
Summary of Electrical Safety in OT 
 
Background 
 
Electricity will only flow in circuits 
 

 
 
Above is schematic showing electricity supply from substation to power socket in OT 
The main features are: 

- 2 lines to hospital  live and neutral 
- neutral line is earthed  this prevents energy surge from lightning strike, stray 

voltage in neutral line, etc 
 
Electrical injury 
 
When body contacts circuit at 2 points  electricity flows through body  potential for 
electrical shock + injury 
 
Electricity causes injury in 2 ways: 

(1) disrupts normal electrical function of cells (e.g. contract muscles, disrupts 
normal cardiac/nerve conduction) 

(2) converts to heat  burn 
 
Extent of electrical injury depends on many factors: 

- current 
o voltage 
o resistance  e.g. wet skin 1000 vs dry skin 100,000 

- current density  e.g. fraction of current passing through myocardium 
- duration of contact  e.g. anaesthetised pts cannot “let go” 
- location of contact  across heart is worse 
- timing of contact  worse during cardiac repolarisation (i.e. early T wave) 
- frequency  50 Hz main more dangerous than 1 MHz diathermy 
- AC or DC  in general, AC is more arrhythmia inducing 



Physiological effects of current 
 
10 – 20 A  microshock VF 
1 – 5 mA  tingling ~ pain 
10 – 20 mA  muscle spasm 
50 mA   respiratory arrest 
100 – 300 mA  macroshock VF 
1 A   significant burns 
 
Macroshock = current which will induce VF if applied to skin 
 
Microshock = current which will induce VF if directly applied to myocardium but not 
when applied to skin 
 
Protection against electric shock 
 
Protection may be in any part of the circuit: 
 

- anaesthetist and environment 
o high resistance PPEs  e.g. gloves, shoes 
o avoid wet skin 
o antistatic high impedance flooring (Terrazzo floor) 
o ensure patient not in contact with unnecessary metal conductors 
o appropriate humidity within OT (cold + dry  static; aim relative 

humidity ≥ 50%) 
o body protected areas = use of RCDs or LIMs 
o cardiac protected areas = body protected area + equipotential earthing 

 
- equipment 

o class I  earthed metal casing (i.e. if metal casing becomes live, high 
current passes to earth and trips fuse within  shut off power to device) 

o class II  double insulated outer casing (does not require earth) 
o class III  internally powered (usu < 24 V; does not require main) 
o another classification = using maximum permissible leakage current (B ≤ 

100 A, BF ≤ 100 A, C ≤ 10 A) 
 

- electricity supply 
o earthing 
o overcurrent protection devices (OCPD) = fuses or circuit breakers 
o residual current device (RCD) 
o isolating transformers and isolation monitors 

 
  



Earthing 
 

 
Earthing of outer metal casing acts as protection in 2 ways: 

(1) creates a lower resistance pathway  minimises current through body 
(2) lower resistance pathway  very high current  trips circuit breaker/fuse 

 
Fails when: 

- current path through body has lower resistance than path through earth 
- low resistance pathway created by earth cannot generate sufficiently high 

current to trip circuit breaker  metal casing remains live 
 
Overcurrent protection device 
 
Fuse or circuit breaker 
 
Problem = can only protect against large current surges (e.g. ≥ 10 A) 
Not appropriate in OT setting 
 
Residual current devices 
 
Normally, current low from live to neutral wire ∴ current in live = current in neutral 
 
RCD monitors current in live and neutral wires and will “trip” if a leak current is 
detected 
 
RCDs will detect current leak of 5 ~ 10 mA and “trip” within 10 ~ 20 ms  protects 
against macroshock 
 
RCD does not protect against: 

- current going through body and back via neutral (rare) 
- microshocks 

 
In Australia, RCDs are mandatory for the households 
Used in body protected areas where continuity of power supply is not critical 



Isolating transformers 
 

 
 
When body touches both the live wire of a non-isolated power system and ground, a 
circuit is formed because the neutral wire is grounded 
 
Isolation transformer creates an isolated power system such that neither the live nor 
neutral wires are grounded ∴ there is no potential difference relative to ground 
 contact with live wire and ground will not create a circuit 
 
Line isolation monitor (LIM) continually monitors isolated power system to ensure it is 
fully isolated from ground  alarms if the potential leak current exceeds 5 mA 
 
LIM does not protect against microshocks 
 
Note: “tripping” LIM does not break the circuit ∴ faulty but life sustaining equipment (e.g. 
ventilator) may allowed to continue operating (unlike RCDs) 
 
Equipotential earthing 
 
The only meaningful difference between cardiac and body protected areas is the 
inclusion of equipotential earthing 
 
If multiple equipment connected to patient each have different earth points  potential 
for small leak/fault currents  potential for microshock 
 
Equipotential earthing = use of ultra-low resistance cables to connect the earth wires 
of all equipment to a common earth point  reduce chance of small leak current 
 
  



Examiner’s Comments 
 
Candidates needed to describe the features of the power supply used in theatre and 
explain how these protect patients from macroshock to pass this question. Crucial to this 
is the use of isolated circuits with line isolation and overload monitors to protect 
continuity of supply while detecting leakage of current to earth from faulty equipment. 
Marks were also awarded for  
• A correct definition of macroshock, and its differentiation from microshock,  
• The levels of current necessary for macroshock and appreciation of the vulnerable 
situation of patients in operating theatre.  
• A description of how electrical isolation is obtained  
• The use of residual current devices (RCD) or Earth Leakage Core Balance Devices 
(ELCBs) in body protected areas where continuity of supply is not important  
• The need for inspection and on going maintenance of electrical equipment.  
• The relevance of Australasian standards and documentation.  
 


