
2
0
2
5
 ©

 U
va

 C
li

n
ic

a
l 
A

n
a

es
th

es
ia

 a
n

d
 I

n
te

n
si

ve
 C

a
re

 I
S

S
N

 2
8
2
7

-7
1
9
8
 /

 R
es

p
ir

a
to

ry
 M

e
d
ic

in
e
 /

 L
u

n
g

 P
h

ys
io

lo
g

y 
a

n
d

 P
a

th
o

p
h

ys
io

lo
g
y

 

2025 © Uva Clinical Anaesthesia and Intensive Care ISSN 2827-7198 / Respiratory Medicine / Lung Physiology and Pathophysiology 

 

 
2025 © Uva Clinical Anaesthesia and Intensive Care ISSN 2827-7198 / Respiratory Medicine /  

Lung Physiology and Pathophysiology 

 
 

1 

Indunil Karunarathna1, Sanjeewa Dius1, R Ranwala1, Sau Bandara1, Sanjaya Godage1, PN Rodrigo1, Asoka 

Jayawardana1, U Vidanagama1, Cam Fernando1, Upul Ekanayake1, T Hapuarachchi1, Prasanna Gunasena1, P Aluthge1, 

Nihal Perera1, Senaka Gunathilake1, Kapila De Alvis1, Kapila Gunawardana1, Samadi Rajapaksha1, A 

Warnakulasooriya1, P Athulgama1,  

1. Ministry of Health / Teaching Hospital Badulla / University of Colombo. 2025 © Uva Clinical Anaesthesia and Intensive Care ISSN 2827-7198 / Physiology and 

Respiratory Medicine / Lung Physiology and Pathophysiology 

Abstract: The respiratory system, with the lungs as its cornerstone, is fundamental for gas exchange, ensuring oxygen 

delivery to tissues and carbon dioxide removal from the body. This article provides a comprehensive overview of lung 

physiology, from anatomical structures to cellular mechanisms. It explores lung volumes and capacities, gas exchange 

processes, and respiratory mechanics. Furthermore, the paper discusses the pathophysiological aspects of obstructive 

and restrictive lung diseases, emphasizing chronic obstructive pulmonary disease (COPD) and asthma. Key insights 

into pulmonary function tests (PFTs), lung development stages, and mechanisms of hypoxia are presented to bridge 

the gap between theoretical understanding and clinical application.[1][2][3][4] 

Keywords: Lung physiology, Respiratory system, Gas exchange, Obstructive lung disease, Restrictive lung disease, 
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Key Points 

 

Anatomy and Function: The lungs facilitate gas 

exchange through a complex structure of alveoli and 

capillary networks. 

Lung Volumes and Capacities: Understanding IRV, TV, 

ERV, RV, IC, FRC, VC, TLC, FEV1 is essential for 

clinical practice. 

Disease Classifications: Obstructive diseases like asthma 

and COPD contrast with restrictive diseases like 

pulmonary fibrosis. 

Development Stages: Lung development occurs in five 

stages: embryonic, pseudoglandular, canalicular, saccular, 

and alveolar. 

Pulmonary Function Tests: PFTs provide critical 

diagnostic and monitoring capabilities. 

Pathophysiology of Hypoxia: Hypoxia may result from 

hypoventilation, shunts, V/Q mismatch, or diffusion 

limitations. 

 

 

Introduction 

The lungs are the cornerstone of the respiratory system, 

serving the essential function of facilitating gas exchange 

between the external environment and the bloodstream. 

This process ensures the delivery of oxygen to tissues and 

the removal of carbon dioxide, a metabolic waste product. 

The respiratory system is anatomically composed of 

several key structures: the nose, oropharynx, larynx, 

trachea, bronchi, bronchioles, and lungs. Each lung is 

further divided into lobes—three in the right lung and two 

in the left—which subsequently branch into smaller units 

called alveoli. The alveoli, with their vast surface area 

exceeding 300 million in number, serve as the primary site 

of gas exchange. 

The mechanics of respiration depend heavily on the 

diaphragm, the principal muscle of respiration, which 

receives its neural input from the cervical nerve roots C3, 

C4, and C5 through the phrenic nerve. The external 

intercostal muscles assist during periods of increased 

respiratory demand, such as exercise or respiratory 

distress, by aiding in the expansion of the thoracic cavity. 

