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Introduction:
● alveolar minute ventilation (VA) should have less effect 

on emergence with less soluble agents (1)
● resurgent interest in the use of hyperventilation to 

hasten recovery from general anesthesia (2-4), but 

studies are flawed:
 initial hypoventilation (2, 3) in control group
 concomitant CO2 administration causes 

hypercarbia (4)
 hypercarbia by itself shortens emergence by 

increasing cerebral blood flow (5).
● we used GasMan® (MedManSimulations, Inc., 

Chestnut Hill, MA)
 to further theoretically address the effect of 

hyperventilation on recovery 
 to compare the effects of hyperventilation on 

recovery with 3 different agents (isoflurane, 

sevoflurane, and desflurane) after prolonged 

anesthesia

Results:
Times to reach 0.3 MAC in the VRG:Times to reach 0.3 MAC in the VRG:

Discussion:
●   our simulations confirm Eger’s predictions 
●   hyperventilation is less effective with lower soluble agents
● hyperventilation in GasMan does not result in hypocarbia

 similar to normocapnic hyperventilation in patients
 normocapnic hyperventilation requires anesthesia circuit 

modifications
➢ adding CO2

➢ rebreathing of CO2 and activated charcoal to eliminate agent
  hypocapnic hyperventilation reduces clearance of agent from the brain

➢ decreased cerebral blood flow
➢  prolongs emergence

Conclusion:
●   normocapnic hyperventilation with desflurane or 

sevoflurane is theoretically of limited value
● clinical studies are required to confirm these findings
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Normoventilation Hyperventilation Difference (abs.) Difference (%)

Isoflurane 14 min 42 sec 10 min 18 sec 4 min 24 sec 30 %

Sevoflurane 9 min 12 sec 7 min 30 sec 1 min 42 sec 18 %

Desflurane 6 min 12 sec 5 min 24 sec 48 sec 13 %

Methods:
● GasMan® simulation
● 1 MAC of isoflurane, sevoflurane, and desflurane for 8 h
● normoventilation (5 L/min) 
● saturation of the vessel rich group (VRG) 
● near-saturation of the muscle group (MG) 
● after 8 h, agent administration is stopped

 fresh gas flow to 10 L/min to avoid rebreathing
 wash-out with normoventilation (VA 5 L/min) or 

hyperventilation (VA 10 L/min)
● time for partial pressure in VRG (FVRG) to reach 0.3 MAC 

(MACawake) is determined
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1. Relationship between FCNS and FA
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 decrease in FA determines decrease in FCNS to ≤ MACawake
  there is no instantaneous equilibration: there is a time delay between 

F
a
 and FCNS

➢ this is an exponential process
➢ is determined by CNS’s time constant (ττττ)
➢ there is 95 % equilibration after 3 ττττ
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➢ ττττ
CNS

 is shortest with desflurane: there is faster 

equilibration between FCNS and FA for desflurane
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2. The rate of decrease in FA depends on the amount 

of agent transferred from venous blood to the alveoli 

minus the amount of agent exhaled
 amount of agent returned to the alveoli with 

venous blood = Q x λλλλB/G x Fven


 when Q, λλλλB/G, or Fven is small, the amount of 

agent returned to the alveoli will be less
 Fven is determined by the amount of agent 

released by the tissues, which is determined by 

ττττtissue and Ftissue - Fa (the degree of saturation of the 

tissue)
 the VRG is washed out very quickly, and the fat 

group has a very long time constant, and 

therefore once FVRG ≤ MACawake, only the MG 

contributies to Fven

 the transfer of agent from venous blood to 

alveoli = Q x λλλλB/G x (Fven – FA)
 the amount of agent that is exhaled = VA x FA

Appendix: What determines emergence? F
CNS 

≤ MAC awake (0.3 MAC) 
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