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Numerous studies have questioned the safety of anesthetics
on the developing brain given that many data support anes-
thetic neurotoxicity in infants [1-3]. In this issue of the Korean
Journal of Anesthesiology [4], we discuss studies that found that
co-administration of apocynin, an NADPH oxidase inhibitor,
prevents long-term memory loss in neonatal mice exposed to
sevoflurane by preserving glutamatergic neurons in the basolat-
eral amygdala.

Rodent-based studies have shown that agents that affect
NMDA and GABA receptors, like most of the anesthetics cur-
rently in use, produce profound apoptotic and neurodegenera-
tive changes in the developing brain. These effects are associated
with long-term deficits in learning and behavior, and may be
mitigated by pharmacological agents and behavioral means.

Several studies in non-human primates at the National Cen-
ter of Toxicological Research (NCTR) [5-10] also show adverse
cognitive effects related to anesthesia. These studies used an op-
erant test battery, a tool that has not yet been used or validated
by other investigators.

Human studies to date are confined to retrospective cohort
studies of existing databases. Results are mixed; however, the
strongest of these studies consistently show that multiple expo-
sures, not a single exposure, are associated with adverse cogni-
tive effects.

Three comprehensive studies are currently underway using a
prospective comprehensive battery of neurocognitive tests:

GAS: The GAS study is the only randomized clinical trial
currently funded to study this adverse effect. It compares the
neurocognitive performance of 5-year-old patients who under-
went hernia repair under either spinal or general anesthesia as

infants. Last year, results showed no association between the
incidence of adverse neurodevelopmental effects at two years of
age and less than one hour of sevoflurane anesthesia in infancy
[11]. However, the GAS trial’s prespecified primary outcome of
global cognitive function at 5 years of age is still pending.

PANDA: An ambidirectional study of children exposed to
general anesthesia for hernia repair matched to siblings who
were not exposed. PANDA also uses a prospective comprehen-
sive battery of neurocognitive tests. Results of the PANDA study
indicate that there was no statistically significant difference in
the full-scale IQ score between siblings at 8-15 years, with and
without a single anesthesia exposure before the age of 3 years
[12].

Further studies will more fully elucidate the neurocognitive
risks of repeated exposure, prolonged exposure, and other ef-
fects in vulnerable subgroups such as premature infants.

MASK: The MASK study is also ambidirectional but differs
in that it measures comprehensive outcomes at two separate
ages, includes children with single and multiple exposures, and
includes the operant test battery as a means of extrapolating
existing non-human primate findings to children. The study is
likely to report results soon.

Regardless of mechanism, multiple studies have now shown
an association between anesthetic procedures and adverse neu-
rodevelopmental outcomes. Anesthesia is one potential mecha-
nism to explain this apparent association; there are several oth-
ers.

The results of this research highlight the importance of con-
tinuing advancements in pediatric anesthesia in terms of patient
safety, outcome and comfort.

Corresponding author: Bon-Nyeo Koo, M.D., Ph.D.

Department of Anesthesiology and Pain Medicine, Anesthesia and Pain Research Center, Yonsei University College of Medicine, 50, Yonsei-ro,

Seodaemun-gu, Seoul 03722, Korea
Tel: 82-2-2228-2422, Fax: 82-2-312-7185, Email: koobn@yuhs.ac
ORCID: http://orcid.org/0000-0002-3189-1673

Korean ] Anesthesiol 2017 June 70(3): 237-238
https://doi.org/10.4097/kjae.2017.70.3.237

@ This is an open-access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/
licenses/by-nc/4.0/), which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.

Copyright (© the Korean Society of Anesthesiologists, 2017

Online access in http://ekja.org


http://crossmark.crossref.org/dialog/?doi=10.4097/kjae.2017.70.3.237&domain=pdf&date_stamp=2017-05-26

Anesthetic induced neurotoxicity VOL. 70, NO. 3, JUNE 2017

References

. Gleich S, Nemergut M, Flick R. Anesthetic-related neurotoxicity in young children: an update. Curr Opin Anaesthesiol 2013; 26: 340-7.
. Brambrink AM, Orfanakis A, Kirsch JR. Anesthetic neurotoxicity. Anesthesiol Clin 2012; 30: 207-28.
. Stratmann G. Review article: Neurotoxicity of anesthetic drugs in the developing brain. Anesth Analg 2011; 113: 1170-9.

AW N

. Sun Z, Satomoto M, Adachi YU, Makita K. Apocynin preserves glutamatergic neurons in the basolateral amygdala in mice with neonatal

sevoflurane exposure. Korean ] Anesthesiol 2017; 70: 335-40.

5. Brambrink AM, Back SA, Riddle A, Gong X, Moravec MD, Dissen GA, et al. Isoflurane-induced apoptosis of oligodendrocytes in the
neonatal primate brain. Ann Neurol 2012; 72: 525-35.

6. Brambrink AM, Evers AS, Avidan MS, Farber NB, Smith DJ, Martin LD, et al. Ketamine-induced neuroapoptosis in the fetal and neonatal
rhesus macaque brain. Anesthesiology 2012; 116: 372-84.

7. Brambrink AM, Evers AS, Avidan MS, Farber NB, Smith DJ, Zhang X, et al. Isoflurane-induced neuroapoptosis in the neonatal rhesus
macaque brain. Anesthesiology 2010; 112: 834-41.

8. Paule MG, Li M, Allen RR, Liu E Zou X, Hotchkiss C, et al. Ketamine anesthesia during the first week of life can cause long-lasting cognitive
deficits in rhesus monkeys. Neurotoxicol Teratol 2011; 33: 220-30.

9. Slikker W Jr, Zou X, Hotchkiss CE, Divine RL, Sadovova N, Twaddle NC, et al. Ketamine-induced neuronal cell death in the perinatal
rhesus monkey. Toxicol Sci 2007; 98: 145-58.

10. Zou X, Liu E, Zhang X, Patterson TA, Callicott R, Liu S, et al. Inhalation anesthetic-induced neuronal damage in the developing rhesus
monkey. Neurotoxicol Teratol 2011; 33: 592-7.

11. Davidson AJ, Disma N, de Graaff JC, Withington DE, Dorris L, Bell G, et al. Neurodevelopmental outcome at 2 years of age after general
anaesthesia and awake-regional anaesthesia in infancy (GAS): an international multicentre, randomised controlled trial. Lancet 2016; 387:
239-50.

12. Sun LS, Li G, Miller TL, Salorio C, Byrne MW, Bellinger DC, et al. Association between a single general anesthesia exposure before age 36

months and neurocognitive outcomes in later childhood. JAMA 2016; 315: 2312-20.

238 Online access in http://ekja.org



