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Pathophysiology of Disorders 
of Respiratory System
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PULMONARY EMBOLISM

Due to etiological factors (venous stasis or reduction 
in blood flow, damage to vessel walls)

The emboli completely or partially occlude the artery or its branches

Mechanical obstruction impedes forward flow of blood

The pulmonary circulation has an enormous capacity to compensate

It results from the lung vasculature to increased blood flow

The embolus lodges in the pulmonary vasculature, blood flow to the alveoli

Occlusion is eliminated

Lack of perfusion to the ventilated alveoli

Increase in the dead space

Decrease in CO2 tension in the embolized lung zone

Gas exchange cannot occur

Release of inflammatory mediators (serotonin, prostaglandins, histamine)

Inflammation causes constriction of bronchi and surrounding blood vessels

Constriction in the terminal airways of the nonperfused lung zones results in 
alveolar shrinking increase in work of breathing

Reduction in blood flow to the alveoli (hypoxia) 
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LUNG ABSCESS

Due to etiology or risk factor

Microorganisms and pollutant travel through the lung tissue

Inflammatory response started accumulation of 
macrophage to phagocyte

Inflammatory mediator release 
(prostaglandins, serotonin, histamine)

The quantity of accumulated exudates forms the 
inflammatory mediators

Spread to the whole bronchus

Inflammation features infiltration by neutrophils with 
fibrinopurulent exudate

Alveolar capillary leak

Leukocytosis increase purulent secretion from lesions 

Consolidation in the lung

Impaired gas exchange—appearance of clinical features
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ATELECTASIS

Due to etiological factors (obstruction of an airway/ 
diminished distension of alveoli)

Reduced alveolar ventilation or any type of blockage

• Impedes the passage of air
• Trapped alveolar air becomes absorbed into the
blood stream, but outside air cannot replace the

absorbed air because of the blockage

Isolated portion of the lung becomes airless and the 
alveoli collapse

Excessive pressure on the lung tissue

Restricts normal lung expansion on inspiration

Becomes airless for prolong period

Alveolar collapse

Dyspnea, tachycardia, central cyanosis marked 
respiratory distress sputum production, cough
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BRONCHITIS AND CHRONIC OBSTRUCTIVE 
PULMONARY DISEASE (COPD)

Risk factors like chronic exposure to irritants, especially 
tobacco smoking

Inflammation

Vasodilatation and congestion

Mucosal edema and bronchospasm

Increase in size of mucous glands which produce 
large amount of the thick mucus

Bronchial walls thicken 
(increased to twice of normal thickness)

Impairment of air flow

This thickening along with excessive mucus, blocks some 
of the smaller airways and narrow larger ones

Hinders airflow and gas exchange

• PaO2 decreases (hypoxemia)
• Arterial PaCO2 increases (respiratory acidosis)

COPD
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PULMONARY TUBERCULOSIS

A person inhales Mycobacterium tuberculosis bacilli and becomes infected

The bacilli transmitted through airways to the alveoli, gets 
deposited and begins to multiply

The bacilli transported via lymphatic system and the blood stream to other parts 
of the body (kidney bone and cerebral cortex) which is called miliary TB

The pathogen from alveoli reaches the upper lobe and other areas of lungs

The body’s immune system responds by initiating an inflammatory process

Phagocytes engulf many of the bacteria

TB specific lymphocytes lyse the normal tissue (tissue reaction)

Accumulation of exudates in the alveoli

• Bronchopneumonia (primary stage)
• It is for 2–10 weeks after exposure

• Formation of new tissue masses of live and dead bacilli surrounded by
macrophages (granuloma) 

• Granuloma formation (secondary stage)

Forms a protective wall around the granulomas, transformed into a fibrous 
tissue mass (Ghon tubercle)

Necrosis of Ghon’s tubercle forms a cheesy mass, becomes calcified and forms 
a collagenous scar

It becomes dormant and no further progression of active disease

Contd…
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If the person is immunocompromised/inadequate immune 
response/reinfection and activation of dormant bacteria

Activation of disease

Ulceration of Ghon tubercle releasing the cheesy material in the bronchi

Further spread of the disease and ulcerated tubercle heals forms scar tissue

Downward spread of the disease to the hilum and adjacent lobes

 More active disease process

EMPYEMA

Inflammation of pleura

Exudative stage 
(approx. 7 days)

