Cartilage
٠Mucus glands
٠Goblet cell (no
glands)
٠Smooth muscles

Air flow

CPC1
٠Laryngeal edema
٠Croup

Narrowest cross
section; most
airflow
restriction
٠Variable
(bronchospasm)
٠Start of
mucociliary sheet
٠Gas exchange
٠Start of
lymphatics

٠Chronic bronchitis
Rhonchi
٠Carcinoma
٠Bronchopneumonia
٠Asthma
٠RSV4

P/E2
Stridor

Wheezing

TRU5
٠Club (aka Clara) cell
٠Emphysema
Crackles
٠Bronchiole
٠Type 1 & 2
٠Pneumonia
٠Alveolar duct pneumocytes
٠Adenocarcinoma
٠Alveolus
1. Clinical Pathologic Correlation, 2. Physical examination, 3. Larynx/trachea/main stem
bronchus, 4. Respiratory syncytial virus, 5.Terminal respiratory unit

Alveolar wall
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The alveolar-capillary membrane (#6 in the figure) is designed for maximum thinness to
optimize efficient gas exchange.
o The type 1 pneumonocyte is a terminally differentiated cell with minimal
thickness. It is renewed from type 1 pneumocytes
o Interstitial lung disease (ILD) thickens the interstitium between the type 1
pneumocyte and the endothelial cell. Thickening is usually edema or fibrosis. On
CXR, this gives a reticular pattern
o Increased capillary pressure results in a transudate in the alveolar space. This
occurs in left ventricular failure when the capillary pressure exceeds 20 mmHg.
On auscultation, there will be crackles and on CXR “bat wing” consolidation
around the hila.
o Injury to either the endothelial cell (e.g. sepsis) or pneumocytes (e.g. smoke
inhalation) disrupts the membrane, resulting in exudate in the alveolar space.
When the water and electrolytes are reabsorbed, the remaining high molecular
weight proteins form a hyaline membrane characteristic of diffuse alveolar
damage, the pathognomonic pathology of acute respiratory distress syndrome
(ARDS)
The Coronavirus and ARDS
Covid 12 virus attaches to angiotensin II (ATII) proteins on the cell membrane of
Type II pneumocytes. The subsequent damage to the cells and the release of
DAMPs leads to ARDS in the second week of the infection. While it is not
unexpected that the most serious infections occur in the elderly with an
underlying condition, the infection is also more severe in patients with
hypertension. It is thought that antihypertensive medications such as ACE
inhibitors lead to upregulation of ATII on the cell surface.

-

There is an intimate relationship between the endothelial cell and neutrophils as there
is no circulating pool. This makes ARDS one of the commonest pathologies in processes
that cause endothelial injury.
Endothelial injury syndromes: the “Endotheliopathies”
1. Shock (dysregulation of blood pressure)
2. DIC (dysregulation of coagulation)
3. Renal failure
4.. ARDS
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The type 2 pneumocyte is not only the active replicating cell of the alveolus, but it also
produces surfactant. This is seen as granules in its cytoplasm, call lamellar bodies. These
can be counted in amniotic fluid to assess lung maturity in premature babies.

Pathophysiology of breathing
A. Ventilation
a. Inspiration
• Lung expands from negative intrathoracic pressure generated by the voluntary
muscles of the chest wall and diaphragm
• Expansion generated by
• Central medullary signal………opioid overdose
• Peripheral nerves…………………ALS
• Neuromuscular junction………myasthenia gravis, botulism
• Skeletal muscle……………………Duchenne muscular dystrophy
• Loss of pleural seal………………pneumothorax
• AaDO2 is useful in differentiating intrapulmonary from extrapulmonary causes
of respiratory failure with elevated PaCO2.
• Work of inspiration
• Tissue resistance (only seen in severe pleuritis)
• Elastic recoil
a. Tissue elasticity:
i. Deformable structure returning to its resting state
ii. Decreased in pulmonary fibrosis (↑work) and increased in
emphysema (leads to air trapping)
b. Surface tension:
i. the attraction between liquid particles on the alveolar surface
is greater than that of the liquid : air interface. This causes
collapse of the alveoli (i.e. atelectasis).
ii. Surfactant reduces the surface tension and is maximal with
decreasing diameters as it gets thicker.
iii. Lack of surfactant leads to infant respiratory distress
syndrome in premature infants.
iv. Loss of surfactant is also an important component of acute
respiratory distress syndrome (ARDS)
• Airway resistance
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a. In the normal lung, this is greatest in the bronchi, which have the
smallest net diameter.
b. It becomes greatest in the bronchioles in asthma due to the
bronchospasm.

