
Physiol-14A4 Describe the physiological basis of methods used to prevent 
hypoxaemia prior to intubation in a rapid sequence induction. Include any 
adverse effects of these methods. 
 
Background 
 
Rapid sequence induction (RSI) = airway management technique with the aim of 
minimising time between loss of consciousness and intubation of airway 
 
After LOC prior to intubation, patient is not ventilated (∴ remains apnoeic) in order 
to minimise aspiration risk ! may become hypoxaemic during this time 
 
Hypoxaemia may be avoided by: 

(1) Increasing body’s oxygen store prior to apnoea 
(2) Maintaining body’s oxygen store during apnoea 

 
Increasing oxygen store 
 
The body’s greatest expandable O2 store is in functional residual capacity (FRC) 
 
FRC is the volume of gas remaining in lung at the end of normal (tidal volume) 
expiration 
 
During RSI apnoea, O2 uptake continues from FRC 
∴ ↑O2 partial pressure in FRC (e.g. with pre-oxygenation) ! ↑O2 available during 
apnoea ! prevent hypoxaemia 
 
In 70 kg adult, FRC is normally 30 mL/kg, i.e. ≈ 2000 mL 
 
When breathing room air, FRC content can be calculated using the alveolar gas 
equation: 
 
PAO2 = FIO2 × (PB – PH2O) – PACO2/R 
 
PAO2 = 21% × (760 – 47) – 40/0.8 ≈ 100 
O2 volume in FRC = (PAO2 / PB) × FRC = 100 / 760 × 2000 ≈ 260 mL 
 
O2 consumption at rest is ≈ 250 mL/min 
∴ FRC O2 will last approx 1 minute prior to depletion ! hypoxaemia shortly ensues 
 
When pre-oxygenation using 100% FIO2, 
 
PAO2 = 100% × (760 – 47) – 40/0.8 ≈ 660 
O2 volume in FRC = (PAO2 / PB) × FRC = 100 / 760 × 2000 ≈ 1740 mL 
∴ FRC O2 will last approx 7 minutes prior to depletion 
 
Positioning – if patient is sat upright ! FRC may be increased (by up to 15 ~ 30%) 
! corresponding increase in O2 store 



Theoretically, hyperventilation can also ↑store of O2 in FRC ! however, the effect is 
negligible 
 
Maintaining oxygen store 
 
As O2 consumption ≈ 250 mL/min but CO2 production ≈ 200 mL/min 
∴ there is net negative gas flow in alveoli ! gradient that draws upper airway gas 
down into alveoli 
 
If oxygen is continually provided to upper airway (e.g. via high flow nasal cannula) 
! O2 will be continuously drawn into alveoli ! maintain O2 reservoir in FRC ! 
delay depletion of FRC O2 ! prevent hypoxaemia 
 
This is the principle underlying apnoeic oxygenation 
 
Adverse effects 
 
Pre-oxygenation 
May cause absorption atelectasis and ↑low lung V/Q units ! ↑shunting 
May be difficult in combative patient 
May cause gastric insufflation ! risk of vomit/aspiration 
O2 toxicity (esp. in premature neonates) 
 
Upright positioning 
↓Cerebral perfusion pressure 
May make airway management more difficult 
 
Hyperventilation 
Cerebral vasoconstriction ! ↓cerebral blood flow 
 
Apnoeic oxygenation 
High flow nasal prongs may cause trauma to nasal mucosa 
Useless if airway is not patent 
 
Examiner’s comments – 16.8 % of candidates achieved a pass in this question 
 
In order to pass this question it was necessary to demonstrate that hypoxaemia is 
avoided by increasing oxygen stores and maintaining them. This mandated a 
discussion on the role of FRC as an oxygen store, and preoxygenation as a means of 
augmenting that store.  
 
Better answers demonstrated this using the alveolar gas equation. To achieve a pass, it 
was also necessary to provide some description on the role of positioning, and also 
that of apnoeic oxygenation. A discussion on the complications of all these 
modalities was also asked for, but frequently omitted. 


