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Providing pain relief during labour is a fundamental human right
and can benefit both mother and foetus. Epidural analgesia re-
mains the ‘gold standard’, providing excellent pain relief, as well as
the facility to convert to anaesthesia should operative intervention
be required. While maternal well-being remains the primary focus,
epidural analgesia may also have implications for the foetus. Data
from meta-analyses finds that epidural compared with systemic
opioids in labour is associated with reduced neonatal respiratory
depression. Clinically relevant neonatal outcomes such as Apgar
score <7 at 5 min, neonatal resuscitation and need for admission to
a neonatal unit are reassuring, with the benefits of epidural anal-
gesia for both mother and neonate outweighing any potential
risks. Recent concerns regarding an association of epidural with
the development of autism spectrum disorder in childhood appear
to be unfounded, with several large observational studies refuting
this association. This review discusses the evidence relating to
maternal neuraxial analgesia in labour, implications for the foetus
in utero, and childhood outcomes both in the immediate peri-
partum period and longer term.
Crown Copyright © 2023 Published by Elsevier Ltd. This is an open
access article under the CC BY license (http://creativecommons.

org/licenses/by/4.0/).
Introduction

Labour is likely to be one of the most painful events a person will experience in their lifetime and
adequate pain relief is a fundamental human right [1]. Epidural analgesia for labour is safe and effective
and is recommended by the World Health Organization [2]. The rate of epidural use in labour varies
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globally andwas reported as between 10 and 83% in a survey of thirteen high-income countries, though
rates in low and middle-income countries are lower [3,4].

Epidural safety and efficacy have been highlighted as key quality indicators by a UK national Delphi
process [5,6]. The use of lower concentration LAs (LA) [7], the safe use of adjuvants in epidural infusions
[8], guidance on the use of lipid emulsion for LA toxicity [9], optimisation of epidural maintenance
techniques [10] and clear standards for post-epidural neurological monitoring [11] have all contributed
to improvements in labour and delivery outcomes. Rigorous research and ongoing quality improve-
ment are vital to ensure continued advances in epidural practice.

Whilst the mother remains the focus for anaesthetic interventions during labour and delivery, any
intervention may also have implications for the baby [12e14]. However, these are less frequently dis-
cussed during the consent process [15]. As maternal and neonatal well-being are inextricably linked,
ensuring that analgesia is safe for the neonate is also a clear priority for both parents and clinicians [16].
This reviewpresents the evidence relating to neuraxial analgesia andneonatal and childhood outcomes.

Labour pain and the foetus in utero

Although labour and birth are physiological processes, labour without pain relief is not without
potential adverse consequences. Poorly controlled pain can lead to the development of maternal
physiological stress resulting in cortisol and catecholamine release, hyperventilation, increased oxygen
consumption, respiratory alkalosis with left shift of the oxygen dissociation curve, and consequent
impaired foetal oxygen transfer. This results in compensatory maternal metabolic acidosis with uterine
vasoconstriction and subsequent foetal acidosis [17]. As well as cortisol and catecholamine release,
uncontrolled pain in labour activates the release of b lipotropin and b endorphin. The increased
sympathetic response can lead to incoordinate uterine action and reduced uteroplacental perfusion,
hyperglycaemia, lipolysis, ketosis and increased production of lactate [15]. These acids, together with
catecholamines, can cross the placenta, increasing foetal oxygen requirement and compounding
maternal and foetal metabolic acidosis [15].

Uncontrolled pain may have longer-term adverse consequences for both mother (and indirectly to
the neonate), such as in the development of post-traumatic stress disorder and post-natal depression
[18,19]. The provision of analgesia in labour may mitigate these effects and hence benefit both mother
and foetus. Whilst pain relief can ameliorate the maternal stress response, any analgesic technique
used can directly affect the foetus via placental transfer of drugs and indirect effects via changes to
maternal physiology.

