
Pharm-18A4 Outline the hazards associated with the use of CO2 absorbents within a 
circle breathing system and how the risks can be minimised. 
 
Background 
 
CO2 absorbent is an integral part of the circle breathing system, in order to minimise 
CO2 rebreathing 
 
Common CO2 absorbents include: 
 
(1) Soda lime – Ca(OH)2 (mainly), NaOH ± KOH, H2O, pH indicator, silica (hardens) 
 
CO2 + H2O  H2CO3 
H2CO3 + NaOH  Na2CO + H2O (fast, exothermic) 
Na2CO3 + Ca(OH)2  CaCO3 + NaOH 
 
Overall: CO2 + Ca(OH)2  CaCO3 + H2O 
 
(2) Amsorb® – Ca(OH)2 (mainly) and CaCl2; polyvinylpyrrolidine and CaSO4 
(setting agents); H2O, pH indicator 
 
(3) Dry Baralyme (no longer used) – Ca(OH)2 80%, Ba(OH)2 20% - no H2O, no silica 
 
Hazards 
 
General hazards (common to all absorbents) 

- failure/depletion results in CO2 rebreathing 
- increase resistance to gas flow 
- toxicity if dust enters breathing circuit 
- potential cause for circuit leak 
- sequestration of volatiles 
- heat production – rarely may cause fire/explosion 

 
Specific hazards 

- absorbents containing strong bases (e.g. KOH and NaOH) can react with: 
o sevoflurane to form compound A (also compounds B – E) 
o CH2F groups in desflurane, isoflurane and enflurane to form CO 
o other degradation products such as formaldehyde, methanol, etc 

- newer absorbents such as Amsorb® (does not contain strong bases) and 
SpiraLith (LiOH) have minimal volatile degradation 

 
Minimising Risk 
 

- pH indicator is added as early marker of absorbent depletion 
- inspired CO2 is measured to monitor for absorbent depletion 
- check circuit for leaks after replacing CO2 absorbent canister 
- filter on absorbent canister minimises dust entering breathing system 
- using newer absorbents which contain less strong base to avoid volatile 

degradation (Baralyme use has been discontinued since early 2000s) 



- after replacing CO2 absorbent, fresh gas flow needs to be temporarily 
increased to avoid sudden fall in volatile concentration within circuit 

- before case involving MH-susceptible patients, CO2 absorbent needs to be 
changed (or at least flushed) to eliminate sequestered volatile 

- avoid excessive dessication of absorbents (high fresh gas flows for prolonged 
periods) 

- avoid excessive heating of absorbents 
 
Sevoflurane and compounds A 
 
Sevoflurane can interact with CO2 absorbents to produce toxic degradation products 
 

 
Major product is compound A (above) 
Fluoromethyl-2,2-difluoro-1-trifluoromethyl vinyl ether 
(basically removal of HF from fluorinated isopropyl group) 
 
In rat models  compound A causes nephrotoxicity with LD50 ≈ 400 ppm 
In practice, concentration in circuit only reaches low levels even after prolonged low 
flow anaesthesia (5 hrs  0.25L/min FGF  20 ppm) 
 
Compounds B – E are produced in lesser quantities 
 
Factors that increase [compound A] in circuit: 

(1) low flow closed circuit anaesthesia 
(2) high sevoflurane concentrations 
(3) CO2 absorbent with greater strong base content (e.g. Baralyme > soda lime) 
(4) high absorbent temperature 
(5) dry absorbent 

 
Carbon monoxide 
 
Desflurane, enflurane and isoflurane all contain –CHF2 groups, which can react with 
Baralyme (more) and soda lime (less) to form carbon monoxide 
 
CO binds 230 times more strongly to Hb than O2  forms carboxyhaemoglobin  
reduces Hb oxygen carrying capacity  hypoxia 
 
Factors that increase CO production: 

(1) type of volatile (des > en > iso >> halo ≈ sevo) 
(2) low fresh gas flows 
(3) high volatile concentration 
(4) dry absorbent 
(5) absorbent with greater strong base content (Baralyme > soda lime) 
(6) high absorbent temperature 

 
Halothane degradation 



 
CO2 absorbents can also degrade halothane by removing HF group to form BCDFE 
(bromochlorodifluoroethene) 
 
BCDFE is formed in very small quantities + it is much less nephrotoxic than 
compound A 
 clinical effect is negligible 
 
Examiner’s comments 
 
A carbon dioxide absorber is an integral part of the circle breathing circuit. 
 
In order to pass this question candidates needed to discuss several of the risks 
associated with the use of CO2 absorbers AND the ways in which these risks could 
be minimised.  
 
There are multiple risks due to the presence of CO2 absorbent in the circuit, 
regardless of the nature of the absorbent and also some risks which are absorbent 
specific. To pass the candidates must have demonstrated an understanding of these 
differences and discussed general risks and at least one agent specific risk. 
 
The most commonly discussed specific agent was soda lime, which does pose some 
specific risks. Better candidates were able to differentiate agent specific risks, either 
by comparing soda lime to older, more hazardous absorbents, such as Baralyme, or 
newer agents free from agent specific risks, such as Amsorb, a Ca(OH)2-based 
absorbent.  
 
Note: the chemical composition and mechanism of CO2 absorption are included for 
completeness. they were not expected by the examiners and did not attract marks for 
this question. 


