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Inclusion Criteria: Systematic reviews 
involving individuals who (a) were neonatal 
or of young/developing age, (b) underwent 
surgical general anesthesia, and (c) were 
evaluated specifically for their behavioral 
abilities or disabilities after receiving 
anesthesia.
Search terms: general anesthesia, 
neurodevelopment, brain development, 
pediatrics; yielding 11 articles

The U.S. Food and Drug Administration (FDA) 
issued a drug safety communication in 
2016 to inform health care providers, parents, 
and caregivers of children younger than three 
years that the repeated or lengthy use of 
general anesthesia may adversely affect 
children’s developing brains.
Specific guidelines have not been published 
for children under four years of age that 
require general anesthesia or for children that 
require repeated exposures to general 
anesthesia.
It is important to understand the possible link 
of pediatric anesthesia and neurocognitive 
delays as reported by the FDA.

For Practice
- Limit anesthesia time to less than 120 

minutes.
- Avoid multiple procedures in the young 
child’s life.
- Combine multiple procedures, if possible.

For Research
- Prospective research studies should be 
implemented.
- Adequate follow-up with pediatric 

patients throughout their growth and 
development.
- Determine if neurodevelopmental delays 
are permanent or if they can be corrected
with appropriate interventions.

While sometimes general anesthesia cannot 
be avoided; in non-emergent, elective 
procedures, delay until at least four years of 
age.
It is difficult to determine if future 
neurodevelopmental changes are anesthesia-
related or related to the co-morbidities 
associated with the condition’s requiring 
surgical correction.
The question remains as how anesthesia 
providers should properly inform parents and 
caregivers of these potential risks.

Clinical Question

Factors related to anesthesia caused 
neurodevelopmental-delays

Study Results

Young age (under four years old) 10 out of 11 studies
Total number of exposures to GA 6 out of 11 studies
Duration of time exposed to GA 5 out of 11 studies

In children under the age of four, is 
exposure to potent inhaled anesthetics 
more likely to result in a neurocognitive 
delay when compared to children with 

no prior exposure to potent inhaled 
general anesthetics?

Multiple or lengthy exposures to general anesthesia before the age of four years old can have the 
potential to cause neurodevelopmental impairment later in life.
Lack of randomized prospective studies on the topic limit causal conclusions.
The findings should be incorporated into anesthetic plans so that exposures can be minimized by 
combining surgeries and tests to reduce the number of exposures.

Quantitative data extraction of included systematic 
reviews

Systematic 
review

Age at 
Exposure

Outcome 
Variable(s) Findings

Clausen et 
al.

Mean 37 
months

Long-term 
neurocognitive 
outcomes

• Exposure to GA affects 
neurocognitive development

• Rating according to the NOS 
rewarded an average 6 out of 9 
stars

Wang et al. Mean 36 
months

Learning 
disabilities,
Cognition,
Behavioral 
development,
Academic 
performance

• High Risk for adverse behavioral 
outcome with 
anesthesia/surgery OR: 1.25 
(95% CI: 1.13-1.38), p<0.001

• Anesthetic exposures < 4yrs = 
significant risk factor

• Early exposure = higher risk of 
neurodevelopmental 
impairment

Zhang et 
al.

Mean 30.5 
months

Neuro-
development,
Learning 
disability,
Behavior 
disorders,
Cognitive 
problems

• High Risk for 
neurodevelopmental damage 
associated with a single GA 
before age 4yrs  OR: 1.17 (95% 
CI: 1.07-1.28), p=0.001

• Early single exposure = higher 
risk of neurodevelopmental 
impairment

• Avoid anesthetic exposures < 
3yrs

Qualitative data extraction of included systematic reviews
Systematic 

review
Age at 

Exposure
Outcome 

Variable(s)
Findings

Bjur et al. < 3 yrs Academic achievements,
Behavioral & 
developmental diagnosis

Single & brief exposure does not impair 
neurodevelopment
Exposure to > 1 anesthetic leads to learning and 
behavior disabilities

Char et al. 2 – 4 yrs Cognitive delay,
Behavioral disturbances,
Academic achievement 
scores

Anesthesia < 2yr = behavioral disturbances
Exposure to > 1 anesthetic = learning 
disabilities

Disma et al. < 4 yrs Potential role of 
physiological parameters

Anesthetic agents harm the developing brain

Earley et al. < 4 yrs Abnormal cognition, 
Behavioral/neuro-
developmental scores,
Cognitive delay,
Learning disability

Prospective data for the implications of 
anesthesia on the neurodevelopment of 
children is still inconclusive

Loepke et 
al.

Young 
Children

Neurocognitive function Critical to combine procedures requiring 
anesthesia to limit number of exposures

Olsen et al. < 3 yrs Neurobehavioral 
consequences

Anesthesia < 3yrs = language & abstract 
reasoning deficits
Longer exposures or > 1 exposure = learning 
disabilities

Rebouças 
et al.

< 3 yrs Learning and behavioral 
disabilities

GA demonstrates neurotoxicity in experimental 
animals at early stages of neural development

Sinner et 
al.

< 4 yrs Learning and behavior 
abnormalities

Exposure to > 2 anesthetics = learning 
disabilities
Anesthesia duration > 120 minutes = learning 
disabilities
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