Pulmonary function can be assessed through several key 
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lung volumes and capacities, each providing insight into 

different aspects of lung performance. [1][2][3][4] 

These measurements are described below: 

Inspiratory Reserve Volume (IRV): The additional 

volume of air that can be inhaled beyond a normal tidal 

inspiration. 

Tidal Volume (TV): The volume of air inhaled or exhaled 

with each breath during normal, resting respiration. 

Expiratory Reserve Volume (ERV): The extra volume 

of air that can be exhaled after a normal tidal expiration. 

Residual Volume (RV): The volume of air remaining in 

the lungs following maximal expiration; this cannot be 

measured by spirometry. 

Inspiratory Capacity (IC): The maximum volume of air 

that can be inhaled following a normal tidal expiration. 

Functional Residual Capacity (FRC): The volume of air 

remaining in the lungs after a normal tidal expiration, 

representing the equilibrium point between the inward 

elastic recoil of the lungs and the outward recoil of the 

chest wall. 

Vital Capacity (VC): The maximum volume of air that 

can be exhaled following a maximal inhalation, 

encompassing IRV, TV, and ERV. 

Total Lung Capacity (TLC): The total volume of air 

present in the lungs following maximal inhalation, 

including residual volume. 

Forced Expiratory Volume in 1 Second (FEV1): The 

volume of air forcefully exhaled in the first second of a 

maximal expiratory effort, often measured alongside the 

forced vital capacity (FVC) to assess airflow obstruction. 

These measurements, when interpreted in the context of 

clinical findings and other diagnostic tools, can provide 

valuable insights into pulmonary function and guide the 

diagnosis of various respiratory conditions. 

Issues of Concern 

The lungs are susceptible to a wide range of pathologies 

that can significantly impact respiratory function. These 

conditions are broadly categorized into obstructive and 

restrictive lung diseases based on their underlying 

physiological mechanisms and their characteristic 

patterns of pulmonary function test (PFT) results. 

Obstructive Lung Disease 

Obstructive lung diseases are characterized by impaired 

expiratory airflow, resulting from increased airway 

resistance. This is typically reflected in a decreased 

FEV1/FVC ratio due to disproportionately reduced FEV1 

relative to FVC. Air trapping and increased functional 

residual capacity (FRC) are common features of these 

disorders. The two most prevalent types of obstructive 

lung disease are asthma and chronic obstructive 

pulmonary disease (COPD). 

Asthma 

Asthma is a chronic inflammatory disorder of the airways 

with a complex, multifactorial etiology involving genetic, 

environmental, and immunological factors. It is 

characterized by variable airflow obstruction, bronchial 

hyperresponsiveness, and airway inflammation. The 

hallmark features of asthma include: 

Reversible Airway Obstruction: Airflow limitation that 

can be partially or completely reversed with 

bronchodilator therapy (e.g., beta-agonists). 

Chronic Inflammation: Persistent airway inflammation 

leads to bronchial hyperresponsiveness and long-term 

airway remodeling if left untreated. 

Clinical Manifestations: Recurrent episodes of 

wheezing, coughing, shortness of breath, and chest 

tightness, often triggered by allergens, infections, 

exercise, or irritants. 

Chronic Obstructive Pulmonary Disease (COPD) 

COPD is a progressive respiratory condition characterized 

by persistent airflow limitation due to chronic 

inflammation and structural changes in the airways and 

alveoli. The primary risk factor for COPD is cigarette 

smoking, although environmental pollutants and genetic 

predispositions, such as alpha-1 antitrypsin deficiency, 

also contribute. COPD encompasses two primary 

pathological phenotypes: 

Chronic Bronchitis: Defined clinically by chronic 

productive cough for at least three months per year for two 

consecutive years. Airway inflammation and mucus 

hypersecretion lead to persistent airflow obstruction. 

Emphysema: Characterized by the destruction of alveolar 

walls and consequent enlargement of distal airspaces. This 

https://www.ncbi.nlm.nih.gov/books/NBK545177/
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structural damage reduces elastic recoil, resulting in 

impaired expiratory flow and chronic dyspnea. 

