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Neurotoxicity of anaesthetics on developing brain: a relevant question

or just a “bias”?
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Despite the number of studies performed in the era of the
neurotoxicity of anaesthetic agents on the developing brain, studies
are still exhibiting conflicting results especially when focusing on
those evaluating cognitive functions. Some of those studies have
shown cognitive functions to decline following general anaesthesia.

1. Recent conflicting results in the clinical field

Two Australian studies performed on the same birth cohort (the
Western Australian Pregnancy Cohort) have shown that:

o infants operated before the age of 3 years exhibit long-lasting
lower cognitive functions [1] and;

o thataduration of exposure to anaesthesia lower than 35 minutes
was not associated with any cognitive decline [2].

In contrast, other studies have not found such an association;
this is the case of the study performed by Glatz et al. on more than
33,000 children operated before the age of 4 years [3] or the PANDA
study [4] which compared twins to their brother or sister,
respectively. Finally, the Kindergarten Canadian cohort [5] found
no association between exposure to anaesthesia before the age of
2 years and alteration in cognitive functions, while such an
association was found when children were operated between
2 and 4 years. Recently, the controlled GAS study has come to
confirm the absence of effect of general anaesthesia on cognitive
functions after a short and single exposure to anaesthesia
[6]. Randomising patients younger than 60 weeks of post-
conceptional age undergoing hernia repair surgery to either
general or regional anaesthesia, Davidson et al. found no evidence
of cognitive decline in those patients submitted to general
anaesthesia. The definitive results of the study will be available
at 5 years of follow-up, but given that no tendency has been
observed at 2 years, the probability of any observed effect at
5 years seems very small. Another important particularity of the
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GAS trial is the short duration between the exposure to anaesthesia
and the cognitive evaluation (2 years), which differs with most
studies that assessed outcomes on average 10 years later.

The result of the study published by Khochfe et al. [7] in this
issue of Anaesthesia Intensive Care and Pain Medicine found
patients undergoing hernia repair before the age of 2 years under
general anaesthesia to exhibit a greater proportion of patients with
cognitive decline 10 years later in comparison with patients
operated under spinal anaesthesia. Although, the study was not
randomised, it was adequately powered according to the primary
outcome (cognitive functions according to the Eyberg Child
Behavior Inventory). In addition, durations of interventions were
longer in comparison to the GAS trial, which includes surgeries of
duration < 60 minutes. Those results are surprising but might be
explained by many factors.

2. Confounding factors: Influence of the social and familial
environment

Considering the current literature based on large cohorts (i.e.
excluding the GAS trial): all are not randomised and even if results
have been adjusted to many covariates, especially those related to
birth conditions and social environment such as parental educa-
tion level, there is no guarantee that results are not impacted by
unstudied internal or external factors. This is accredited by large
cohorts, especially the British birth cohort (the seventies one) that
found that, for instance, family environment and education at
5 years old can predict long term quality of life thirty years later
[8]! Moreover, many studies both in humans and animals have
shown life events to affect many brain structures [9,10]. As an
example, studying young men (between 18 and 21 years old)
submitted to early adversity during the first 6 years of life, Jensen
et al. [11] found those persons to exhibit structural modifications
in many brain regions including the anterior cingulate cortex and
the precuneus. One can also hypothesise that a major and stressful
event, such as a surgical intervention, might also impact the
neurological development in children, especially when repeated
and/or associated with psychological stress in family members.

3. Confounding factors: factors related to the surgical
procedure

Another important factor to consider for our practice is the
development in anaesthesia techniques over times. Recent
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advances in the management of children during anaesthesia with
the definition of hypotension have decreased the occurrence of
occult hypoperfusion events during anaesthesia and risks of
subclinical episodes of brain ischaemia [12,13]. This might be the
main difference between the GAS trial that controlled this
important factor and all other previous non-controlled studies
(including the present one). This hypothesis is supported by the
fact that spinal anaesthesia is haemodynamically well tolerated in
infant [14] and could be related to the time-dependant effect of
general anaesthesia on learning and cognitive function found in
some studies [2,15]. Indeed, one can easily hypothesise that
increasing the duration of anaesthesia will increase the duration of
exposure to anaesthetic agents but also the risk of developing
hypotension or other cerebral aggression.

4. Conclusion

The problem of the neurotoxicity of anaesthesia agents might
rather be a problem of practice of anaesthesia. Accordingly,
physicians should focus on respecting recommendations concern-
ing maintaining both intraoperative arterial pressure, adequate
ventilation, avoiding both hyper and hypocapnia and preventing
anxiety. Otherwise, family, social environment and life events
might be major determinants of brain development and long-term
cognitive functions. .. and anaesthesia and surgery just one event
among many others [16].
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