Choice of analgesia in labour

The experience of pain in labour is complex and highly variable, incorporating physical, psycho-
social, emotional, and environmental factors [20]. Consequently, requirements for analgesia differ
substantially between patients, and in some cases, fear of labour is such that an elective caesarean
section is requested [21]. Options for pain relief can be broadly divided in to non-pharmacological,
pharmacological and neuraxial techniques, and ensuring adequate and timely information regarding
the options for pain relief in labour is important to ensure fully informed decision making [22]. This
information has traditionally been limited to maternal risks and benefits with little information on
foetal and neonatal factors, though these are likely to be important to most parents. A summary of
commonly used analgesic techniques and evidence from meta-analyses relating to associations with
neonatal outcomes is included in Table 1.

Neuraxial analgesia

Neuraxial analgesic techniques (lumbar epidural analgesia or combined spinal-epidural) are
commonly used, safe and effective, and have the advantage of avoiding systemic drug administration.
Lumbar epidural is performed by identifying the epidural space using a loss of resistance technique,
before threading a catheter, and incrementally administering LA, usually combined with an opioid. For
combined spinal-epidural analgesia (CSE), the intrathecal space is entered with a spinal needle after
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Table 1
Commonly used analgesic techniques and neonatal outcomes; findings from meta-analyses.

Analgesic technique Associations with neonatal outcomes

Nitrous oxide No difference in Apgar score or neonatal asphyxia when compared with controls [27]
No difference in neonatal outcomes when compared with neuraxial analgesia [28]

Systemic opioids No clear evidence of neonatal adverse effects but evidence of low quality and of very low certainty
[29]
Neonate more likely to require naloxone administration when compared with epidural analgesia
[28]

PCA remifentanil No differences in Apgar score <7 at 5 min with remifentanil PCA compared with neuraxial analgesia
[30]

Epidural No clear differences between epidural and systemic opioid groups for neonatal outcomes, admission
to neonatal unit, and Apgar score <7 at 5 min [28]
Neonate less likely to receive naloxone than with systemic opioids [28]
No difference in Apgar scores or neonatal unit admission when neuraxial opioids compared to LA
only neuraxial technique [31]

Combined
spinal epidural

No significant difference in umbilical pH, Apgar score, or neonatal unit admission compared with
low dose epidural [23]
Increased incidence of non-reassuring FHR compared with conventional lumbar epidural [32]
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identifying the epidural space. Intrathecal drugs are administered, and the epidural catheter subse-
quently threaded. Potential advantages of CSE in labour include a more rapid onset of pain relief, and
reduced need for rescue analgesia [23]. A CSE may also be advantageous when the foetus is in the
occiput-posterior position, or for conversion to anaesthesia in the high-risk parturient (e.g. cardiac
disease) where gradual and incremental onset of sympathetic block may be desirable. However, CSE is
more technically challenging than standard lumbar epidural and in the Royal College of Anaesthetists’
Third National Audit Project, was associated with a higher incidence of permanent neurological
complications (3.9/100 000 [95% CI 1e22] vs. 0.62/100 000 [95% CI 0e3.4] [24].

Before deciding on a method of pain relief, a thorough discussion to support informed consent,
should take place between themother and anaesthetist discussing risks, benefits, and alternatives [22].
Lower epidural use in ethnic minority and socioeconomically disadvantaged groups has been reported
and such inequities must be recognised and addressed [25]. Effective pain control in labour attenuates
the maternal stress response with both maternal and foetal benefits; however, the foetal stress
response is not attenuated. This is advantageous given that a foetal catecholamine surge is essential for
adaptation to life ex utero. In addition to relieving pain and its associated benefits, an effective labour
epidural can be ‘topped-up’ to provide anaesthesia for operative delivery thereby potentially negating
the need for general anaesthesia and its attendant risks to both mother and neonate [26]. This is
particularly prescient in parturients at higher risk of general anaesthesia, such as those with obesity, a
difficult airway, or preeclampsia.

Epidural analgesia in labour and implications for the foetus in utero

Labour epidural analgesia is usually established with a combination of LA and lipid-soluble opioids
which work synergistically to reduce the required dose of each, minimising adverse effects. Whilst any
direct foetal effects of epidurally administered agents are minimal with longer-acting LA drugs and
fentanyl, the foetus may be affected indirectly via changes to maternal physiology, such as maternal
hypotension and fever. Foetal heart rate (FHR) abnormalities may also be observed [32,34], however it
should be emphasised that such maternal physiological changes, whilst important to recognise and act
upon appropriately, do not necessarily translate into adverse neonatal outcomes. Furthermore, the
attenuation of the maternal stress and sympathetic response has beneficial effects on both maternal
and foetal acid-base status as previously described.

