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Phone call from parent

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

A Father is adult oncologist

A Should surgery be delayed because of risk
of brain damage?

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

éeé. what do you say t
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What Parents are Reading

TIME
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

A Is there any risk in humans?

A What is the magnitude of risk? What
factors increase the risk and up to what
age should surgery be delayed?

A Is one agent or technique better?
A Should we (can we) limit the dose?
A Are there any protective strategies?

Sanders + Davidson, Ped Anesth 2009



lkonomidou et al. (Science,1999)

Blockade of NMDA Receptors
and Apoptotic
Neurodegeneration in the

Developing Brain

Chrysanthy lkonomidou,* Friederike Bosch, Michael Miksa,
Petra Bittigau, Jessica Vockler, Krikor Dikranian,
Tanya |. Tenkova, Vanya Stefovska, Lechoslaw Turski,
John W. Olney

Model: 7-day old rat

MK-801 (0.5 mg/kg, 1.p.)

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



Apoptosis
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= Wl A Programmed cell death of

‘ redundant neurons

A Normal in 1% neurons

1 A Drug induced apoptosis occurs
¢] Inupto 50% neurons in animal

Bl studies

.~ 8l A Measured by activation of
41 effector caspases as the final
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Neuronal Development

A Neuronal signaling, communication, feedback
processing

A Synaptogenesis
I Migration
I Synapse formation
I Differentiation
I Maturation

A General anesthesia and ICU sedation results
In prolonged depression of neuronal activity



Established Neurotoxins

Ethanol  ——

Antiepileptic drugs
Phenytoin  ——p
Phenobarbital
Benzodiazepine
Valproic acid

Fetal Alcohol Syndrome

Fetal Malformations
Developmental delay
Microcephaly



Established Neurotoxins

Ethanol —p  [etal Alcohol Syndrome
Antiepileptic drugs
phenytoin Fetal Malformations
phenobarbital ———p Developmental delay
benzodiazepine Microcephaly
valproic acid
Anesthetic Drugs
ketamine
soflurane ?
midazolam

propofol



Jevtovic-Todorovic et al. (2003)

Early Exposure to Common Anesthetic Agents Causes
Widespread Neurodegeneration in the Developing Rat Brain
and Persistent Learning Deficits

Vesna Jevtovic-Todorovic,! Richard E. Hartman,? Yukitoshi Izumi,* Nicholas D. Benshoff,* Krikor Dikranian,*
Charles F. Zorumski,” John W. Olney,” and David F. Wozniak®
Department of Anesthesiology, University of Virginia Health System, Charlottesville, Virginia 22908, and Departments of *Neurology and *Psychiatry,

Washington University School of Medicine, St. Louis, Missouri 63110

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

A Anesthetic Regimen: cocktail of nitrous oxide, oxygen,
Isoflurane and midazolam

A Endpoints: 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)

A First published report to suggest that both
nitrous oxide, Isoflurane and midazolam can
also produce neuroapoptosis in rat model

A First study to attempt to mimic the clinical
anesthetic setting

AExposure of n o a t
anesthesi ao (ni 0
Isoflurane, midazolam) caused:

I widespread apoptotic neurodegeneration in the
developing brain

a l r a
US O X

I deficits in hippocampal synaptic function
I persistent memory/learning impairments



Early Exposure to Common Anesthetic Agents Causes

Widespread Neurodegeneration in the Developing Rat Brain
and Persistent Learning Deficits
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Common General Anesthetics

A Potentiate inhibitory transmission through GABA ,
receptors (benzodiazepines, barbiturates, propofol)
and inhalational anesthetics (isoflurane)

A Decrease 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 Anticonvulsantg No Exposu_re to
Volatile and Fixed anesthetic Neurotoxins
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Animal Studies and Apoptosis

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

A Widespread apoptosis after prolonged exposure if
given during vulnerable period

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



Animal Data

A Exposure to various anesthetic drugs led to
widespread neuroapoptosis

A Long term defect in spatial memory and
learning

AMost of the studies i

A Animal studies done with anesthesia but no
surgery



Anesthesiology 2005; 102:866-8 © 2005 American Society of Anesthesiologists, Inc. Lippincott Williams & Wilkins, Ihc.

Of Mice and Men: Should We Extrapolate Rodent Experimental

Data to the Care of Human Neonates?

Sulpicio G. Soriano, M.D.,* Kanwaljeet J. S. Anand, M.B.B.S.,
D.Phil.,, Cynthia R. Rovnaghi, M.S., Paul R. Hickey, M.D.
* Children’s Hospital Boston and Harvard Medical School, Boston,
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