Smoking remains the predominant cause of COPD, with 

its pathophysiological impact including: 

Inflammatory cell recruitment and cytokine release. 

Mucociliary dysfunction and mucus hypersecretion. 

Structural remodeling and destruction of lung 

parenchyma. 

Restrictive Lung Disease 

Restrictive lung diseases are characterized by reduced 

lung expansion, leading to diminished lung volumes. This 

pattern typically presents with a decreased FVC and 

FEV1, but a normal or elevated FEV1/FVC ratio due to 

proportionately greater reductions in FVC. Restrictive 

lung diseases can result from parenchymal abnormalities, 

pleural diseases, neuromuscular disorders, or chest wall 

deformities. Common examples include:[5][1][4][6][7]:  

Idiopathic Pulmonary Fibrosis (IPF) 

IPF is a chronic, progressive interstitial lung disease of 

unknown etiology, characterized by the formation of 

fibrotic tissue within the alveolar walls. This fibrotic 

remodeling impairs gas exchange and leads to progressive 

dyspnea and respiratory failure. Hallmarks of IPF include: 

Progressive exertional dyspnea and non-productive 

cough. 

Bilateral inspiratory crackles and digital clubbing on 

examination. 

Honeycombing and reticular opacities on high-resolution 

computed tomography (HRCT). 

Pneumoconiosis 

Pneumoconiosis encompasses a group of lung diseases 

caused by the inhalation of inorganic dust particles, often 

in occupational settings. Common forms include: 

Asbestosis: Due to asbestos fiber inhalation, leading to 

pleural plaques and interstitial fibrosis. 

Silicosis: Caused by silica dust exposure, presenting with 

nodular pulmonary fibrosis. 

Coal Workers' Pneumoconiosis: Resulting from 

prolonged inhalation of coal dust, potentially progressing 

to progressive massive fibrosis. 

Sarcoidosis 

Sarcoidosis is a systemic granulomatous disorder of 

unknown cause, predominantly affecting the lungs and 

intrathoracic lymph nodes. The disease is characterized by 

the formation of non-caseating granulomas that can impair 

pulmonary function. Clinical manifestations vary but 

often include: 

Bilateral hilar lymphadenopathy. 

Pulmonary infiltrates and restrictive lung physiology. 

Extrapulmonary involvement, such as skin lesions and 

ocular inflammation. 

Conc: Understanding the fundamental anatomy, 

physiology, and pathophysiology of the lungs is essential 

for recognizing and managing respiratory diseases. 

Obstructive and restrictive lung diseases, though distinct 

in their underlying mechanisms and clinical presentations, 

both significantly impact pulmonary function and patient 

quality of life. Early diagnosis, appropriate intervention, 

and ongoing research into the pathogenesis and treatment 

of these conditions are crucial for improving patient 

outcomes and advancing respiratory medicine. 

Oxygen Transport at the Cellular Level 

Oxygen transport is a critical function of the circulatory 

system, ensuring that tissues receive the oxygen necessary 

for cellular metabolism. Oxygen is transported in the 

blood in two primary forms: 

Bound to Hemoglobin: The majority of oxygen (about 

98%) is carried by hemoglobin, a protein in red blood 

cells. 

Dissolved in Plasma: A small fraction of oxygen (about 

2%) is dissolved directly in the blood plasma. 

The oxygen content of blood (CaO₂) can be calculated 

using the following formula: 

   CaO2 = 1.34 x [Hgb] x (SaO2 / 100) + 

0.003 x PaO2   

CaO₂: Oxygen content in the blood (mL O₂/dL blood) 

[Hgb]: Hemoglobin concentration (g/dL) 
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SaO₂: Percentage of hemoglobin saturated with oxygen 

(%) 

PaO₂: Partial pressure of oxygen in the blood (mmHg) 

Hemoglobin is composed of four subunits, each 

containing a heme group with an iron atom at its center. 