Intrapartum hyperthermia

Intrapartum hyperthermia is defined as ‘a core temperature during labour of � 38�C on one occasion
or� 37.5�C on two consecutive occasions 2 h apart’ [35]. This may occur with intrapartum infection, or in
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association with epidural analgesia. The incidence of intrapartum hyperthermia is around 20% in pa-
tients with epidural analgesia compared to 5% in those without (where hyperthermia is almost
exclusively secondary to infection) [28,36]. Epidural-related hyperthermia remains incompletely un-
derstood but is thought to be secondary to sympathetic blockade and/or immunomodulation [37]. In
the first proposed mechanism, blockade of sympathetic nerves prevents vasodilatation and sweating,
thus reducing heat loss. The immunomodulation theory suggests that hyperthermia is driven by
proinflammatory mediators creating a ‘sterile febrile response’ [38]. Whilst epidural-related hyper-
thermia does not increase the risk of infection, it is frequently misdiagnosed as such, resulting in
changes in obstetric management, and antibiotic treatment [38].

Infections, such as chorioamnionitis, are associated with neonatal brain injury but it is not clear if
this increased risk is specific to patients with infection, or if intrapartum hyperthermia of any cause
(including that related to epidural analgesia) is detrimental to the neonatal brain. Given the serious
consequences of untreated maternal infection for both mother and foetus, treatment with blood cul-
tures, paracetamol, antibiotics, and supportive measures is mandatory in the absence of a means of
differentiating between these aetiologies [35]. The neonate should also be evaluated for sepsis with
blood cultures and C-reactive protein measurement and treated empirically with intravenous antibi-
otics [39].

The issue of whether epidural-related hyperthermia causes neonatal brain injury remains unre-
solved. A meta-analysis of 41 studies reported a causal link between epidural analgesia and intra-
partum hyperthermia (OR: 4.21; 95% CI: 3.48e5.09), and an association between intrapartum
hyperthermia (of any cause) and neonatal brain injury (OR: 2.79; 95% CI: 2.54e2.3.06), but could not
quantify any independent association between epidural-related hyperthermia and neonatal brain
injury [37]. As there were only two eligible studies for the association of epidural-related hyperthermia
and neonatal brain injury, and the evidence was judged to be of very low quality according to GRADE
criteria, further work is required to investigate this potential association. An absence of adverse
neonatal outcomes in large population-based studies [13], in meta-analyses of studies comparing
epidural analgesia to non-epidural analgesia [28], and in comparisons of different concentrations of LA
in epidural regimes provide some reassurance [40,41).

Foetal assessment

The cardiotocograph is ubiquitous in labour ward, becomes mandatory with the onset of neuraxial
analgesia, and is used to guide obstetric decision making. The use of neuraxial analgesia has tradi-
tionally been associated with changes in FHR, a phenomenon proposed to be secondary to a reduction
in maternal stress hormones and consequent uterine hypertonus/foetal hypoxaemia, or due to aor-
tocaval compression and hypotension [42,43]. The likely reality is that any underlying process behind
FHR change is complex and multifactorial.

Data from meta-analyses have led to the following conclusions:

(i) Epidural is not associated with increased incidence of FHR abnormalities when compared with
parenteral opioids [44]. Although FHR abnormalities were not included in a more recent
Cochrane review, there was no difference in neonatal outcomes of Apgar score, neonatal acid-
base status, and neonatal unit admission between epidural and systemic opioid groups [28].

(ii) CSE when compared with epidural is associated with an increased risk of non-reassuring FHR
tracings [32], however a Cochrane review found no difference between the two techniques in the
need for caesarean section, Apgar scores, neonatal acid base status, or neonatal unit admission
[23].

(iii) In a multivariable analysis from a prospective study comparing epidural with CSE, oxytocin was
associated with an increased risk of non-reassuring FHR tracings, whilst hypotension, parity, and
efficacy of analgesia were not [42].