b. Expiration
• At rest, expiration is a passive collapse of the chest wall that requires no
energy. The expiration flow can be increased with chest wall effort but has
what is called flow limitation. This is due to collapse of the trachea and large
bronchi, despite their cartilage rings, when the pleural pressure exceeds
endobronchial pressure.
• At rest, there is slight narrowing of the vocal cords to increase endobronchial
pressure for more efficient expiration.
• Flow limitation is more prominent in chronic obstructive lung disease as tissue
destruction decreases elastic recoil and there is loss of radial traction. In
COPD, resistance in expiration moves from the large airways, which remain
unaltered, to the bronchioles.
• Asthma also has maximal expiratory resistance in the bronchioles, but this is
due to thickening of the bronchiole wall form edema and remodeling and
increase viscosity from mucus.
B. Gas exchange
• Limitation of diffusion is seen in pulmonary fibrosis (↑thickness) and
emphysema (↓surface area).
• These are described in Fick’s Law
• CO2 diffuses at 20 times the speed of O2, so build up of CO2 is not seen before
hypoxia intervenes
• Hypoxia causes pulmonary vasoconstriction through poorly understood
mechanism. This means that all lung pathology with hypoxia will have
V/Q mismatches.
• Dead space: ventilation without perfusion (e.g. pulmonary embolism)
• Shunting: perfusion without ventilation (e.g. consolidation, bronchial
obstruction).
• O2 supplements will raise PaO2 in dead space defects, but not with shunting, as
O2 saturation is maximal in those areas perfused.

Regulation of Ventilation
A. Central
• Medullary neurons respond to CSF pH. This derives from CO2 which diffuses
across the blood brain barrier (BBB). The central medullary neurons are not
affected by blood pH, as H+ ions do not cross the BBB.
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B. Peripheral
• Chemoreceptors in the carotid bodies and aorta respond to levels of PaCO2, pH
and PaO2
• These are most sensitive to PaCO2 levels, generally described as 90% CO2 and
10% O2.
• They signal at PaO2 <60 mmHg, with an increasingly strong signal as PaO2
decreases.

Oxygen-induced hypercapnia in COPD
Acute bronchitis in COPD can lead to respiratory failure. When oxygen is administered, there is a rise in
the PaCO2, which can lead to a dangerous hypercapnia. CNS effects of CO2 start at >85 mmHg.
There are 3 basic causes:
1. V/Q mismatching: the administration of O2 decreases the vasoconstriction associated with the usual
COPD-induced hypoxia.
2. Haldane effect: the administered O2 displaces the CO2 bound to hemoglobin, increasing the free CO2.
3. Decreased ventilation: this is only of minor importance and loss of hypoxic drive is mostly transient
over 10-15 minutes.
The recommended treatment is to only give oxygen until the SaO2 ≈ 90%.
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Lung: Structure and Pathophysiology
Do You Know It?
1. Describe the region and commonest pathology for the numbered areas.

2. Describe the commonest pathology for each of the following segments of the lung:
a. Larynx / trachea / main stem bronchi
b. Bronchi
c. Bronchioles (non-respiratory)
d. Terminal respiratory unit

3. Describe the different pathophysiology for pulmonary edema due to
a. Transudate
b. Exudate

4. Inspiration
a. Name a disease for each of the key components of voluntary inspiration:
i. CNS
ii. Peripheral nerves
iii. Neuromuscular junction
iv. Skeletal muscle
v. Pleural seal
b. What is elastic recoil and name 2 diseases in which it is abnormal?
c. Describe the physiology of surfactant
5. Describe the pathology of flow limitation in expiration in COPD
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6. Why is there no hypercapnia in pulmonary fibrosis?

7. Why can there be a dangerous rise in PaCO2 when oxygen is given to a patient with
COPD in respiratory failure?
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