Each iron atom can bind one molecule of oxygen, 

allowing a single hemoglobin molecule to carry up to four 

oxygen molecules. This binding is cooperative, meaning 

that the binding of one oxygen molecule facilitates the 

binding of subsequent molecules.[8][9] 

Lung Development in Utero 

Lung development in the fetus occurs in five distinct 

stages, each critical for the formation of a functional 

respiratory system:[10][11][12][13] 

Embryonic Stage (Weeks 4-7): Formation of the lung 

bud from the respiratory diverticulum. Development of 

major airways (trachea, bronchi) and pleura. 

Pseudoglandular Stage (Weeks 5-17): Formation of the 

bronchial tree and respiratory parenchyma. Development 

of terminal bronchioles (no alveoli yet). 

Canalicular Stage (Weeks 16-26): Formation of distal 

airways, blood-air barrier, and surfactant-producing cells. 

Development of acini (functional units of the lung). 

Saccular Stage (Weeks 24-38): Expansion of airspaces 

(primitive alveoli). Further maturation of the capillary 

network around the airspaces. 

Alveolar Stage (Week 36 to Childhood): Septation and 

maturation of alveoli. Increase in the number of alveoli 

and refinement of the capillary network to support 

efficient gas exchange. 

Organ Systems Involved in Oxygen Transport 

The circulatory and respiratory systems work together to 

transport oxygen from the environment to the tissues and 

remove carbon dioxide, a waste product of metabolism. 

[14] 

Pulmonary Circulation: Deoxygenated blood from the 

right ventricle is pumped to the lungs via the pulmonary 

artery. In the lungs, oxygen diffuses from the alveoli into 

the capillary blood, while carbon dioxide diffuses out. 

Oxygenated blood returns to the left atrium via the 

pulmonary veins. 

Systemic Circulation: Oxygenated blood is pumped from 

the left ventricle into the aorta, which branches into 

systemic arteries. These arteries deliver oxygen-rich blood 

to tissues, including the brain (cerebral), heart (coronary), 

kidneys (renal), gastrointestinal tract (splanchnic), and 

skin. Deoxygenated blood returns to the right atrium via 

systemic veins (vena cava). 

The dynamics of blood flow are described by the 

equation: [14] 

Q = P/R,  

Q is the flow/cardiac output,  

P is the pressure gradient, and  

R is the total peripheral resistance. 

Function of the Pulmonary System 

The primary function of the pulmonary system is to 

facilitate gas exchange, ensuring that oxygen is extracted 

from the air and delivered to tissues for aerobic 

respiration, while carbon dioxide is removed as a waste 

product. [2] 

Gas Exchange: Occurs in the alveoli, where oxygen 

diffuses into the blood and carbon dioxide diffuses out. 

ATP Production: Oxygen is used in cellular respiration to 

produce ATP, the energy currency of cells. 

Respiratory Tract: Includes the nose, oral cavity, 

pharynx, larynx, trachea, bronchi, and lungs. The lungs 

are divided into lobes (three on the right, two on the left), 

each containing millions of alveoli for efficient gas 

exchange. 

In summary, oxygen transport at the cellular level involves 

complex interactions between the respiratory and 

circulatory systems, supported by the intricate 

development of the lungs in utero. This process ensures 

that oxygen is delivered to tissues for energy production 

and that metabolic waste products are efficiently removed. 

[2][15]  

Mechanism of Respiratory Mechanics 

The mechanics of breathing involve four key components 

that work together to facilitate the movement of air in and 

out of the lungs: 

Lung Compliance: 

https://www.ncbi.nlm.nih.gov/books/NBK545177/
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Lung compliance (C) refers to the ability of the lungs to 

stretch and expand. It is defined by the equation: 

C = V/P 

C: Lung compliance (mL/cmH₂O) 

V: Change in lung volume (mL) 

P: Change in transpulmonary pressure (cmH₂O) 

High compliance means the lungs can expand easily, 

while low compliance indicates stiffness, making it harder 

to inflate the lungs. [2] 

Chest Wall Compliance: 

The chest wall also has compliance, which counteracts 

lung compliance. While the lungs tend to collapse inward 

due to elastic recoil, the chest wall tends to expand 

outward. The balance between these two forces 

determines the resting lung volume. 

