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“Half the world are women, 
the other half are their children.”





Not all questions can be 
answered with an RCT



To improve maternal and childhood outcomes 
using population level data 



A unique cohort linking mums, babies 
and all healthcare interactions
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ANAESTHESIA & THE 
NEONATE

NEURODEVELOPMENT EPIDURAL RELATED 
FEVER

ANAESTHESIA & THE 
FETUS



Is mode of anaesthesia for 
caesarean associated with 

adverse neonatal & 
childhood outcomes?



All Scottish singleton livebirths 2007-2016

Kearns et al. Regional Anesthesia & Pain Medicine 2021;46 : 482-489



Outcomes

Kearns et al. Regional Anesthesia & Pain Medicine 2021;46 : 482-489



Statistics

• Missing data – imputation

• Cluster robust Poisson regression modelling

• Adjustment for confounders using DAGs

• Separate analyses for elective & emergency cases

• R Foundation for Statistical Computing

Kearns et al. Regional Anesthesia & Pain Medicine 2021;46 : 482-489



140,866 CS (25%) between 1/1/07 - 31/12/16
 

552,897 linked live deliveries in Scotland 
from 1st January 2007 – 31st December 2016

510,803 singletons liveborn between 24+0 and 
43+6 weeks gestation

Exclude gestation < 24+0 or > 43+6 weeks = 1,388
Exclude multiples = 16,381
Exclude no mode of delivery = 2,408
Exclude duplicates = 5
Exclude congenital anomalies = 21,910
Exclude no outcomes for mortality = 2

No. of vaginal deliveries = 369,937 No. of caesareans deliveries = 140,866 

Neonatal outcomes – Emergency = 82,895
Spinal = 42,525 (51.3%)
Epidural = 32,212 (38.9%) 
GA = 8,158 (9.8%) 

Neonatal outcomes – Elective = 57,971  
Spinal = 49,018 (84.6%) 
Epidural = 7,076 (12.2%)
GA = 1,877 (3.2%)

Healthcare utilization and education outcomes 
Emergency = 42,293

Spinal = 23,072  (54.6%)
Epidural = 15,004 (35.5%) 
GA = 4,217 (10.0%)

Healthcare utilization and education outcomes
Elective = 28,888

Spinal = 25,801 (89.3%) 
Epidural = 2,313 (8.0%) 
GA = 774 (2.7%) 

Kearns et al. Regional Anesthesia & Pain Medicine 2021;46 : 482-489

40% elective, 60% emergency
GA more common in emergency (9.8 v 3.2%) 
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A Neonatal resuscitation B Apgar score < 7 at 5 minutes

C Admission to neonatal unit D Childhood developmental assessment
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GA v spinal (elective)
RR 8.20 (7.20-9.33)

GA v spinal (emergency)
RR 2.40 (2.30-2.50)

GA v spinal (elective)
RR 11.44 (8.88-14.75)

GA v spinal (emergency)
RR 3.87 (3.56-4.20)

GA v spinal (elective)
RR 1.65 (1.40-1.94)

GA v spinal (emergency)
RR 1.25 (1.15-1.25)

GA v spinal (elective)
RR 1.15 (0.99-1.34)

GA v spinal (emergency)
RR 1.08 (1.01-1.16)

Association between GA and neonatal outcomes

Kearns et al. RAPM.2021;46 : 482-489

Greatest difference in elective cases

Kearns et al 2021

UK population-based study
140,866 CB
2007-2016

Elective
(n=57,971)

Neonatal resus, Apgar <7 @ 5m, NICU 
admission, development @ 2y

 Emergency
(n=82,895)



  Neonatal resuscitation
• category-1 (adjRR 2.36, 95% CI 1.31, 4.26)
• category-2 (adjRR 3.26, 95% CI 1.26, 8.48)
• category-3 (adjRR 7.75, 95% CI 2.21, 27.18)

