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Background 

 

For the past 20 years, members of the international pediatric anesthesia and critical care 

medicine community have refined techniques for delivering safe general anesthesia, analgesia 

and sedation to newborn and older infants, be they healthy with mild anomalies or critically ill. It 

has long been established that pain and the stress response, if unmitigated by anesthesia and 

analgesia, has deleterious effects in young infants, both short- and long-term.
1,2,3 

Contrasting 

with these known beneficial effects, over the past 10 years a body of work has emerged 

documenting neurotoxic effects in young animals after exposure to anesthetic agents on which 

we base many of our anesthetics in these infants. How should clinicians who provide anesthesia 

for newborns and young infants react to this information?  Should we adjust our anesthetic 

technique? What do we tell parents who have heard about this issue in the lay press? What would 

we recommend for our own children or grandchildren? 

 

History 

Since 1999 when Ikonomidou et al. published a study linking the administration of ketamine to 

apoptotic neurodegeneration in the brains of young rats, many other investigators have published 

studies linking the administration of anesthetic agents to animals early in life to histological 

neurodegeneration. Agents shown to have this effect have included NMDA receptor antagonists 

such as ketamine and nitrous oxide and GABA receptor agonists such as midazolam, isoflurane, 

and propofol.
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Drug GABA NMDA antagonist 

Benzodiazepines +++  

Ketamine + +++ 

Propofol ++ + 

Nitrous oxide + +++ 

Isoflurane +++ + 

Sevoflurane +++ + 

 

These effects have been seen in multiple animal species including rats, mice, and more recently 

non-human primates.
7
 An excellent tabular summary of animal evidence published to date is 

available in a recent review by Loepke and Soriano.
8
 In addition to histological evidence of 

neurodegeneration, some studies have demonstrated long-lasting effects on “cognitive” function 

testing and learning behavior in such animals.
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Multiple arguments have been made questioning the applicability of this animal evidence to the 

clinical care of human infants. Among these arguments are: 

 

1) Correspondence of phenomena observed in animals to human effects 

a. Window of vulnerability in animals vs. humans: are studies being done in the 

“sweet spot”? 

b. Animal days/months vs. human regarding neurodevelopment
11

  

2) Questions about relevance of study design in animals to human clinical scenarios 

a. Prolonged duration of administration 

b. High concentrations of agents 

c. Combinations of multiple agents rarely used for anesthesia 

d. Focus on agents rarely used (nitrous oxide, isoflurane) rather than those more 

commonly used (sevoflurane, opioids) 

e. Lack of control of ventilatory and metabolic parameters 

f. Isolation from maternal care
12

 

g. Lack of surgical stimulation 

3) Degree of apoptosis seen after anesthetic exposure vs. “normal” developmental 

apoptosis  

 

Although most ketamine studies have employed doses and/or durations of ketamine exposure far 

in excess of that used in humans (and rarely used in human infants), adverse effects have been 

seen with isoflurane using clinically relevant,  and in some cases, sub-anesthetic doses.
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