(iv) Thus, evenwhere an increased risk of FHR abnormalities was detected, this did not translate into
poorer neonatal outcomes.
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Associations of epidural with mode of delivery

Before further evaluating any association of labour epidural analgesia on the neonate following
delivery, rather than foetal (in utero) outcomes, it is important to consider the long-standing
contention that epidural analgesia increases the risk of operative delivery. This relationship is com-
plex and prone to confounding by indication in that mothers who request epidural analgesia are more
likely to have been induced, have had a more prolonged or painful labour, and have a higher baseline
risk of requiring assisted or operative delivery. Despite historical evidence and dogma to the contrary,
contemporary studies refute causal associations of epidural with prolonged labour and increased risk
of assisted vaginal or caesarean birth [28,40,41,45]. A Cochrane review of forty randomised trials
comparing epidural with non-epidural in labour found no differences in caesarean rates, nor in assisted
vaginal delivery rates when trials were restricted to those performed after 2005 [28]. This finding is
likely to relate to the use of lower concentrations of LA following publication of the COMET trial in 2001
[7]. This landmark study found increased rates of spontaneous vaginal delivery with low (�0.1% levo-
bupivacaine) compared with high dose LA and substantially influenced obstetric anaesthetic practice
[7]. Further meta-analyses of different concentrations of LA have found that low or ultra-low con-
centrations of LA are unlikely to increase rates of operative delivery compared with non-epidural
analgesia [41,45]. The use of CSE may reduce the need for instrumental delivery but does not alter
the caesarean section rate when compared to standard epidural [23].

Epidural analgesia in labour and neonatal outcomes

Given the potential influence of neuraxial analgesia on foetal parameters, it follows that neonatal
outcomes may also be affected. These outcomes are of clear clinical importance, are impactful to
parents who may be separated from their baby during a resuscitation event or admission to the
neonatal unit, and who are concerned about the future development of their child.

Neonatal acid-base status

The acid-base balance status of the umbilical artery blood reflects the recent intrauterine envi-
ronment and is considered a valid and robust marker of foetal and neonatal well-being. Arterial pH is
indicative of both respiratory and metabolic status. Given the influence of maternal hyperventilation
during labour on pH, the base excess is a more accurate measure of metabolic acidosis and hence
hypoxia. Following birth, the neonate's acid-base status is dependent on its own respiration and may
be depressed following maternal systemic opioid analgesia [46].

In a meta-analysis of over 2000mothers, epidural analgesia was associated with improved neonatal
acidebase status. The authors concluded that any adverse maternal physiological changes such as
hypotension or fever, were likely to be outweighed by the beneficial effects on acid-base status [46].
More recent meta-analyses have found no difference in neonatal acid-base status when epidural is
compared to non-epidural analgesia [28], when low dose and high dose epidurals are compared
[41,45], when epidural is compared to CSE [23], and when neuraxial opioids are compared with con-
trols [31].

Immediate neonatal outcomes

Immediate neonatal well-being following delivery is commonly measured using clinical endpoints
such as the need for resuscitation at birth, Apgar score, and admission to a neonatal intensive care unit.
The relationship between analgesia in labour and neonatal outcomes has been the subject of many,
mainly observational studies. These have reported varying findings with some reporting an association
between epidural and adverse neonatal outcomes [47,48] and others finding no such association
[49,50]. A Scotland-wide population-based study of over 435 281 mothereinfant pairs presenting in
labour found that epidural was associated with reduced risk of requiring neonatal resuscitation, Apgar
score <7 at 5-min, and admission to neonatal unit when accounting for mediation by mode of delivery
[13]. Findings frommeta-analyses support these results, finding no difference in neonatal outcomes of
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Apgar score <7 at 5-mins or neonatal unit admission in patients receiving epidural compared with
non-epidural analgesia, though the use of systemic opioids was associated with an increased risk of the
neonate requiring naloxone compared with epidural [28]. Similarly, when patients receiving neuraxial
opioids were compared with those who did not, and when epidural was compared with CSE, no dif-
ference in Apgar score <7 at 5-mins was seen [23,31].