Sub-group analysis of 14,808 emergency cases

  Neonatal admission
• category-1 (adjRR 1.39, 95% CI 0.79, 2.43)
• category-2 (adjRR 1.60, 95% CI 0.63, 4.09)
• category-3 (adjRR 2.43, 95% CI 0.77, 7.70) 

Anaesthesia type made least difference 
in most urgent deliveries



GA (irrespective of urgency) associated with adverse 
neonatal outcomes

Associations strongest in elective cases and at term

Associations with longer-term outcomes weak 

Findings

Kearns et al. Regional Anesthesia & Pain Medicine 2021;46 : 482-489



Avoid GA in cases with no clear clinical indication

Necessary GA should not be avoided

Where GA is used, a neonatologist must be present 
at delivery

What does this mean?

Kearns et al. Regional Anesthesia & Pain Medicine 2021;46 : 482-489



Is anaesthesia in pregnancy safe for the fetus?



Pre-natal anaesthesia exposure NOT assoc with 
adverse neurodevelopment

Bleeser et al. Anaesthesia 2023; 78:143–6

64% response rate

NO difference:
Ø Neurodevelopment
Ø Mental Health outcomes
Ø Learning disorders

Do not deny a pregnant woman necessary 
surgery regardless of trimester

Exploratory analysis - ↑risk with 
Ø Intra-abdominal
Ø Laparoscopic 
Ø Surgery > 1 hr



Kearns et al. Anaesthesia 2023; 78: 159–69.

Minimise known risks



Does having an epidural in labour
harm the baby…?



Association between epidural & autism / 
adverse neurodevelopment????





435,281 livebirths, 94,323 epidurals (22%)

Kearns et al. JAMA Network Open 2021; 4(10): e2131683

Epidural analgesia in labour not associated 
with adverse neonatal outcomes 



Epidural associated with small ↓ in adverse 
development outcomes at 2-years

Kearns et al. JAMA Network Open 2021; 4(10): e2131683





Li et al 2026

Systematic review & 
meta-analysis

19 studies

Epidural No epidural

ASD, ADHD, intellectual 
impairment

Li Y et al. Br J Anaes. 2026. In press

ASD – 14 studies (N=7.9M): aHR 1.10; 1.08–1.13; 
non-significant when sibling matched studies used

ADHD – 2 studies (N=5.1M): aHR 1.09; 0.89–1.33

Communication – 4 studies (N=2.6K): aHR 1.01; 0.81-1.26

Motor – 4 studies (N=2.6K): aHR 1.03; 95% CI 0.86-1.23

Intellectual –5 studies(N=6.7K; aHR 1.09; 95% CI 0.93-1.28
 

Behaviour – 1 study (N=2K); HR 1.11; 95% CI 0.75-1.64
 

NO association with adverse 
neurodevelopment in offspring



Asif et al 2026

Longitudinal population study
2010-2019

1962 mother-infant pairs

Epidural
(37%) No epidural

Swedish CBCL score
@ 18 mths, 6 yrs, 11 yrs

Epidural not associated with adverse 
behavioural outcomes 

Asif et al. Anaesthesia. 2026. Online ahead of print.

EXPLORATORY 
Low levels of TNFSF14 and CXCL6 

cytokines assoc with higher scores

Does maternal immune response to 
epidural matter??



What about epidural-related maternal fever?



Fever in labour

• Temp ≥39oC on one occasion

• Temp 38-38.9oC on two 
occasions two hours apart

• Temp ≥38oC on one occasion

• Temp ≥37.5oC on two occasions 
two hours apart

RCOG Green Top Guideline. Bacterial sepsis in pregnancy. 2012

Higgins et al. Obstet Gynecol. 2016; 127:426-436

INFECTION
NON-INFECTIOUS

Excess ambient heat, drug 
reaction, VTE, hyperthyroid

EPIDURAL



• Hypoxia
• Acidosis
• Cytokine changes
• FHR abnormalities
• Obstetric interventions