Respiratory Rate:  

The respiratory rate adjusts to meet the body's metabolic 

demands. For example, during exercise, increased oxygen 

demand and carbon dioxide production lead to a higher 

respiratory rate to enhance gas exchange. 

Airway Resistance:  

Airway resistance is described by Poiseuille’s Law: 

 

 

Q- Flow 

R: Airway resistance (cmH₂O/L/s) 

n: Viscosity of air 

l: Length of the airway 

r: Radius of the airway 

The radius of the airway has an inverse fourth-power 

relationship with resistance. Even small changes in airway 

radius (e.g., due to bronchoconstriction) can significantly 

increase resistance, making breathing more difficult. [2] 

Breathing Cycle 

Inspiration: The diaphragm and external intercostal 

muscles contract, creating negative pressure in the pleural 

space and lungs. This draws air into the lungs. 

Expiration: The diaphragm and intercostal muscles relax, 

reducing lung volume and increasing pressure, which 

forces air out of the lungs. 

 

Related Testing: Pulmonary Function Tests (PFTs) 

Pulmonary function tests are used to diagnose and monitor 

lung diseases. They provide information about lung 

volumes, airflow, and gas exchange. Common indications 

for PFTs include: [16] 

Chronic cough, wheezing, or shortness of breath 

Abnormal chest X-rays 

Monitoring of chronic lung diseases (e.g., COPD, asthma, 

interstitial fibrosis) 

Perioperative evaluation 

Lung transplant surveillance 

Key Measurements in PFTs: 

Forced Expiratory Volume in 1 Second (FEV₁): The 

volume of air exhaled in the first second of a forced breath. 

Forced Vital Capacity (FVC): The total volume of air 

exhaled forcefully after a full inhalation. 

FEV₁/FVC Ratio: Used to differentiate between 

obstructive and restrictive lung diseases. 

Common PFT Findings: 

Interstitial Fibrosis (Restrictive Disease): [16] 

↓ FVC 

↓ FEV₁ 

Normal or ↑ FEV₁/FVC ratio 

Asthma (Obstructive Disease): 

https://www.ncbi.nlm.nih.gov/books/NBK545177/
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↓ FVC 

↓ FEV₁ 

↓ FEV₁/FVC ratio 

COPD (Obstructive Disease): 

↓ FVC 

↓ FEV₁ 

↓ FEV₁/FVC ratio 

 

Pathophysiology of COPD 

Chronic Obstructive Pulmonary Disease (COPD) is a 

leading cause of morbidity and mortality worldwide. It is 

primarily caused by long-term exposure to harmful 

particles or gases, most commonly cigarette smoke. 

[17][18] 

Key Components of COPD: 

Chronic Bronchitis: Characterized by inflammation and 

thickening of the bronchial walls, leading to excessive 

mucus production. Results in chronic cough, hypoxemia 

(low blood oxygen), and difficulty clearing secretions. 

Emphysema: Involves destruction of alveolar walls, 

leading to enlarged air spaces and loss of elastic recoil. 

Causes hyperinflation, air trapping, and reduced gas 

exchange. 

Pathogenesis: 

Tobacco Smoke: Contains nicotine and thousands of 

toxic chemicals that generate free radicals, causing 

oxidative stress and damage to lung tissue. 

Alveolar Damage: Destruction of alveoli reduces the 

surface area for gas exchange and impairs the lung's 

ability to recoil during expiration. 

Airway Obstruction: Inflammation and mucus 

production narrow the airways, increasing resistance and 

making expiration difficult. 

Clinical Features: 

Symptoms: Chronic cough, sputum production, dyspnea 

(shortness of breath), and wheezing. 

Air Trapping: Due to loss of elastic recoil, air becomes 

trapped in the lungs, leading to hyperinflation and a 

barrel-shaped chest. 

Hypoxemia and Hypercapnia: Impaired gas exchange 

results in low oxygen levels (hypoxemia) and high carbon 

dioxide levels (hypercapnia). 

Disease Progression: 

COPD is a progressive disease, with worsening airflow 

limitation over time. 

Exacerbations (acute worsening of symptoms) are 

common and often triggered by infections or 

environmental factors. 