Although these data are generally reassuring, there is contradictory evidence about the influence of
epidural on the 1-min Apgar score. In a meta-analysis of high-versus low-concentration LA, 1-min
Apgar scores were more favourable in the high concentration group [40]. This was postulated to be
due to the addition of epidural fentanyl to lower concentrations of LA. These findings were partially
replicated in a meta-analysis comparing high, low and ultra-low concentrations of LA, finding a higher
risk of Apgar score <7 at 1-min in the low compared with the high concentration group, though no
difference between ultra-low (where epidural opioid was equally likely to have been given) and high
concentration groups [41]. In a meta-analysis specifically examining the influence of neuraxial opioids,
no significant differences in 1- or 5-min Apgar scores were found in patients receiving neuraxial
opioids compared to those who did not [31]. Unlike the 5-min Apgar score, a 1-min Apgar score <7 is
not associated with poorer long-term developmental outcomes and is considered of less clinical
relevance [51].

Non-opioid epidural adjuvants and neonatal outcomes

Evidence relating to epidural adjuvants other than opioids is limited. Clonidine and dexmedeto-
midine are alpha-2 receptor agonists which have a LA sparing effect while increasing the duration of
analgesia, making them attractive for use in labour. A randomised trial of 98 term parturients
comparing epidurally administered fentanyl with clonidine to treat breakthrough labour pain found
similar analgesic efficacy, without an increase in maternal or neonatal adverse effects, with clonidine
[52]. A meta-analysis of nine randomised trials found no detrimental effect on Apgar scores, umbilical
artery pH/partial pressure of oxygen, or foetal heart rate when epidural dexmedetomidine was
compared with epidural opioids or plain LA epidural infusion [53].

Neostigmine stimulates the production of nitric oxide in the spinal cord resulting in analgesia and
may counteract some of the hypotensive effects of alpha-2 receptor agonists. The combination of
epidural clonidine and neostigmine to epidural LA infusions was investigated in a meta-analysis of four
caseecontrol studies finding prolonged duration of analgesia and less anaesthetic and opioid
administration without any negative impact on Apgar scores [54]. The authors acknowledged that
additional evidence from larger studies is required to further assess both outcomes and safety of this
combination of adjuvant drugs.

Epidural compared with PCA remifentanil

Remifentanil has become increasingly popular over the last two decades. Its short onset and time to
peak effect, rapid metabolism by plasma and tissue esterases, and short context-sensitive half-life
make it suitable for use over a long period without fear of accumulation. Remifentanil rapidly crosses
the placenta but is rapidly metabolised and redistributed by the foetus making it an appealing option
for analgesia in labour [55]. Despite its favourable characteristics and superiority to other systemic
opioids in labour [56], remifentanil does not provide superior analgesia to epidural and associations
with maternal respiratory depression are well described [57,58]. Two meta-analyses comparing
remifentanil to epidural in labour found no differences in Apgar score <7 at 5-min [57], nor umbilical
artery pH, though confidence intervals were wide and further evidence is required to confirm this
conclusion [58]. Use of remifentanil mandates adequate staff training, and close maternal and neonatal
respiratory monitoring.

Epidural and breastfeeding

The World Health Organisation and the United Nations Children's Fund recommend exclusive
breastfeeding during the first 6-months of life [59]. Despite these recommendations, only 35% of
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infants worldwide are exclusively breastfed [59], with lack of breastfeeding a significant risk factor for
childhood morbidity and mortality and an important public health concern [60,61]. Whether epidural
analgesia has any impact on breastfeeding remains uncertain and evidence is conflicting. A systematic
review of 23 observational and randomised studies showed a mixture of positive, negative, and no
association though studies were limited by small size, heterogeneity and inability to control for con-
founding factors [62]. Concerns regarding epidural opioids appear unfounded with a randomised
controlled trial finding that epidural infusions containing up to 2 mg/ml fentanyl did not reduce rates of
successful breastfeeding 6-weeks after delivery [63]. It is likely that other factors such as social support,
cultural values, and early maternal-infant bonding experience influence breastfeeding success to a
greater extent.