• Low Apgar
• NICU admission
• Seizures
• HIE
• Cerebral palsy

Sepsis – leading cause of maternal 
and fetal morbidity and mortality



No accurate test to contemporaneously 
diagnose aetiology of fever

Culling et al. Int J Obstet Anesth. 2025;63:104683

Temp most predictive for infection (37.5oC) 

Temp AUC 0.82
Optimal cut-off 37.5oC



Median maternal temp 36.6°C (35.4–37.4°C) at 40 weeks
Only 3% had temp > 37.5°C in labour

Green et al. 2020. Obstet Gynecol.135;653-664

Threshold for investigation ≥ 37.5°C 

No accurate test to contemporaneously 
diagnose aetiology of fever

Investigate / treat fever as for sepsis…



Where do epidurals fit in??



Epidural related hyperthermia

Epidural – ↑0.15OC / hr

Fusi et al. Lancet. 1989; 1:1250-1252



Primiparity

InductionMalpositioned 
fetus Multiple 

births

Long 
labour

Prolonged 
rupture of 

membranes

Multiple VEs

FEVEREPIDURAL



• 41 studies, 13 RCTs
• N = 646,296
• All: OR 5.26 (95% CI 4.98-5.56)
• RCTs: OR 4.21 (95% CI 3.49-5.09)

• 38 studies, 12 RCTs 
• N = 579,157
• All: RR 5.60 (95% CI 4.50-6.97)
• RCTs: RR 3.54 (95% CI 2.61-4.81)

Epidural assoc with fever in labour



Onset ~ 6 hours
(only in labour)

↑0.15oC per hour Resolves within 
hrs of birth

Incidence ~ 15-25% of labouring 
women with epidural analgesia

Patel S et al. Am J Obstet Gynecol. 2023;228(5S):S1283-S1304.e1



• Ix / Rx of infection

• Unnecessary antibiotics

• Allergy / drug reaction risk

• Healthcare costs

• Anxiety





Kearns R, Broom M, Lucas N. Curr Opin Anesthesiol 2024: 37 

What is the mechanism?

ra

Likely multifactorial 



No link between IL-1ra genotype and ERMF

Ackland et al. Br J Anaesth. 2025; 135:134-140

Other inflammatory mediators likely…

cascade of pro’- and anti-inflammatory cytokines, notably
interleukin-1, interleukin-1 receptor antagonist, and
interleukin-6 (Fig. 4). It is recognised that epidural hyper-
thermia occurs in conjunction with a proinflammatory state,

but it is unclear if this proinflammatory state is induced by
epidural analgesia or if it is a confounder: the proin-
flammatory state is pre-existent, before epidural placement,
in parturients who later become hyperthermic.

The origin of the link between epidural hyperthermia and
inflammation is the finding that titres of the pyrogenic cyto-
kine, interleukin-6, are greater in parturients with epidural
hyperthermia, compared to those with epidural analgesia and
a normal body temperature.16 Subsequently, a randomised
double-blind placebo-controlled trial also found that the inci-
dence of epidural hyperthermia is reduced by high doses of
methylprednisolone.21 These results demonstrated an asso-
ciation between epidural hyperthermia and inflammation, but
they did not provide evidence of causation. To date, two
causativemechanismshave been investigated. The first is that
intrapartum epidural analgesia increases the risk of intra-
partum infection and the second is that, during the intra-
partum period, epidural local anaesthetic has a pro-
inflammatory immunomodulatory effect. Infection is a com-
mon trigger for intrapartum inflammation, but it is unlikely
that epidural analgesia either increases the risk of intrapartum
infection or is utilised more frequently in parturients that are
more likely to develop infection (selection bias).7 It has been
consistently demonstrated that epidural analgesia does not
increase the risk of culture positive infection for either the
mother or the neonate even whenmode of labour analgesia is
randomised.7 In addition, a double-blind placebo-controlled
trial found that prophylactic antibiotics are ineffective at pre-
venting epidural hyperthermia.22 There is preliminary evi-
dence to support the immunomodulation hypothesis. One
study demonstrated that interleukin-1 receptor antagonist/
interleukin-1b ratio is reduced in intrapartum serum of par-
turients with epidural analgesia compared with those without
other forms of analgesia.17 Interleukin-1 receptor antagonist is
anti-pyrogenic and interleukin-1b is pyrogenic, and so this
result suggests that intrapartum epidural analgesia induces a
pyrogenic state, possibly via inhibition of leucocyte caspase-1
activity (Fig. 4).17 A further study found that in vitro ropiva-
caine induces releaseof thepropyrogenic cytokines interlukin-
6 and prostaglandin E from placental trophoblasts.18

