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Key points

• Preclinical studies suggest a wide range of anaes-
thetic agents can harm the developing brain.

• Epidemiological studies have suggested a slightly
increased risk of learning disabilities in children
who have anaesthesia and surgery in early life.

• Retrospective cohort studies of educational attain-
ment in those who had a single anaesthetic are
reassuring.

• Prospective studies are in process to try to answer
the key questions in relation to humans.

• Balanced advice to clinicians and families is avail-
able which is based upon the current state of the
evidence.

Background
Many very small preterm babies and those with complex con-
genital anomalies and multisystem disorders are now surviving
and need to undergo surgery.1 The very small, complex, or sick
infant often needs multiple procedures and outcomes are now
being scrutinized very closely. Anaesthetic agents do have the
potential to harm the developing infant brain and the animal re-
search that alerted us to this issue has been alarming. A number
of epidemiological studies in humans have also raised cause for
concern, but these have limitations and so prospective ap-
proaches have been developed and are in process now. Clinicians
and families are worried by the information reaching the media
and a balanced, cautious approach is needed to ensure risks and

benefits of anaesthesia in early life are explained. The benefits
and risks of regional anaesthesia and use of adjuncts to prolong
blocks are now clearer after recent research and awake regional
anaesthesia is feasible in certain cases. In this article, I will sum-
marize the concerns and the key recent literature and will pro-
vide balanced advice to clinicians to assist them in practice and
in their discussions with families.

Agents implicated
Awide range of anaesthetic agents has been implicated in caus-
ingneuronal apoptosis (programmed cell death) and includes the
volatile agents, nitrous oxide, ketamine, propofol, barbiturates,
and benzodiazepines. There are inter-species variations in dos-
age exposure required to produce significant apoptosis and a
dose–response effect is usually demonstrable. Anaesthetic
agents that do not cause apoptosis at clinically relevant concen-
trations include local anaesthetics, the α-2-agonists dexmedeto-
midine and clonidine, opioids, and xenon (see below).

Mechanisms of injury
Themechanisms of neuronal injury in the developing brain asso-
ciated with anaesthesia have been reviewed in detail recently.2

Suppression of neurotrophic synaptic signalling, pro-inflamma-
tory effects of anaesthesia, or induced seizure activity may con-
tribute to increased apoptosis and hypoxic–ischaemic injurymay
increase subsequent anaesthesia-induced apoptosis.2

Preclinical studies
Early studies in rodents revealed widespread increase in apop-
tosis and inhibition of neurogenesis caused by exposure to single
agents or combinations of agents andmanifest as persistent cog-
nitive and memory impairments.3 Prolonged exposures were
often used, physiology of the tiny developing rats was difficult
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to control, and it was difficult to extrapolate findings to humans
due to the more rapid brain growth in the rat. This prompted re-
search in primates where anaesthetic techniques, monitoring,
and exposures could more realistically emulate human anaes-
thesia. Increased apoptosis was again convincingly demon-
strated in these studies due to ketamine4 and isoflurane at
clinical concentrations was also shown to produce degeneration
of myelinating oligodendrocytes.5

Epidemiological studies
Several clinical cohort studies have suggested a link between ex-
posure to anaesthesia and surgery in early life and subsequent
development of learning disabilities or behavioural disturbances
such as autism spectrum disorders (ASD), and attention deficit
hyperactivity disorders (ADHD). Multiple exposures appeared to
result in an increased risk. A meta-analysis concluded that
there was a ‘modestly elevated risk due to exposure to anaesthe-
sia and surgery . . .’ and that the ‘ . . . evidence is considerably
uncertain’.6 In contrast to these worrying results, some reassur-
ance for clinicians and families has been that educational attain-
ments were not significantly affected by a single anaesthetic in
early life in studies of identical twins,7 those having a hernia re-
pair8 and those having a pyloromyotomy.9 Of course, these stud-
ies have limitations: there aremany confounding factors and the
retrospective nature of themethodsmeans that ‘old’ anaesthetic
techniques and standards of monitoring were being reviewed.

Prospective studies
A number of prospective approaches are now in process but will
take several years of detailed follow-up to produce conclusions.
This is because the infant brain is undergoing significant growth
in the first 5 yr of life.2 Several major research initiatives have
been set up in the USA (SmartTots www.SmartTots.org)10,11 and
in Europe (EuroSTAR www.esahq.org).

The GAS study

This is a prospective randomized controlled trial of neurodevelop-
mental outcome after an awake regional anaesthetic or a sevoflur-
ane general anaesthetic plus a regional block in neonates
undergoing hernia repair.12,13 The recruitment phase has been
completed with 722 babies studied and follow-up will continue
for 5 yr until 2018. Already, however, it is clear that general anaes-
thesia increases the riskof early apnoea and the need for active in-
terventions for hypotension.14 Late apnoea does not appear to be
influenced by anaesthesia technique but is rather associated with
a history of apnoea in the previous 24 h, history of oxygen support,
and the postmenstrual age at the time of surgery.14

Other studies

Two other large studies are using detailed assessments of neuro-
developmental outcome in matched cohorts of children under-
going hernia repair in a sibling study design (Pediatric
Anesthesia Neurodevelopmental Assessment) and after single
or more than one anaesthetic exposure (Mayo Anesthetic Safety
in Kids).2 These studies will report in 2–3 yr time.