 

Summary 

Respiratory Mechanics: Lung compliance, chest wall 

compliance, respiratory rate, and airway resistance work 

together to facilitate breathing. 

Pulmonary Function Tests: Used to diagnose and 

monitor lung diseases by measuring lung volumes, 

airflow, and gas exchange. 

COPD Pathophysiology: A combination of chronic 

bronchitis and emphysema caused primarily by smoking, 

leading to airway obstruction, alveolar damage, and 

impaired gas exchange. [17][18] 

Clinical Significance of Pulmonary Dysfunction and 

Hypoxia 

Lung pathology remains a significant contributor to 

morbidity and mortality globally, emphasizing the 

importance of understanding fundamental lung 

physiology and its relationship to pathological conditions. 

The pulmonary system plays a critical role in oxygen 

delivery and carbon dioxide elimination. When this 

system is compromised, hypoxia ensues, leading to 

potentially life-threatening complications if left 

unaddressed. Hypoxia, defined as inadequate tissue 

oxygenation to support normal cellular function, can arise 

from several underlying mechanisms. These mechanisms 

are broadly classified into four categories: 

hypoventilation, right-to-left shunt, ventilation/perfusion 

(V/Q) mismatch, and diffusion limitations. Understanding 

these categories aids clinicians in diagnosing and 

managing respiratory disorders effectively. [19][2] 

https://www.ncbi.nlm.nih.gov/books/NBK545177/
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1. Hypoventilation 

Hypoventilation occurs when alveolar ventilation is 

insufficient to meet the body's oxygen demands or to 

remove carbon dioxide adequately. This condition results 

in hypercapnia (elevated CO2 levels) and subsequent 

hypoxemia (low oxygen levels in the blood). Common 

causes of hypoventilation include: 

Obesity Hypoventilation Syndrome (OHS): Excess 

adipose tissue imposes mechanical restrictions on the 

chest wall, reducing lung volumes and ventilation 

efficiency. 

Central Nervous System (CNS) Depression: CNS 

depressants such as opioids, benzodiazepines, or 

barbiturates suppress respiratory drive, diminishing 

ventilation. 

Neuromuscular Disorders: Conditions like Guillain-

Barré syndrome, myasthenia gravis, or amyotrophic 

lateral sclerosis impair respiratory muscle function. 

Chest Wall Abnormalities: Kyphoscoliosis or rib 

fractures can physically restrict lung expansion. 

Clinical Implication: Early recognition and management 

of hypoventilation are crucial, as prolonged hypoxia can 

cause respiratory acidosis and organ dysfunction. 

 

2. Right-to-Left Shunt 

A right-to-left shunt occurs when deoxygenated blood 

bypasses the pulmonary circulation, mixing directly with 

oxygenated systemic blood. This shunting reduces arterial 

oxygen content, causing hypoxemia unresponsive to 

supplemental oxygen therapy. Shunts can be anatomical 

or physiological: 

Anatomical Shunt: Structural abnormalities that divert 

blood from the right heart to the left heart without passing 

through the lungs. Examples include: 

Congenital heart defects like tetralogy of Fallot, atrial 

septal defect, or patent foramen ovale. 

Pulmonary arteriovenous malformations. 

Physiological Shunt: Blood flows through the pulmonary 

capillaries without effective gas exchange. This occurs 

when alveoli are collapsed or filled with fluid, such as in 

acute respiratory distress syndrome (ARDS) or severe 

pneumonia. 

Clinical Implication: Identifying shunt physiology is 

critical, especially in critically ill patients, as increasing 

FiO2 does not correct the hypoxia in these cases. 

 

3. Ventilation/Perfusion (V/Q) Mismatch 

The V/Q ratio represents the relationship between 

ventilation (airflow) and perfusion (blood flow) in the 

lungs. Ideally, this ratio is approximately 0.8, indicating 

efficient gas exchange. However, mismatches can lead to 

significant respiratory compromise: 

High V/Q Ratio (Dead Space Ventilation): Ventilation 

exceeds perfusion due to impaired blood flow. For 

instance: 

Pulmonary Embolism (PE): Obstruction of a pulmonary 

artery leads to ventilated but unperfused alveoli. 