At present it is not certain if either sympathetic blockade or
immunomodulation is responsible for epidural hyperthermia.
Neither mechanism is mutually exclusive, and further
research is warranted to determine if either or both mecha-
nisms have a role in the aetiology of hyperthermia.

Management of epidural hyperthermia

The management of epidural hyperthermia includes the
consent process for an intrapartum epidural and the man-
agement of intrapartum hyperthermia. Given that currently
the impact of epidural hyperthermia is not fully understood, it
is reasonable to question how much information should be
provided to parturients during the consent process for an
intrapartum epidural. In the UK, informed consent requires
that doctors ‘take reasonable care to ensure that the patient is
aware of any material risks involved in any treatment’;.a
‘material risk’ being one in which ‘a reasonable person in the
patient’s position would be likely to attach significance to the
risk’.23 It is likely that parturients would attach significance to
any of the potential risks of epidural hyperthermia, and so the
question of whether to inform patients depends on the cer-
tainty of a causative link. A high threshold should be set
during this assessment of certainty, because dissuading
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Fig 4 Schematic of proposed immunomodulation mechanism. Reproduced

from Del Arroyo and colleagues, with permission.17 In parturients without

epidural analgesia, activation of the pyrogenic pathway via activated

caspase-1 (casp1), interleukin-1b (IL-1b), and interlukin-6 (IL-6) is attenu-

ated by the parallel release of the antipyrogenic cytokine interleukin-1

receptor antagonist (IL1-ra). In parturients receiving epidural analgesia,

inhibition of caspase-1 activity reduces the release of IL1-ra. Loss of this

mechanism against fever increases the chances of hyperthermia.

Hyperthermia after epidural analgesia in obstetrics

BJA Education - Volume 21, Number 1, 2021 29

cascade of pro’- and anti-inflammatory cytokines, notably
interleukin-1, interleukin-1 receptor antagonist, and
interleukin-6 (Fig. 4). It is recognised that epidural hyper-
thermia occurs in conjunction with a proinflammatory state,

but it is unclear if this proinflammatory state is induced by
epidural analgesia or if it is a confounder: the proin-
flammatory state is pre-existent, before epidural placement,
in parturients who later become hyperthermic.

The origin of the link between epidural hyperthermia and
inflammation is the finding that titres of the pyrogenic cyto-
kine, interleukin-6, are greater in parturients with epidural
hyperthermia, compared to those with epidural analgesia and
a normal body temperature.16 Subsequently, a randomised
double-blind placebo-controlled trial also found that the inci-
dence of epidural hyperthermia is reduced by high doses of
methylprednisolone.21 These results demonstrated an asso-
ciation between epidural hyperthermia and inflammation, but
they did not provide evidence of causation. To date, two
causativemechanismshave been investigated. The first is that
intrapartum epidural analgesia increases the risk of intra-
partum infection and the second is that, during the intra-
partum period, epidural local anaesthetic has a pro-
inflammatory immunomodulatory effect. Infection is a com-
mon trigger for intrapartum inflammation, but it is unlikely
that epidural analgesia either increases the risk of intrapartum
infection or is utilised more frequently in parturients that are
more likely to develop infection (selection bias).7 It has been
consistently demonstrated that epidural analgesia does not
increase the risk of culture positive infection for either the
mother or the neonate even whenmode of labour analgesia is
randomised.7 In addition, a double-blind placebo-controlled
trial found that prophylactic antibiotics are ineffective at pre-
venting epidural hyperthermia.22 There is preliminary evi-
dence to support the immunomodulation hypothesis. One
study demonstrated that interleukin-1 receptor antagonist/
interleukin-1b ratio is reduced in intrapartum serum of par-
turients with epidural analgesia compared with those without
other forms of analgesia.17 Interleukin-1 receptor antagonist is
anti-pyrogenic and interleukin-1b is pyrogenic, and so this
result suggests that intrapartum epidural analgesia induces a
pyrogenic state, possibly via inhibition of leucocyte caspase-1
activity (Fig. 4).17 A further study found that in vitro ropiva-
caine induces releaseof thepropyrogenic cytokines interlukin-
6 and prostaglandin E from placental trophoblasts.18