Epidural and post-partum depression

Uncontrolled pain is a risk factor for the development of post-partum depression andwell-managed
pain in labour may protect against the development of adverse psychological sequelae for the mother
[64]. The development of post-natal depression may have adverse consequences for the offspring;
hence labour epidural analgesia may provide an indirect protective effect. Two meta-analyses of
prospective, observational studies found no difference in the incidence of post-natal depression be-
tween parturients who had received an epidural compared with those who had not [65,66]. Concerns
surrounding high study heterogeneity, low study quality, and residual confounding are likely to mean
that this association will undergo further study before definitive conclusions are drawn.

Association of epidural with childhood outcomes

The early years of life are essential for the health, development andwell-being of a child throughout
their life-course. It is therefore important to consider any influence of the choice of analgesia in labour
not only with immediate neonatal outcomes but with longer-term childhood development. Unfortu-
nately, this is an area where evidence is relatively scarce, though it has received greater attention in
recent years.

In a cohort study of 4684 children born vaginally between 1976 and 1982, the use of an epidural in
labour was not associated with an increased risk of learning difficulties by age 19-years when
compared with controls [67]. Whilst reassuring, the findings of this study are limited by its age and the
substantial changes in anaesthetic, obstetric and neonatal practice since this time. More recently a
population-based study of Scottish births comparing epidural with non-epidural analgesia in labour
found that epidural analgesia was associated with a reduced risk of having developmental concerns in
any domain at 2-years of age, with specifically fewer concerns regarding communication and fine
motor skills [13]. Furthermore, a prospective Chinese study of 508 mothereinfant pairs found no as-
sociation between epidural analgesia in labour and impaired neurodevelopment [68].

Epidural analgesia and autism

Further to an interest in longer-term childhood neurodevelopmental outcomes, there has been
much interest in the possible association of labour epidural analgesia with autism spectrum disorder
(ASD) both in the medical literature and mainstream media [69]. The widespread publicity such hy-
potheses attract has the potential to influence maternal decision-making, and may have unintended
and potentially detrimental consequences. Robust study of this issue is of evident importance.

ASD is a heterogeneous collection of neurodevelopmental conditions characterised by behavioural
differences such as repetitive behaviours, impaired communication, and social interactions. Delays in
speech development, learning difficulties, impaired executive function and organisational skills often
co-occur. ASD typically manifests in early childhood, with most patients continuing to have symptoms
into adulthood, and is likely to have both genetic and non-genetic aetiological components, though this
remains incompletely understood [70]. Possible aetiological environmental factors of parental age,
maternal nutritional status, toxins or heavy metal exposure, certain drugs (e.g. anti-epileptics and
antidepressants), infection during pregnancy, and adverse perinatal factors (e.g. preeclampsia, birth
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asphyxia, malpresentation) have been proposed [71]. Pathophysiological mechanisms include abnor-
malities in brain architecture, brain connectivity, synaptic function, and the brain-gut microbiome
[72e74].

Given the potential influence of perinatal factors on the development of ASD in children, placental
transfer of LA as a possible mechanism for foetal neurotoxicity has been proposed. Due to their low
molecular weight, epidurally administered LA can cross the placenta thereby exposing the foetus to a
potential risk of neurotoxic effects such as altered synaptogenesis and apoptosis [75,76]. In a study of
female, pregnant rhesus monkeys, epidural with 0.6 mg/kg bupivacaine (n ¼ 11) was compared with
epidural saline (n ¼ 8), finding no differences in neonatal neurobehavior, early cognitive abilities, or
performance of cognitive tasks by older infants, though some between group differences in behav-
ioural assessments were reported [77]. Doses of bupivacaine were significantly higher than those used
in obstetric anaesthetic practice, and as this study included only 19 monkeys and included multiple
tests and comparisons, it is at high risk of a type 1 error. To our knowledge, these findings have not been
repeated. In a study of epidural bupivacaine administered to pregnant guinea pigs, LA concentrations in
the hearts and brains of the foetal guinea pigs were lower than the minimal amounts seen in their
blood samples, suggesting low levels of LA exposure in these tissues [78]. Studies of epidurally
administered LA in humans report minimal systemic absorption, low concentrations in the neonatal
bloodstream [79,80], and evidence of foetal LA metabolism [81]. Contemporary doses of epidural
bupivacaine and fentanyl appear to have a negligible effect on neonatal condition in human studies
[33]. Despite this, concerns regarding foetal neurotoxicity secondary to placental transfer of LA persist
and have been investigated in large observational studies.

