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Learning Objectives 

 List the factors that affect diffusive transport of a 

gas between alveolar gas and pulmonary 

capillary blood. 

 Explain the concept of physiological dead space 

and physiological shunt  

 Describe the effect of Ventilation perfusion Ratio 

on alveolar gas concentration 

 Identify the average V/Q ratio in normal lung 

 Describe the abnormalities of ventilation perfusion 

ratio in a normal lung and COPD 

  Enlist common causes of hypoxemia  

What are 

we 

supposed 

to learn ? 





Let’s Recall our previous knowledge…. 



Physical Principles of Gas Exchange – 

key concepts 

 The purpose of the respiratory system is to perform gas exchange. 

 Gases tend to equalize their pressure in two regions that are connected; in such a 

situation, the respective pressure of each gas is known as that gas’s ” partial 
pressure.” 

 A gas will move from an area where its partial pressure is higher to an area where its 

partial pressure is lower, and the greater the difference in pressure, the more rapidly 

the gases will move. 

 



Gaseous Diffusion at Alveolar level 

 Alveoli are the basic units of gas exchange  

  There are 300 million Alveoli. Their size is variable –  

largest in upper lung &  

smallest in lower lungs  

  Blood gas barrier is formed by alveolar epithelium, 

capillary endothelium, basement membrane of each 

and the interstitial space in between  

 Alveolar epithelium is composed of – 

 mainly type I squamous epithelial cells and 

 some type II alveolar cells that produce surfactant 





Diffusion of gases through the 

respiratory membrane  

 
Depends on membrane’s thickness,  

 the diffusion coefficient of gas,  

 surface areas of membrane,  

 partial pressure of gases in alveoli and 

blood  

Increased ventilation or increased pulmonary 

capillary blood flow increases gas exchange  

 



Diffusion barrier  

 

 The diffusion barrier in the lungs consists of the following 
layers: 

 Alveolar epithelium 

 Tissue fluid 

 Capillary endothelium 

 Plasma 

 Red cell membrane 

 





Factors That Affect The Rate of 

Diffusion 
 

 Membrane thickness –  

the thinner the membrane, the faster the rate of diffusion. The diffusion 

barrier in the lungs is extremely thin , however some conditions cause 

thickening of the barrier, thereby impairing diffusion. Examples include: 

 Fluid in the interstitial space (pulmonary oedema). 

 Thickening of the alveolar membrane (pulmonary fibrosis). 

 



Factors That Affect The Rate of 

Diffusion 
 

 Membrane surface area –  the larger the surface area, the faster the rate of 

diffusion. The lungs normally have a very large surface area for gas 

exchange due to the alveoli. 

 Diseases such as emphysema lead to the destruction of the alveolar 

architecture, leading to the formation of large air-filled spaces known 

as bullae. This reduces the surface area available and slows the rate of gas 

exchange. 

 Pressure difference across the membrane 

 Diffusion coefficient of the gas 

 











Ventilation 

/Perfusion Ratio 



ALVEOLAR VENTILATION 
 

  

 The amount of air utilized for gaseous exchange every minute 

 The air trapped in the respiratory passages does not take part in 

gaseous exchange  

 Alveolar ventilation:  

     (Tidal volume – dead space volume ) x Respiratory rate  

           = (500 - 150) x 12 

           = 4,200 ml 

           = 4.2 ml/min 



                  VENTILATION 

 

 

  The process by which fresh air enters the lungs and an 

equal volume of air leaves the lungs. 

 It is of two types: 

 Pulmonary ventilation 

 Alveolar ventilation 

 

 

 

 

 



PULMONARY VENTILATION 

 

 
 It’s the volume of air coming in and out of the lungs per minute 

in quiet breathing 

 Also called Respiratory Minute Volume 

 Pulmonary ventilation = 

         Tidal volume x respiratory rate 

           = 500 ml x 12/min  

           = 6000 ml/ min 

 

 

 



PERFUSION (Q) 

 

The movement of blood into the lungs through pulmonary capillaries  

 (Q – from German Quellen, meaning to gush)  

  

 Pulmonary blood flow 5 L/min  

 These volume going to be spreaded all along the alveolar capillary 

membrane which has 50 to 100 m² surface area 

 

Distribution of Pulmonary Perfusion 

 Due to gravitational influence the lower dependent areas receive more 

blood  

 Upper zone – nondependent areas are less perfused 
 

 

 

https://image1.slideserve.com/3221854/distribution-of-pulmonary-perfusion-l.jpg


VENTILATION- PERFUSION RATIO 

  It’s the ratio of alveolar ventilation to blood flow in lung.  

 In normal individual at rest alveolar ventilation (V) is 4L/min and 

pulmonary blood flow (Q) is 5 lit/min.  

 The normal ventilation-perfusion ratio is 0.8. 

