
Phys-MAKEUP Describe the range of FiO2 achievable with each of the following 
devices: 

1. Hudson mask 
2. Non-rebreather mask with reservoir 
3. Venturi mask 

What design features account for the differences in FiO2?  
 
Question conceived by Dr Kar-Soon Lim (12/07/2015) 
 
Background 
 
For a healthy 70 kg adult who is quietly breathing at rest: 

- tidal volume ≈ 500 mL 
- respiratory rate ≈ 12/min ∴ respiratory cycle = 5 seconds 
- inspiration ≈ 1 second, expiration + pause ≈ 4 seconds 
- ∴ average inspiratory flow rate ≈ 500 mL/s ≈ 30 L/min 

 
Face masks (e.g. above examples) all deliver fresh gas flow (FGF) ≤ 30 L/min 
∴ invariably result in entrainment of room air ! FiO2 delivered less than 100% 
 
FiO2 delivered also depends on patient’s inspiratory flow rate (e.g. higher respiratory 
rate ! higher inspiratory flow rate ! lower FiO2 delivered) 
 
Hudson mask 
 
Simple face mask covering nose and mouth 
Connected to oxygen – usual O2 flow rates 5 ~ 15 L/min 
O2 flow rates lower than 5 L/min may result in CO2 rebreathing 
FiO2 ranges between 30 ~ 60% 
 
Non-rebreather mask with reservoir 
 
Simple face mask covering nose and mouth with: 

- reservoir bag (~ 800 mL capacity) 
- one way valve 
- flap valve on mask 

 
Connected to oxygen – usual O2 flow rates 10 ~ 15 L/min 
During expiration, O2 fills reservoir, expired gas is prevented from entering reservoir 
by one way valve 
During inspiration, patient breathes in fresh gas from both O2 inflow and reservoir 
∴ higher FiO2 delivered despite inspiratory flow rate > FGF due to reservoir buffer 
 
FiO2 ranges between 50 ~ 80% 
 
Venturi mask 
 
Employs the Venturi principle, which is based on the Bernoulli principle (which is 
based on the law of conservation of energy) 
 



Simple face mask with special O2 inflow device 

O2 inflow is accelerated as it passes through narrow orifice of specific size ! 
generates region of low pressure ! entrains specific amount of room air ! delivers 
specific FiO2 
 
FiO2 ranges between 24 ~ 50% depending on size of orifice, O2 inflow rate, patient 
inspiratory flow rate and degree of seal of mask around face 
 
The ability to deliver specific FiO2, which is important in the management of COPD 
patients known to be CO2 retainers (prevent excessive FiO2) 
 
 


