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Parental influence has a huge impact on the emotional and

cognitive development of children. Now, an increasing num-

ber of studies suggest that this influence may not be limited to

early childhood, but can even start well before the conception

of the progeny. For example, parental lifetime stress experi-

ence, even before pregnancy, can lead to altered offspring

stress reactivity along with an increased risk for neuropsy-

chiatric disease.1 Moreover, recent studies reveal that early life

exposure to a variety of chemicals can affect the health of

subsequent generations, and that dysregulation of the

hypothalamic-pituitary-adrenal stress axis is central to these

pathologies.2 These latter observations are particularly

alarming in the context of neonatal and paediatric perioper-

ative care, as general anaesthetics are powerful modulators of

neuronal activity and are known to induce a wide variety of

morpho-functional effects when administered during critical

periods of brain development.3,4 To further substantiate

possible transgenerational effects of early life anaesthesia

exposure, rodent experimental data reveal altered learning

capabilities after halothane and enflurane exposure in second

generation offspring.5

In this issue of the British Journal of Anaesthesia, Ju and col-

leagues6 present interesting newmechanistic insights on how

behavioural and cognitive deficits, associated with early life

anaesthesia exposure, can be transmitted to following gener-

ations. The authors exposed 5-day-old rat pups to sevoflurane

for 6 hr, and showed that this treatment paradigm induced

lasting behavioural deficits not only in these animals, but also

in their male progeny. These sex-specific differences in

transgenerational behavioural patterns were correlated with

reduced expression of the cation chloride cotransporter KCC2

in the hippocampus and hypothalamus of F1 males from

exposed parents. The molecular pathway behind sevoflurane-

induced transgenerational sex-specific decrease in KCC2

expression appears to involve epigenetic mechanisms,

namely increased deoxyribonucleic acid (DNA) methylation of

the KCC2 gene promoter in the sperm of F0 exposed sires.

These observations are of interest as they confirm previ-

ously suggested lines of thought and further enhance our

understanding of the potentially very long-term effects of

early anaesthesia exposures. The first important point is that

anaesthetics induce epigenetic modification of the genome, a

finding that has been known for some time. The initial focus

was on histone modifications, which showed that anaes-

thetics can modulate histone acetylation and as such may

have deleterious effects on transcription of genes crucial for

proper synapse formation and cognitive development.7 The

study by Ju and colleagues6 is an interesting confirmation of

early behavioural observations5 and recently published evi-

dence.7 Whether the epigenetic changes involve key tran-

scription factors [e.g. cAMP response element-binding (CREB)

protein, CREB-binding protein] leading to downregulation of

target genes (e.g. brain-derived neurotrophic factor, c-Fos) via

histone modification as previously shown, or modulation of

the KCC2 expression via modification of DNA methylation as

shown in this study, it is increasingly clear that general an-

aesthetics are powerful epigenetic modulators when admin-

istered during critical stages of synaptogenesis. Hence, we are

faced with a real possibility that general anaesthetics are not

innocuous agents that ‘only put children to sleep’ but rather

formidable modulators of chromatin remodelling and

function.

This work by Ju and colleagues6 confirms and extends

previously published reports from several investigators using

rodent models of sex-specific differences in behavioural

outcome after anaesthesia exposure.8,9 In nearly all cases,

outcomes after anaesthesia exposure follow a pattern seen

after neonatal stroke or trauma where males perform worse

than females. The mechanism for these sex differences has

not been unravelled, and the complex regulation of steroid

hormones and conversion of androgens to oestrogen in target

organs complicates such studies. However, it is known that

the developmental change from GABAergic excitation to in-

hibition that happens in a region-specific manner occurs

earlier in females than males,10 which could contribute to the

sex-specific outcomes reported. The current study extends

previous reports of sex differences by showing that anaes-

thetic exposure itself can alter expression of chloride channels

in certain brain regions and that this effect is heritable from

exposed male parents to unexposed offspring.

Last but not least, the data provided by Ju and colleagues6

raise the intriguing possibility that anaesthesia exposure

during early postnatal life can interfere with the functional

maturation of GABAergic systems from excitatory toward

inhibitory effects. A delay in this transition could have

important physiological consequences. Indeed, even small

changes in the relative balance of excitation and inhibition can

markedly alter information processing, and the role of GABA-

mediated control of neural plasticity during critical periods of

early postnatal life is well-established.11 The onset of critical

period plasticity can be delayed by preventing maturation of

the GABAergic system, while the opposite is true when

maturation of this system is accelerated pharmacologically

using diazepam. In this context, the observation that sevo-

flurane, a potent positive allosteric modulator of the GABAA

receptor similar to diazepam, prevents rather than accelerates

this maturation is intriguing. Pharmacodynamic differences

between these drugs could provide a plausible explanation. In

line with this possibility, propofol, another positive allosteric

modulator of the GABAA receptor, does not apparently modify

KCC2 expression when applied during early postnatal life.12

The translational relevance of this study is difficult to judge

as it has been difficult to show an effect in first generation of

exposed humans. Because of the numerous confounding var-

iables associated with long intergenerational times, alongwith

changes in clinical practice, it would be nearly impossible to

evaluate the human relevance with any degree of control.

However, this by no means undermines the importance of

these fundamental observations that provide further evidence

supporting general anaesthetics as powerful modulators of

developmental neuroplasticity. Indeed, it should be remem-

bered that clinical outcome is a composite measure. It is the

role of basic anaesthesia research to figure out the contributing

factors.
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In 2016, more people in the USA died from opioid overdose

than from traffic accidents (42 000 vs 37 461), making drug

overdose the leading cause of accidental death.1,2 In the Eu-

ropean Union, ~6000 deaths were attributed to opioid over-

dose; the highest number of deaths occurred in the UK.3 In

both the USA and Europe, the rates of opioid overdose have

increased in the past several years. The increase, however, has

been much more dramatic in the USA, leading to the decla-

ration of a public health emergency in October 2017.4

Why has the USA seen this dramatic increase in opioid

overdose deaths? And why are the number of deaths

dramatically higher there than in Europe? Among the 2016 US

deaths, 40% involved a prescription opioid (average 46 deaths

per day); the most common prescription drugs involved in

overdose deaths were hydrocodone, oxycodone, and metha-

done.1 Opioid consumption per capita is markedly higher in

the USA and Canada than in Europe.5 Physicians in the USA

seem more willing to prescribe opioid analgesia (there are

several likely reasons for this, including incentives that link

reimbursement to patient satisfactiondpatient satisfaction

has been linked to opioid prescriptions5). More directly

coupled to anaesthesia care, a contributing factor may relate

to differences in themanagement of acute pain in the USA and

Europe, including acute postoperative pain.5,6 An important

solution to this problem is a better understanding of the nat-

ural history of pain after operative procedures, and

DOI of original article: doi: 10.1016/j.bja.2018.04.033.
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