Future research
Promising research into neuroprotective strategies include
modulating neurotrophin processing, and the intrinsic and

extrinsic apoptotic cascades, studies of α-2-agonists, and
evaluation of xenon as an anaesthetic and neuroprotective
agent.2

Xenon

Xenon has been shown to have protective properties to reduce
the neurotoxicity of isoflurane andnitrous oxide15,16 and recently
has doubled the rate of good neurological outcomes after birth
asphyxia when added to induced hypothermia.17 It can be deliv-
ered efficiently and cost-effectively via a closed-circuit system
and may well prove to be a useful agent in neonatal anaesthesia
in the near future.

Implications for clinicians
At present, there is not enough evidence to warrant a wholesale
change in clinical practice,18 but already some surgeons are con-
sidering whether some procedures in early life are indeed war-
ranted or could safely be delayed. There are risks and
unintended consequences in postponing some procedures, for
example, incarceration of a hernia, or impairment of testicular
blood supply due to an unrepaired hernia. Some anaesthetists
are avoiding the implicated agents where possible or are at
least trying to adapt their anaesthetic techniques to minimize
the exposure, for example, by the use of high-dose opioid techni-
ques for major surgery or use of remifentanil to give a ‘volatile-
sparing’ effect. Most anaesthetists do not use nitrous oxide or ke-
tamine in neonates nowadays, unless there is a specific indica-
tion (e.g. ketamine may have more benefit than risk in the
infant with significant cardiovascular compromise) and keta-
mine is no longer recommended as a caudal adjunct.19 There is
a resurgence of interest in awake regional anaesthesia and an
interest in developing safe techniques and services for specific
groups, for example, local anaesthesia for non-medical circumci-
sion up to age 4 months, or sedation techniques with dexmede-
tomidine, an α-2-agonist with neuroprotective properties. There
are clearly training implications of these developments for
anaesthetists and surgeons. It is apparent that for the preterm
neonate, the safe physiological limits during general anaesthesia
are not well defined and further research is needed.20 It would be
good practice to adopt a cautious approach to these issues and I
recommend postponing unnecessary procedures, minimizing
the physiological trespass to the baby, use techniques to minim-
ize exposure to the implicated agents, and to use awake regional
anaesthesia if feasible. There are concerns in the profession that
too much emphasis is being placed on neurotoxicity and that
basic principles are being forgotten when providing safe anaes-
thesia.21 However, the concerns have stimulated several lines
of promising research.

Awake regional anaesthesia in neonates

The safety of neuraxial analgesia in neonates and infants has
been reviewed in detail recently.19 Awake spinal anaesthesia
has been used for many years and awake caudal anaesthesia is
also feasible (Fig. 1).22,23 The techniques are compared in Table 1.
Some practitioners combine these to achieve both rapid onset
and prolonged duration of surgical anaesthesia. By keeping the
baby warm, minimizing light exposure and noise and adjunctive
use of oral sucrose, high success rates are achievable in experi-
enced hands.24 Haemodynamic stability is impressive as the
sympathetic nervous system is immature and so vasodilatation
is not prominent. Supplementation of regional anaesthesia
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with sedation using nitrous oxide, benzodiazepines, or low
concentrations of volatile anaesthetic agents may negate the re-
duction in early apnoea,14 but long-term effects of such supple-
mentation are still not clear.

A common clinical scenario
A healthy baby presents at age 6 months for a cultural non-med-
ical circumcision under general anaesthesia. The parents are
keen to have the circumcision performed but have read on the
Internet that general anaesthetics may affect development and
are very worried about this. Their baby is very chubby and lively
and has no intercurrent medical problems. What should the sur-
geon and anaesthetist advise?

The surgical team provide a safe and effective service for
awake circumcision under penile block for cultural circumcision
using the Plastibel™ technique using lidocaine for the block, feed
and wrap comforting and oral sucrose. From experience, they
have found that the upper age limit of acceptability for this tech-
nique is around age 4 months as babies above this age are too
lively and the process causes too much distress to the baby.
The anaesthesia team realize the current evidence about the po-
tential neurotoxicity of anaesthesia is worrying but does not jus-
tify a wholesale change in practice. However, they know that the

Fig 1 () Spinal anaesthesia and () caudal anaesthesia in a neonate.

