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Phone call from parent

ÅFather of 23 month old scheduled for 
resection of midline neck mass (? Thyro-
glossal duct cyst)

ÅFather is adult oncologist

ÅShould surgery be delayed because of risk 
of brain damage?

ÅCan you use anesthesia that will have less 
risk of brain damage?

éé.what do you say to this father?



What Parents are Reading

Study: Anesthesia in Infancy Linked to Later 

Disabilities March 24, 2009

Anesthesia: Could Early Use Affect the Brain 

Later? November 3, 2009



Questions to think about when 

talking to parents

ÅIs there any risk in humans?

ÅWhat is the magnitude of risk? What 

factors increase the risk and up to what 

age should surgery be delayed? 

ÅIs one agent or technique better?

ÅShould we (can we) limit the dose?

ÅAre there any protective strategies?

Sanders + Davidson, Ped Anesth 2009
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Ikonomidou et al. (Science,1999)

Model: 7-day old rat

MK-801 (0.5 mg/kg, i.p.)

Reported findings with Ketamine (20 mg/kg, s.c. x 7 
over 9 h)

Science 283: 70-74



Apoptosis

ÅProgrammed cell death of 
redundant neurons

ÅNormal in 1% neurons

ÅDrug induced apoptosis occurs 
in up to 50% neurons in animal 
studies

ÅMeasured by activation of 
effector caspases as the final 
step



Neuronal Development

ÅNeuronal signaling, communication, feedback 
processing

ÅSynaptogenesis

ïMigration

ïSynapse formation

ïDifferentiation

ïMaturation

ÅGeneral anesthesia and ICU sedation results 
in prolonged depression of neuronal activity



Established Neurotoxins

Ethanol

Antiepileptic drugs

Phenytoin

Phenobarbital

Benzodiazepine

Valproic acid

Fetal Alcohol Syndrome

Fetal Malformations

Developmental delay

Microcephaly



Established Neurotoxins

Ethanol

Antiepileptic drugs

phenytoin

phenobarbital

benzodiazepine

valproic acid

Anesthetic Drugs

ketamine

isoflurane

midazolam

propofol

Fetal Alcohol Syndrome

Fetal Malformations

Developmental delay

Microcephaly

?



Jevtovic-Todorovic et al. (2003)

ÅModel:  Neonatal Rat (PND 7), 6 hours of anesthesia

ÅAnesthetic Regimen: cocktail of nitrous oxide, oxygen, 
isoflurane and midazolam

ÅEndpoints:  Histopathology, behavioral testing over 160 
days, and electrophysiology testing in hippocampal 
slices (P29-P33)

J. Neuroscience 23(3): 876-882



Jevtovic-Todorovic et al. (2003)

ÅFirst published report to suggest that both 
nitrous oxide, isoflurane and midazolam can 
also produce neuroapoptosis in rat model

ÅFirst study to attempt to mimic the clinical 
anesthetic setting

ÅExposure of neonatal rats to 6 hrs of ñmock 
anesthesiaò (nitrous oxide, oxygen, 
isoflurane, midazolam) caused:

ïwidespread apoptotic neurodegeneration in the 
developing brain

ïdeficits in hippocampal synaptic function

ïpersistent memory/learning impairments



Early Exposure to Common Anesthetic Agents Causes

Widespread Neurodegeneration in the Developing Rat Brain

and Persistent Learning Deficits

ÅTriple cocktail (P7 rat 

pups)

ïMidazolam 

ïIsoflurane 

ïNitrous oxide 

ÅHistological changes

ïneurodegeneration

ÅFunctional changes

ïMorris water maze

ïRadial arm maze

Jevtovic-Todorovic et al, J Neurosci, 2003



Common General Anesthetics

ÅPotentiate inhibitory transmission through GABAA

receptors (benzodiazepines, barbiturates, propofol) 
and inhalational anesthetics (isoflurane)

ÅDecrease excitatory transmission through 
antagonism of NMDA glutamate receptors (nitrous 
oxide, ketamine)

http://www.bedfordlabs.com/products/images/Ketamine (475-10).jpg
http://www.bedfordlabs.com/news/news_item-images/Propofol group.jpg
http://www.dwib.org/images/Midazolam.jpg


Premature and Term Infants

Exposure to Anticonvulsants, 
Volatile and Fixed anesthetics 

No Brain 
Changes

Apoptosis, Impaired 
Neurogenesis, 

Synaptogenesis

Abnormal Development
Learning Deficits,

Possible Impaired Executive 
Function, Autisim

No Exposure to 
Neurotoxins

Normal Development



Animal Studies and Apoptosis

ÅMammalian species (rats, mice, guinea pigs, and 
non-human primates)

ÅWidespread apoptosis after prolonged exposure if 
given during vulnerable period

ÅBehavioral and learning gaps which increase in later 
adulthood (executive function)



Animal Data

ÅExposure to various anesthetic drugs led to 
widespread neuroapoptosis

ÅLong term defect in spatial memory and 
learning

ÅMost of the studies in P7 rats (ñsweet spotò) 

ÅAnimal studies done with anesthesia but no 
surgery