In an observational, retrospective cohort study of 147 895 live births in California, Qui et al. reported
a 37% relative increase in the risk of ASD in offspring of mothers who had received epidural analgesia in
labour [82]. These findings were widely reported, stimulating debate in social media, the lay press, and
in academic literature. The study was heavily criticised in statements from professional societies
regarding the likelihood of residual confounding (including the duration of labour, presence of foetal
distress, and foetal malposition), the exclusion of patients delivered by caesarean section, and the lack
of causal analysis [83]. Furthermore, important characteristics of women who did and did not receive
epidural analgesiawere different, increasing the likelihood of residual confounding. Interestingly, there
was no identified association between intrapartum fever and ASD [82]. Since the publication of this
paper, four large, population-based studies from Denmark and Canada have found insufficient evi-
dence to support an association between epidural and ASD in childhood [84e87]. Three of these papers
used sibling matching to control for shared genetic and environmental factors to minimise residual
confounding [85e87]. These findings add further evidence to support the role of genetic factors in the
development of ASD. Characteristics and findings of these studies are presented in Table 2.

The widespread publicity surrounding the Qiu article and the inference of a causal relationship
between labour epidural and ASD is a cause for concern. Such information may increase maternal
anxiety and guilt over receiving pain relief in the form of labour epidural, potentially resulting in
unintended consequences such as increasing the rate of emergency GA for caesarean section. Clinicians
should discuss the risks and benefits of epidural analgesia with patients, highlighting that the current
evidence base does not support a causal association between an epidural in labour and ASD. As ran-
domisation to an epidural in labour is ethically questionable, the performance of a randomised trial in
this area is unlikely to be feasible and observational studies are likely to prevail. There is a growing,
reassuring evidence base with which to support the assertion that there is no association between
epidural analgesia and adverse neurodevelopmental outcomes, including ASD [69]. However, future
studies must strive to limit the influence of bias by identifying and accounting for known (and
attempting to account for unknown) confounding factors as far as possible.

Summary

The provision of safe and effective epidural analgesia in labour underpins obstetric anaesthetic
practice. Ensuring equity of access is a priority. Epidural analgesia provides optimal analgesia, allows
for rapid conversion to anaesthesia, avoiding the risks associated with general anaesthesia, and is
associated with favourable maternal, foetal and neonatal outcomes. Growing numbers of studies
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Table 2
Summary of studies investigating associations between neuraxial analgesia in labour and autism spectrum disorder.

Qiu et al. [82] Wall-Wieler et al. [85] Mikkelson et al. [84] Hanley et al. [86] Ren et al. [87]

Publication date October 2020 April 2021 September 2021 September 2021 December 2021
Study design Retrospective

population-based birth
cohort

Retrospective
population-based birth
cohort

Retrospective
population-based birth
cohort

Retrospective
population-based birth
cohor

Retrospective
population-based
birth cohort

Study period Births from 2008 to
2015
Follow up; from age 1
year until clinical
diagnosis of ASD, last
date of health plan
enrolment, death, or
study end date
(December 31, 2018)

Births from 2005 to
2016
Follow-up; from birth
until 2019 or censored
by death or emigration

Births from 2006 to
2013
Follow-up; from first
birthday until an event
of ASD, death,
emigration, diagnosis of
a disorder inherently
linked to autism, or last
day of follow-up
(December 31, 2017)

Births from 2000 to
2014
Follow-up; clinical
diagnosis of ASD, death,
move outwith British
Columbia and lost to
follow-up, or last day of
follow-up (December
31, 2016)

Births from 2005 to
2016
Follow-up; date of
first diagnosis of
neurodevelopmental
disorder, death,
emigration, or last
day of follow-up
(December 31, 2018)

Study population 147 895 singleton
vaginal deliveries
between 28 and 42
weeks gestation
(Kaiser, Southern
California)

123 175 singleton
vaginal deliveries
(Manitoba, Canada)

479 178 livebirths
(Denmark)

388 254 term, singleton
vaginal deliveries
(British Columbia,
Canada)