Table 1 Comparison of awake spinal with awake caudal anaesthesia
in neonates

Spinal Caudal

Instant onset Slow onset
Short duration Long duration
Haemodynamic stability Haemodynamic stability
Dose 0.5–1 mg kg−1

levobupivacaine (5 mg ml−1

solution)

Dose 1–2 mg kg−1

levobupivacaine (2.5 mg ml−1

solution)
Failure rate 5–20% Failure rate 1–5%

Anaesthesia and the developing nervous system

120 BJA Education | Volume 15, Number 3, 2015

D
ow

nloaded from
 https://academ

ic.oup.com
/bjaed/article/15/3/118/279253 by guest on 16 M

ay 2023



risks of general anaesthesia are higher in infants less than age 1
yr and that a lively 6 month old is unlikely to tolerate an awake
spinal or caudal block without some supplemental sedation or
general anaesthesia. At present, they do not have available dex-
medetomidine as a sedative and do not feel comfortable experi-
menting with other potential agents. They have an open
discussion with the parents and advise that as the surgery is
not medically indicated that postponement until after age 1 yr
would be preferable when a general anaesthetic via a laryngeal
mask airway along with a penile block or caudal block is likely
to be safer and less distressing for the baby. Although there is
no evidence at present that this time point is better from a neuro-
toxicity perspective, there is evidence of an increased periopera-
tive complication rate for anaesthesia in those under age 1 yr. The
parents are happy with this explanation and the surgeon sup-
ports this advice. To improve consistency of advice and informa-
tion, the hospital develops a clinical practice guideline for non-
medical circumcision to advise parents and their family doctors
that a service for babies up to age 4 months is available using
awake local anaesthesia and for general anaesthesia for babies
older than age 1 year.

Information for families
Awareness and concerns about anaesthetic neurotoxicity have
been raised in families by publicity around some of the early co-
hort studies. This has prompted the profession to produce advice
for families, for example, from the APAGBI (see Appendix) http
://www.apagbi.org.uk/sites/default/files/Anaesthesia%20and%
20the%20developing%20brain%20of%20babies%20and%20young
%20children.pdf or from the SmartTots initiative of the FDA and
IARS http://www.smarttots.org/resources/consensus.html, http
://www.fda.gov/forconsumers/consumerupdates/ucm364078.
htm.

These documents give very balanced advice about the risks
and benefits of anaesthesia and surgery in early life and the
risks and benefits of postponing surgery. They also cover the eth-
ical imperative of providing adequate anaesthesia and analgesia
and encouraging future research to improve safety and quality of
care to these vulnerable small patients.25
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Appendix
Anaesthesia and the developing brain of babies and
young children (an APA position statement for the public)
(Reproduced in full with permission)

Ann Seymour, Lay representative APAGBI Council; Judith Short,
Council member and Information lead, APAGBI; Suellen Walker,
Member APAGBI Scientific Committee; Kathy Wilkinson, Presi-
dent APAGBI (on behalf of APAGBI) June 2011.
When achild is due to have an operation or test under general an-
aesthesia, families are likely to have many questions and con-
cerns. An anaesthetic is given to make the child unconscious,
so that they do not see, hear, or feel anythingwhile the test or op-
eration is being done. It is important that even the smallest ba-
bies and infants have an anaesthetic for a painful procedure, as
we know that if babies experience pain during treatment while
they are very young, it can affect how they recover later. However,
all anaesthetics are planned and given after looking carefully at
the balance of risks. The benefits of the surgery or test are
weighed against the risks of the drugs and procedures that will
be needed. Work is always being carried out to study the best
and safest ways to give anaesthetics to children. A recent article
in the New England Journal of Medicine (http://healthpolicyand
reform.nejm.org/?p=13897) discusses research to study the ef-
fects of anaesthesia on the developing brains of babies and
young children, and the need to provide more information on
this subject. This issue arose because laboratory research in
very young animals has shown that drugs used for general anaes-
thesia can have effects on the developing brain that may be
associated with learning and memory difficulties in later life.
In several cases, this occurred if the anaesthetic drugs were
given in high doses or for prolonged periods of time. Some of
the drugs that cause problems are not used routinely in all

anaesthetics in babies. At this stage, it is not clear how these ex-
periments in animals relate to the use of general anaesthetics in
humans. Anaesthetists are aware of these concerns and are in-
volved in a number of ongoing projects to assess the effect of
anaesthetics in early life. Research thathasmeasured school per-
formance and learning difficulties in large numbers of children
has been reassuring. For example, a recent project in Denmark
has shown that a single short anaesthetic as a baby does not af-
fect school achievement in later life. Another study compared
twins, one of whom had an anaesthetic in early life, and showed
no difference between them in educational performance later on.
A large study is currently taking place in many countries around
the world, including the UK, to compare the effects of different
anaesthetics in young babies and check for any adverse effects
in later life. Results from this study will not be known until 2017.
A project in the USA called SmartTots has additional information
for families on their website (http://www.smarttots.org/
familyResourceCenter.html). The advice of this group and that
of the Association of Paediatric Anaesthetists of Great Britain
and Ireland is that there is currently no direct evidence that
anaesthetics are unsafe for children. Children have general an-
aesthesia if it is needed to perform surgery or tests that are im-
portant for their overall health. Avoiding or delaying surgery
may represent a much greater risk for your child’s well‐being.
Anaesthetists closely monitor every child having an anaesthetic
to ensure that theyare receiving the level of anaesthesia and pain
relief that is appropriate for their general health and the type of
surgery they need. As more information becomes available, the
ways in which anaesthetics are given to babies and children
will continue to be adapted to provide the safest and best possible
treatment. If your baby or young child is to undergo surgery you will
be able to discuss any concerns you have with their anaesthetist, and
work out the best decisions for your child.
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