Low V/Q Ratio (Shunt-like Effect): Perfusion occurs 

without adequate ventilation. Examples include: 

Chronic Obstructive Pulmonary Disease (COPD): 

Alveolar destruction reduces gas exchange surface area. 

Pulmonary edema or pneumonia: Alveoli are fluid-filled, 

impairing oxygen diffusion. 

Clinical Implication: V/Q mismatch is the most common 

cause of hypoxemia in various lung diseases and responds 

well to oxygen therapy if not associated with significant 

shunting.[19][2] 

 

4. Diffusion Limitations 

Diffusion limitation arises when the transfer of oxygen 

across the alveolar-capillary membrane is impaired. 

Oxygen diffusion depends on membrane thickness, 

surface area, and the pressure gradient between alveolar 

air and pulmonary capillary blood. Factors contributing to 

diffusion limitations include: 

Alveolar Damage: Diseases such as emphysema (a 

subtype of COPD) destroy alveolar walls, reducing the 

available surface area for gas exchange. 

https://www.ncbi.nlm.nih.gov/books/NBK545177/
https://www.ncbi.nlm.nih.gov/books/NBK545177/
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Interstitial Lung Disease (ILD): Fibrotic changes 

thicken the alveolar-capillary membrane, impairing 

oxygen diffusion. 

Pulmonary Vascular Diseases: Conditions like 

pulmonary hypertension reduce capillary blood flow, 

limiting oxygen uptake. 

Clinical Implication: Diffusion limitations are often 

exacerbated during exercise when increased cardiac 

output shortens pulmonary capillary transit time. 

 

Con: Recognizing the distinct mechanisms of hypoxia—

hypoventilation, right-to-left shunting, V/Q mismatch, 

and diffusion limitations—is essential for effective 

diagnosis and management. Each mechanism has unique 

clinical characteristics and requires specific diagnostic 

approaches, such as arterial blood gas analysis, pulmonary 

function tests, and imaging studies. A comprehensive 

understanding of these processes allows clinicians to 

implement timely interventions, reducing the burden of 

respiratory morbidity and mortality. [19][2] 

 

Table 1: Lung Volumes and Capacities 

Parameter Definition Measurement (mL) 

Inspiratory Reserve Volume (IRV) Volume that can be breathed after a normal inspiration 3000 

Tidal Volume (TV) Volume inspired and expired with each breath 500 

Expiratory Reserve Volume (ERV) Volume that can be expired after a normal breath 1100 

Residual Volume (RV) Volume remaining in the lung after maximal expiration 1200 

Inspiratory Capacity (IC) Volume that can be breathed after normal exhalation 3500 

Functional Residual Capacity (FRC) Volume remaining after normal expiration 2300 

Vital Capacity (VC) Maximum volume expired after maximal inspiration 4600 

Total Lung Capacity (TLC) Volume after maximal inspiration 5800 

Forced Expiratory Volume (FEV1) Volume expired in 1 second of maximum forced expiration varies 

 

 

Table 2: Characteristics of Obstructive and Restrictive Lung Diseases 

Disease Type Key Characteristics Examples 

Obstructive Decreased FEV1/FVC, air trapping, increased FRC Asthma, COPD 

Restrictive Decreased FVC, increased FEV1/FVC ratio Pulmonary fibrosis, Sarcoidosis 

 

https://www.ncbi.nlm.nih.gov/books/NBK545177/
https://www.ncbi.nlm.nih.gov/books/NBK545177/
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Table 3: Key Features of Asthma and COPD 

Feature Asthma COPD 

Reversibility Reversible with beta-agonists Irreversible 

Primary cause Chronic inflammation Smoking, environmental toxins 

Symptoms Wheezing, dyspnea, cough Chronic cough, sputum production 

Pathophysiology Bronchoconstriction Airway inflammation, alveolar damage 

 

Table 4: Examples of Restrictive Lung Diseases 

Disease Cause/Pathophysiology 

Idiopathic Pulmonary Fibrosis Fibrosis of alveolar walls 

Pneumoconiosis Inhalation of occupational dust 

Sarcoidosis Granulomatous inflammation 

 

