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Oxygen Transport System

Delivery or supply of fully oxygenated blood
to peripheral tissues, the cellular uptake of
oxygen, the utilization of oxygen in the tissue,
and the return of partially desaturated blood
to the lungs.
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The steps in this system include: 

Step 1

the quality of 

inspired gas

Step 2

Airways

Step 3

Lungs

Step 4

diffusion

Step 5

pulmonary 

circulation

Step 6

Cardiac

Function

Step 7

Peripheral 

circulation

Step 8

oxygen 

extraction 

and 

utilization in 

the muscle 

and tissues

Step 9

Return of CO2 and partially desaturated blood to the lungs



Step 1: Inspired Oxygen and Quality of the Ambient Air

• altitude, 
• geographical area, 
• season, 
• population density, 
• home and work environment, 
• level of ventilation, 
• …

Atmospheric air consists of 79% nitrogen, 20.97% oxygen, and 
0.03% carbon dioxide



Airway structure and function

Airway obstruction and increased 
resistance to airflow, is caused by 
multiple factors:
• edema, mucus, foreign 

objects, calcification, 
particulate matter, space-
occupying lesions, and hyper-
reactivity of bronchial smooth 
muscle. 

Step 2: Airways



Air entry to the lungs depends on the 
integrity of :

• Respiratory drive (CNS)
• Respiratory muscles, in particular 

the diaphragm
• Chest wall (mobility and 

protection)
• Pleural (negative intrapleural

pressure gradient)
• Parenchyma (compliance and 

elastic recoil)

Step 3: Lungs and Chest Wall



Diffusion of oxygen from the alveolar 
sacs to the pulmonary arterial 
circulation depends on:

• area of the alveolar capillary 
membrane, 

• diffusing capacity of the alveolar 
capillary membrane,

• pulmonary capillary blood volume,
• ventilation-perfusion ratio

(Ganong, 2003). 

Step 4: Diffusion



• In the upright lung the 
bases are better perfused 
than the apices.

• Ventilation and perfusion 
matching is optimal in the 
midzones of the lungs 
when a person is upright 
(West, 1985). 

Step 5: Perfusion

The distribution of blood perfusing the lungs is 
primarily gravity dependent:



• Synchronized coupling of 
electrical excitation of the heart 
and mechanical contraction

• The distensibility of the 
ventricles

• Contractility of the myocardial 
muscle

Step 6: Myocardial Function

Optimal myocardial function and cardiac output depend on: 



Step 7: Peripheral Circulation

Once oxygenated blood is ejected from the heart, the peripheral circulation provides a 
conduit for supplying this blood to metabolically active tissue



Step 8: Tissue Extraction and Utilization of Oxygen 

All cells in the body continually use 
oxygen, which rapidly diffuses out of 
the circulation and through cell 
membranes to meet metabolic 
needs:

• Distance between the capillaries 
and the cells is variable

• Oxygen pressure (PaO2)
• Rate of oxygen extraction by the 

cells is regulated by their oxygen 
demand



Step 9: Return of Partially Desaturated Blood and Carbon 
Dioxide to the Lungs

• Partially desaturated blood 
and carbon dioxide are 
removed from the cells via 
the venous circulation to the 
right side of the heart and 
lungs;

• Carbon dioxide diffuses 
across the alveolar capillary 
membrane and is eliminated 
from the body via the 
respiratory system, and the 
deoxygenated venous blood 
is reoxygenated;





• No one step is rate limiting; rather each step can 
individually alter oxygen transport to organ tissues.

• The system attempts to compensate for limitations at 
any step. 

• In healthy person, this system is acutely responsive to 
changes in oxygen demand, and changes oxygen 
delivery correspondingly.
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Impact during the Life Span

Fishman's Pulmonary Diseases and Disorders (2008)



Impact during the Life Span

Fishman's Pulmonary Diseases and Disorders (2008)



Impact on the Oxygen Transport System

Loss in 
respiratory 
Performance

Loss in cardiac 
Performance

Loss metabolic 
Performance





What are common health consequences of 
overweight and obesity?

Raised BMI is a major risk factor for 
noncommunicable diseases such as:

• cardiovascular diseases (mainly heart disease and 
stroke), which were the leading cause of death in 
2012;

• diabetes;
• musculoskeletal disorders (especially 

osteoarthritis - a highly disabling degenerative 
disease of the joints);

• some cancers (endometrial, breast, and colon).



Impact on the Oxygen Transport System

Loss in 
respiratory 
Performance

Loss in cardiac 
Performance

Loss metabolic 
Performance





Lung 
Diseases 
Affecting 

the 
Airways

Lung 
Diseases 
Affecting 
the Air 

Sacs 
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Lung 
Diseases 
Affecting 

Blood 
Vessels

Lung 
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Affecting 

the 
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Lung 
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Affecting 
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Consequences

Obstrutive Restrictive

People with obstructive lung
disease have shortness of breath
due to difficulty exhaling all the air
from the lungs.
Because of damage to the lungs or
narrowing of the airways inside the
lungs, exhaled air comes out more
slowly than normal.

People with restrictive lung disease
cannot fully fill their lungs with air.
Their lungs are restricted from fully
expanding.
Often results from a condition
causing stiffness in the lungs or
stiffness of the chest wall, weak
muscles, or damaged nerves





Pulmonary Function output



Loss in 
respiratory 
Performance

Loss in cardiac 
Performance

Loss metabolic 
Performance

Impact on the Oxygen Transport System



An ability to analyze the contribution or threat 
of these factors to oxygen transport will ensure 
that strategies are directed at the underlying 
limitations, promoting a maximally beneficial 
and cost effective intervention.

Dean & Frownfelter (2006)



Identifying the steps of 
STO2 that are 
compromised

Identifying what factors 
are dependent on the 

intervention

Choose the appropriate 
intervention to the 

context

Recognize when the 
risks outweigh the 

benefits of 
intervention

Dean & Frownfelter (2006)











So… what is the best 
intervention to 

optimize the Oxygen 
Transport System?



1 º Premise

The position of optimal physiological 
function is being upright and moving



Enhances 
the oxygen-

carrying 
capacity

Produces 
the greatest  
adjustment

Optimal 
Stimulus

“The best stimulation is one that enhances the oxygen-
carrying capacity of the individual and produces the
greatest adjustment without causing damage.”

Dean (2012)

2 º Premise



What is the 
evidence of these 

interventions?



Evidence on the 
effects of exercise 
therapy in the 
treatment of 
chronic disease 
(2010)



Exercise

Physiological 
and 

pathological 
factors

Oxygen 
Transport 

System
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