Simple 
parapneumonic 

effusion

Subsequent leakage of 
proteins, fluid and low 

white blood cells (WBC) 
count in pleural fluid

Fibrinopurulent 
stage/transition 

stage (7–21 days)

Complicated 
parapneumonic 

effusion

Deposition of fibrin, 
septation and loculation, 

increase in WBC

Organizational 
stage (after 

21 days usually 
4–6 weeks)

Empyema—
grossly purulent 

fluid in the 
pleural cavity

Fibroblast infiltration, 
thick exudates and heavy 

sediments 

Fibrin deposition 
in pleura and 
formation of 

septation

Prevents lung expansion 
(trapped lungs) 

Potential space for 
infections
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ACUTE RESPIRATORY DISTRESS SYNDROME (ARDS)

Due to etiological factors (infection, burns, aspiration)

Stimulation and release of inflammatory mediators 
from the injured cells signals white blood cells (WBC)

Inflammatory response in the affected area, WBC combines with 
resident cells from blood

Increased release of chemicals like cytokines and chemokines

Damage to alveolar membrane

Increased pulmonary capillary permeability

Water and plasma leakage into interstitial space

Pulmonary edema due to increased interstitial oncotic pressure

Atelectasis

Decreased lung compliance

Decreased functional residual capacity (FRC)

Ventilation (v)—perfusion (p) mismatch or imbalance (v/p imbalance)

Increased dead space

Hyperemia and increased work of breathing

Poor oxygen (O2) supply to vital organs   

Multiorgan failure
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PNEUMONIA

Infectious agents invade the respiratory tract 
(viruses, bacteria and parasites)

Irritant will reach the lung by traveling in droplets

Medulla oblongata simulated and produces cough   

Irritants invade the cellular lining of the airways and bronchi 

Invasion often leads to cell death or apoptosis when the 
immune system responds to the infection

Cytokines are released which causes leaking of 
fluid into the alveoli

Combination of cellular destruction and 
fluid filled alveoli interrupts the transportation of oxygen

Decreased supply of oxygen

Difficulty in breathing

Death
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EMPHYSEMA

Innate respiratory defenses of the lung’s epithelial cell 
barrier and mucociliary transport system are infiltrated 

by foreign/invading antigens

Responding inflammatory immune cells, eosinophils, 
macrophages, CD4 positive and CD8 positive lymphocytes 

transport the antigens to the bronchial associated 
lymphatic tissue layer

Proteolytic enzymes are released by macrophages

Destruction of lung’s epithelial barrier

Alveoli and small distal airways are primarily affected 
by the disease followed by effects in larger airways

Bronchioles lose their elastic recoiling function 

Collapse in the airways

Results gas to be trapped distally

Erosion in the alveolar septa 

Enlargement of the alveolar air space in alveoli

Formation of bullae within their thin walls of 
diminished lung tissues  

Destruction of alveolar walls and breakdown of 
elastic tissue and collagen

Reduction in the surface area for gas exchange



Chapter 1  |  Pathophysiology of Disorders of Respiratory System

11

CHEST INJURY

Chest trauma

Esophageal 
perforations

Leakage of 
alimentary tract 

content

Pulmonary 
contusion

Pain in chest 
wall makes               

breathing difficult

Derangements in the flow 
of air, blood or both

Sepsis

Compromise ventilation

• Shunting and dead space
• Ventilation also impair oxygenation

Space occupying lesions (pneumothorax, 
hemothorax and hemopneumothorax) 

interfere with oxygenation and ventilation by 
compressing healthy lung parenchyma

In tension pneumothorax pressure continues to 
build in affected part

Air leaks from pulmonary parenchyma into 
pleural space

Push the mediastinal content toward the 
opposite hemothorax

Decreased blood return to the heart, 
circulatory, compromise and shock     



Ready Reckoner on Pathophysiology for Nurses

12

BRONCHIAL ASTHMA

Causes (triggers)—infection, allergens, exercise, irritants

Immune activation

• Vasodilation
• Increased capillary permeability

• Bronchospasm
• Vascular congestion
• Edema formation
• Mucus secretion
• Impaired mucociliary function
• Thickening of airway walls