624 952 liveborn
singletons born
vaginally or via
intrapartum
caesarean section

Exposure Use of labour epidural
analgesia (n ¼ 109 719
[74.2%])
Duration of labour
epidural use

Use of labour epidural
analgesia (n ¼ 47 011
[38.2%])

Use of labour epidural
analgesia (n ¼ 92 900
[19.4%])

Use of labour epidural
analgesia (n ¼ 111 480
[28.7%])

Use of labour epidural
analgesia
(n ¼ 116 296 [18.6%])

Control No epidural No epidural No epidural No epidural No epidural
Outcome (OR HR)
for ASD

With 95% confidence
interval

Adjusted HR 1.37 (1.23
e1.53)
Increased risk with
increasing duration

Adjusted HR 1.08 (0.97
e1.20)
Sibling matched
analysis
Adjusted HR ¼ 0.97
(0.78e1.22)

Adjusted HR 1.05 (0.98
e1.11)

Adjusted HR 1.09 (1.00
e1.15)
Sibling matched
analysis
Adjusted HR 1.10 (0.99
e1.15)

Adjusted HR 1.11
(1.04e1.18)
Sibling matched
analysis Adjusted HR
1.03 (0.84e1.27)

(continued on next page)
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Table 2 (continued )

Qiu et al. [82] Wall-Wieler et al. [85] Mikkelson et al. [84] Hanley et al. [86] Ren et al. [87]

Comments � Baseline differences
between exposed
patients and controls

� Lack of data on preg-
nancy and delivery
complications

� Exclusion of patients
undergoing
caesarean section

� Likelihood of residual
confounding

� Large number of
covariates including
pregnancy and de-
livery complications
to reduce risk of re-
sidual confounding

� Relatively low
epidural rate (38.2%)

� Several sensitivity
analyses with similar
findings to main
result

� Large study size
� No difference in ASD

diagnosis in within-
mother analysis
(mothers exposed to
epidural in one
pregnancy but not in
another)

� Large number of
covariates including
pregnancy and de-
livery complications
to reduce risk of re-
sidual confounding

� Multiple sensitivity
analyses with similar
findings to main
result

� Large study size
� Baseline differences

between exposed
patients and controls

� Just meets threshold
of statistical signifi-
cance in non-sibling
matched analysis but
likelihood of residual
confounding

� No difference seen
between groups in
sibling analysis

� Associations be-
tween labour
epidural and ASD
or developmental
disorders, evident
in the full cohort,
disappeared in
sibling-matched
analyses

� No relationship
between duration
of epidural anal-
gesia and outcome

� No association be-
tween epidural and
other neuro-
developmental dis-
orders (e.g.
epilepsy, ADHD)
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evaluating the influence of epidural during labour with longer-term childhood outcomes have pro-
vided reassurance that epidural is neither detrimental to childhood development outcomes, nor
associated with autism spectrum disorder. Greater understanding of the mechanisms underpinning
epidural-related hyperthermia, how this can be differentiated from sepsis, and its clinical implications
is a research priority.
Practice points

� Uncontrolled labour pain may be associated with maternal and foetal metabolic acidosis
� Epidural provides highly effective analgesia in labour
� The use of epidural for analgesia in labour is increasing
� Epidural is not associated with increased incidence of Fetal Heart Rate abnormalities when
compared with parenteral opioids

� Epidural is not associated with adverse neonatal outcomes of resuscitation at birth, Apgar
score <7 at 5 min, and neonatal unit admission

� Epidural is not associated with adverse childhood developmental outcomes, nor with the
development of Autism Spectrum Disorder

� Epidural is associated with maternal hyperthermia but not with adverse neonatal outcomes
� No independent, causal relationship between epidural-related hyperthermia and neonatal
brain injury has been established

Research agenda

� What factors are associated with receiving epidural analgesia in labour?
� What is the optimal epidural maintenance technique for both maternal and neonatal
outcomes?

� Is there an association between epidural analgesia in labour and postnatal depression?
� Is there an association between epidural-related hyperthermia and neonatal brain injury?
� How can we differentiate hyperthermia secondary to infection from epidural-related
hyperthermia?
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