 Ensuring that the ventilation and perfusion of the lungs 

are adequately matched is vital for ensuring 

continuous delivery of oxygen and removal of carbon dioxide 
from the body. 

 



Effect of ventilation/perfusion ratio on 

alveolar gas concentration 

  Two factors determine the PO2 and the PCO2 in the alveoli:  

(1) the rate of alveolar ventilation and  

(2) the rate of transfer of oxygen and carbon dioxide through the 

respiratory membrane. 

  normally to some extent, and especially in many lung diseases, some 

areas of the lungs are well ventilated but have almost no blood flow, 

whereas other areas may have excellent blood flow but little or no 

ventilation.  





Dead Space 

 Part of respiratory tract where gaseous exchange does not 

take place. The air present in dead space is known as dead 

space air 

 Ventilation is present but no blood flow. This leads to wasted 

ventilation 

 There are three types of dead space: 

 Anatomical 

 Alveolar 

 physiological 



Anatomical Dead Space 

 

 The dead space areas are: 

 Nose, 

 Pharynx 

 Trachea 

 Bronchi 

 Bronchioles (upto terminal bronchioles) 

In Conducting airways: about 150mL in an average adult  

 

 



Alveolar dead space 

 This occurs when areas of the lung are being ventilated but not 

being perfused and this leads to what is known as V/Q 

mismatch.  

  Large increases in alveolar dead space commonly occur in the 

following conditions: 

 pulmonary edema,  

 pulmonary embolism  

 



Physiological Dead Space 

  

 This is a combination of alveolar and anatomical dead space 

added together.  

 Part of the tidal volume which does not participate in gas 

exchange.  

  The quantity of CO2 exhaled from the healthy alveoli will be 

diluted by anatomical dead space and alveoli with no 

perfusion. 

 

 









 Shunt is the opposite of dead space and consists 

of alveoli that are perfused, but not ventilated.  

 blood flowing past poorly ventilated 

alveoli doesn’t pick up additional oxygen. 

  This poorly oxygenated blood returns to the heart 

and mixes with oxygenated blood coming from 

other areas of the lungs that are ventilated.  

 The mixture lowers  the total oxygen content of the 

arterial blood, producing hypoxemia.  

 the larger the shunt, the lower the oxygen content. 

 

Physiological Shunt  



Causes of Shunt 

 Common causes of shunt occur in lung tissue disease and 
include: 

 pneumonia and pulmonary edema: some alveoli filled with 
fluid 

 tissue trauma: alveolar wall swelling 

 atelectasis: collapse of alveoli from failure to expand, or 
absorbtion of the air out of the alveoli without replacing it 

 mucous plugging: air can’t get into the alveoli 

 pulmonary arteriovenous fistulas 

 



 A woman has a respiratory rate of 18, a tidal volume of 350 mL, and a 

dead space of 100 mL. What is her alveolar ventilation? 

 a. 4.0 L 

 b. 4.5 L 

 c. 5.0 L 

 d. 5.5 L 

 e. 6.0 L 

 



V/Q Mismatch 



Extreme alterations of V/Q 
 

 An area with perfusion but no ventilation (and thus a V/Q of 

zero) is termed shunt. 

 An area with ventilation but no perfusion (and thus a V/Q 

undefined though approaching infinity) is termed "dead 

space". 

 

https://en.wikipedia.org/wiki/Pulmonary_shunt
https://en.wikipedia.org/wiki/Dead_space_ventilation
https://en.wikipedia.org/wiki/Dead_space_ventilation






Alveolar Oxygen and Carbon Dioxide 
Partial Pressures When V/Q Equals Zero 
 

When V/Q is equal to zero—that is, without any alveolar 

ventilation—the air in the alveolus comes to equilibrium with the 

blood oxygen and carbon dioxide because these gases diffuse 

between the blood and the alveolar air.  

Because the blood that perfuses the capillaries is venous blood 

returning to the lungs from the systemic circulation, it is the gases 

in this blood with which the alveolar gases equilibrate. 

  the normal venous blood has a PO2 of 40 mm Hg and a PCO2 of 

45 mm Hg. Therefore, these are also the normal partial pressures 

of these two gases in alveoli that have blood flow but no 

ventilation. 



Alveolar Oxygen and Carbon Dioxide Partial 
Pressures When V/Q  Equals Infinity 
 

  There is no capillary blood flow to carry oxygen away or to bring 

carbon dioxide to the alveoli.  

  instead of the alveolar gases coming to equilibrium with the venous 

blood, the alveolar air becomes equal to the humidified inspired 

air.  

 So the air that is inspired loses no oxygen to the blood and gains no 

carbon dioxide from the blood.  

 And because normal inspired and humidified air has a PO2 of 149 

mm Hg and a PCO2 of 0 mm Hg, these will be the partial pressures 

of these two gases in the alveoli. 