• Bronchial hyperresponsiveness
• Airway obstruction

 Mast cell

Inflammatory mediators

Cellular infiltration 
(neutrophils, lymphocytes, 

eosinophils)

Neuropeptides released
with autonomic nervous

system effects

Airway
remodeling
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CYSTIC FIBROSIS

Cystic fibrosis (CF) gene is located on chromosome 7. It produces a 
protein called transmembrane regulator cystic fibrosis (CFTR)

CFTR protein localized to the epithelial surface of the airway, 
gastrointestinal (GI) tract, ducts of the liver, pancreas and sweat glands

CFTR regulates sodium and Cl2 channels

Mutations in the CFTR gene alter this protein, epithelial cells that line the 
passage ways of the lungs, pancreas, intestine and other organs produce 

secretions that are low in sodium chloride content (thus low in H2O content) 
making mucus thick and sticky

Mucus fills (plugs up) the glands in the organs

Atrophy of the glands

• Organ failure
• The high concentration of Na and Cl2 in the sweat of the patient with

CF results from decreased Cl2 reabsorption in the sweat duct

Mucus becomes dehydrated and tenacious due to the defect 
in the Cl2 secretion and excess Na absorption

Cilia motility is decreased, thus allowing mucus to adhere to the airways

Obstruction of bronchioles with thick mucus

Air trapping and 
hyperinflation of lungs

• Bronchiectasis
•  �Lung destruction and

pneumothorax

Decreased respiratory 
function

• Bronchitis
• Bronchiolitis
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BRONCHIECTASIS

Causes—bacterial infection, bronchial obstruction (tumor), 
cystic fibrosis, disorders of cilia, immunoglobulin 

deficiencies, metal poisoning, adenovirus, influenza 
virus/Staphylococcus aureus)

Inflammation

Destruction of elastic and muscular structures of bronchi 
(weakness bronchial walls and pockets of infection)

Impaired ciliary function (reduced ability to 
clear mucus from lung)

Decreased respiratory airflow

Permanent, abnormal dilation of medium-sized 
bronchi either localized/diffuse pattern 

Chronic inflammation

Hemoptysis

BRONCHIAL ASTHMA

Exposure to allergens/irritants

Initiation of inflammation cascade [mass cell, 
macrophages, eosinophils, neutrophils, 

T&B lymphocytes and epithelial cell of airway]

Contd…
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Release of inflammatory mediators—leukotrienes, histamine, 
cytokines (interleukin, prostaglandins)

	• Vascular changes
	• Vasodilation
	• �Increased capillary 

permeability

Cellular airway change  
(eosinophils, 
lymphocytes, 
neutrophils) 

Early phase 
response occurs     
30–60 minutes 
of exposure to 
allergens

	• Vascular congestion
	• Edema formation
	• �Production of thick, 

tenacious mucus
	• �Bronchial muscle 

spasm
	• �Thickening of airway 

wall
	• �Increased bronchial 

hyperresponsive

c
h
a
n
g
e
s

Recur: 4–10 hours

Eosinophil/lymphocyte activation

Release inflammatory mediators

Airflow limitation because of inflammation

Irreversible damage to the airway 
(smooth muscle hypertrophy/collagen deposition)

Airway obstruction

Stimulation of autonomic nervous system/sympathetic/ 
parasympathetic nervous system—vagus nerve

Airway nerve stimulated by chemical/mechanical stimuli

Increased release of acetylcholine

Bronchoconstriction

If untreated
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PLEURAL EFFUSION

Aspiration of gastric content in a bacteria

Enters into the lung

Abscess becomes encapsulated

Cavity extends to bronchus

↑in sputum production

Inflammatory process

Necrosis of the tissues

Purulent sputum

COVID-19

Corona virus

ACE 2 receptor

Angiotensin II activation

Complement activation

Sepsis Acute kidney injuryAcute cardiac  
hypoxia and lung  
injury  hypertension

Direct viral invasionLymphopenia

Tubular epithelial and 
podocyte damage

Myeloid cell 
activation

Rhabdomyolysis

Cytokine arm

Hypercoagulability and microangiopathy
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