Table 5: Oxygen Transport Components 

Component Description Formula/Value 

Hemoglobin Primary oxygen carrier 1.34 x [Hgb] x (SaO2/100) 

Dissolved O2 Oxygen dissolved in plasma 0.003 x PaO2 

CaO2 Oxygen content of arterial blood CaO2 = 1.34Hgb + 0.003(PaO2) 

 

Table 6: Stages of Lung Development 

Stage Timeframe (Weeks) Key Development 

Embryonic 4-7 Formation of major airways, pleura 

Pseudoglandular 5-17 Formation of bronchial tree, respiratory parenchyma 

Canalicular 16-26 Distal airway, blood-air barrier, surfactant production 

Saccular 24-38 Expansion of airspaces 

Alveolar 36 weeks to childhood Septation, maturation of alveoli 
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Table 7: Blood Flow Dynamics in Pulmonary Circulation 

Variable Definition Formula/Description 

Flow (Q) Cardiac output Q = P/R 

Pressure (P) Pressure gradient between pulmonary arteries and veins Systemic arterial pressure 

Resistance (R) Pulmonary vascular resistance Influenced by vessel diameter 

 

Table 8: Pulmonary Function Test (PFT) Patterns 

Disease FVC FEV1 FEV1/FVC 

Interstitial Fibrosis Decreased Decreased Normal/Increased 

Asthma Decreased Decreased Decreased 

COPD Decreased Decreased Decreased 

 

Table 9: Mechanisms of Hypoxia 

Mechanism Definition Examples 

Hypoventilation Reduced alveolar ventilation Obesity hypoventilation, CNS depression 

R-L Shunt Blood bypasses lungs Tetralogy of Fallot, AV malformations 

V/Q Mismatch Mismatch of ventilation and perfusion Pulmonary embolism, COPD 

Diffusion Limitation Impaired diffusion across alveolar membrane Interstitial fibrosis, emphysema 

 

Table 10: Factors Affecting Airway Resistance 

Factor Influence on Resistance Law 

Airway radius Inverse relationship with resistance Poiseuille's Law: R ∝ 1/r^4 

Airway length Direct relationship with resistance Longer airway = more resistance 

Air viscosity Direct relationship with resistance Higher viscosity = higher resistance 
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Conclusion 

Understanding lung physiology and its associated 

pathophysiology is crucial for diagnosing, managing, and 

preventing respiratory diseases. The intricate processes of 

lung development, gas exchange, and pulmonary 

mechanics are fundamental to respiratory health. 

Pulmonary function tests offer valuable insights into lung 

function, aiding in the differentiation of obstructive and 

restrictive diseases. Addressing lung diseases requires a 

multidisciplinary approach, with a particular focus on 

lifestyle modifications like smoking cessation to mitigate 

risks associated with COPD. As research progresses, 

innovations in diagnostic tools and therapeutic 

interventions will continue to enhance patient care. 

 

Questions 

 

1. What are the primary functions of the lungs in the 

respiratory system? 

2. How do alveoli facilitate efficient gas exchange? 

3. What are the key differences between obstructive and 

restrictive lung diseases? 

4. How is COPD pathophysiologically distinct from 

asthma? 

5. What clinical insights can pulmonary function tests 

provide? 

6. What factors influence lung compliance? 

7. How does cigarette smoking contribute to COPD? 

8. What are the different stages of lung development, 

and what occurs in each stage? 

9. How does hypoxia affect tissue oxygenation? 

10. What is the significance of the FEV1/FVC ratio in 

lung disease diagnosis? 

11. How does airway resistance change in asthma? 

12. What is the role of surfactant in lung mechanics? 

13. How do obstructive diseases affect lung volumes and 

capacities? 

14. What are the main causes of hypoventilation? 

15. How does V/Q mismatch contribute to respiratory 

pathology? 

16. What mechanisms drive gas diffusion in the alveoli? 

17. How can respiratory muscle dysfunction impact lung 

function? 

18. What diagnostic value does spirometry offer in lung 

disease? 

19. What are the clinical applications of understanding 

oxygen transport mechanisms? 

20. How do restrictive diseases impact lung compliance 

and volume? 
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