V and Q Matching 



V and Q Matching 

Ensuring that the ventilation 

and perfusion of the lungs 

are adequately matched is 

vital for ensuring 

continuous delivery of 

oxygen and removal of 

carbon dioxide from the 

body. 















Abnormalities of Ventilation-

Perfusion Ratio 



Abnormalities of Ventilation-Perfusion 
Ratio 

 Abnormal V/Q  in the Upper and 

Lower Normal Lung 

 In a normal person in the upright 

position, both pulmonary capillary 

blood flow and alveolar 

ventilation are considerably less in 

the upper part of the lung than in 

the lower part; however, blood 

flow is decreased considerably 

more than ventilation is.  



 Therefore, at the top of the lung, V/Q is as much 

as 2.5 times as great as the ideal value, which 

causes a moderate degree of physiologic 

dead space in this area of the lung. 

At the other extreme, in the bottom of the lung, 

there is slightly too little ventilation in relation to 

blood flow, with  V/Q  as low as 0.6 times the 

ideal value. In this area, a small fraction of the 

blood fails to become normally oxygenated, 

and this represents a physiologic shunt. 



Lower V/Q Ratio 

 A lower V/Q ratio (with respect to the expected value for a particular 

lung area in a defined position) impairs pulmonary gas exchange and is 

a cause of low arterial partial pressure of oxygen (pO2).  

 

 These abnormal phenomena are usually seen in: 

 chronic bronchitis 

 asthma 

 hepatopulmonary syndrome 

  acute pulmonary edema 

 

https://en.wikipedia.org/wiki/Bronchitis
https://en.wikipedia.org/wiki/Asthma
https://en.wikipedia.org/wiki/Hepatopulmonary_syndrome
https://en.wikipedia.org/wiki/Hepatopulmonary_syndrome
https://en.wikipedia.org/wiki/Hepatopulmonary_syndrome
https://en.wikipedia.org/wiki/Acute_pulmonary_edema
https://en.wikipedia.org/wiki/Acute_pulmonary_edema


A high V/Q Ratio 

 A high V/Q ratio decreases pCO2 and increases pO2 in alveoli.  

 Because of the increased dead space ventilation, the pO2 is 

reduced and thus also the peripheral oxygen saturation is lower 

than normal, leading to tachypnea and dyspnea.  

 This finding is typically associated with pulmonary embolism (where 

blood circulation is impaired by an embolus). Ventilation is wasted, 

as it fails to oxygenate any blood.  

 A high V/Q can also be observed in emphysema as a maladaptive 

ventilatory overwork of the undamaged lung parenchyma. 

  Because of the loss of alveolar surface area, there is proportionally 

more ventilation per available perfusion area.  

https://en.wikipedia.org/wiki/Pulmonary_embolism
https://en.wikipedia.org/wiki/Emphysema


Abnormal V/Q in Chronic Obstructive 
Lung Disease 

 Most people who smoke for many 

years develop various degrees of 

bronchial obstruction;  

  this condition eventually becomes 

so severe that they develop serious 

alveolar air trapping and 

resultant emphysema.  

 The emphysema in turn causes 

many of the alveolar walls to be 

destroyed.  

 



Two abnormalities occur in smokers to 

cause abnormal V/Q  

1.  because many of the small 
bronchioles are obstructed, the 
alveoli beyond the obstructions are 
unventilated, causing a  V/Q  that 
approaches zero.  

2. in those areas of the lung where the 
alveolar walls have been mainly 
destroyed but there is still alveolar 
ventilation, most of the ventilation is 
wasted because of inadequate 
blood flow to transport the blood 
gases. 



Abnormal V/Q in Chronic 
Obstructive Lung Disease 

In chronic obstructive lung disease: 

 some areas of the lung exhibit serious physiologic shunt,  

 and other areas exhibit serious physiologic dead space.  

 Both conditions tremendously decrease the effectiveness of the lungs 

as gas exchange organs, sometimes reducing their effectiveness to as 

little as one-tenth normal.  

 In fact, this is the most prevalent cause of pulmonary disability today. 

 







Hypoxemia 

 



Hypoxemia  

Hypoxemia is an abnormally low level of oxygen in the blood 



 



Recommended books   

 Text book of Medical 

Physiology-Guyton and Hall  

 Principles of Human 

Physiology- Lauralee 

Sherwood 

 Sembulingam- Essentials of 

Medical Physiology 

 https://www.youtube.com/watch?v=-

mL_NQ3pKnA 

 



For Feedback 

If you have any questions or confusion regarding 

this topic plz contact me at: 

dr_sarah@yahoo.com 





List the normal airway, alveolar, arterial, and mixed 

venous PO2 and PCO2 values. 93 List the normal 

arterial and mixed venous values for O2 saturation, 

[HCO3-] 94 