At present it is not certain if either sympathetic blockade or
immunomodulation is responsible for epidural hyperthermia.
Neither mechanism is mutually exclusive, and further
research is warranted to determine if either or both mecha-
nisms have a role in the aetiology of hyperthermia.

Management of epidural hyperthermia

The management of epidural hyperthermia includes the
consent process for an intrapartum epidural and the man-
agement of intrapartum hyperthermia. Given that currently
the impact of epidural hyperthermia is not fully understood, it
is reasonable to question how much information should be
provided to parturients during the consent process for an
intrapartum epidural. In the UK, informed consent requires
that doctors ‘take reasonable care to ensure that the patient is
aware of any material risks involved in any treatment’;.a
‘material risk’ being one in which ‘a reasonable person in the
patient’s position would be likely to attach significance to the
risk’.23 It is likely that parturients would attach significance to
any of the potential risks of epidural hyperthermia, and so the
question of whether to inform patients depends on the cer-
tainty of a causative link. A high threshold should be set
during this assessment of certainty, because dissuading

Non-epidural

Epidural

Epidural

B
up

iv
ac

ai
ne

37°C

>38°C

IL-1b, IL-6

IL-1b, IL-6

IL1-RA

Opioid analgesia

IL1-RA

casp1↑

casp1↓

o
o

o
o

o
N

Fig 4 Schematic of proposed immunomodulation mechanism. Reproduced

from Del Arroyo and colleagues, with permission.17 In parturients without

epidural analgesia, activation of the pyrogenic pathway via activated

caspase-1 (casp1), interleukin-1b (IL-1b), and interlukin-6 (IL-6) is attenu-

ated by the parallel release of the antipyrogenic cytokine interleukin-1

receptor antagonist (IL1-ra). In parturients receiving epidural analgesia,

inhibition of caspase-1 activity reduces the release of IL1-ra. Loss of this

mechanism against fever increases the chances of hyperthermia.

Hyperthermia after epidural analgesia in obstetrics

BJA Education - Volume 21, Number 1, 2021 29



Can we prevent it??



Cartledge A et al. Br J Anaes 2022; 129: 567-580

↓ risk of ERMF with no epidural(!)

Cartledge et al 2022

Meta-analysis 
34 RCTs (n=10,221)

Preventative strategies
Women with ERMF in labour

Epidural Other

Incidence of fever
Neonatal sepsis / admission

Cartledge A et al. Br J Anaes 2022; 129: 567-580

↓ risk of ERMF with no epidural(!)

Cartledge et al 2022

Meta-analysis 
34 RCTs (n=10,221)

Preventative strategies
Women with ERMF in labour

Epidural Other

Incidence of fever
Neonatal sepsis / admission

Cartledge A et al. Br J Anaes 2022; 129: 567-580

Further argument for PIEB regime
Common sense approach:

Treat as for sepsis 





Does epidural related fever harm the baby??



To have an epidural or 
not to have an epidural?

That is the question…



• 12 RCTs and 16 cohort studies (579,157 women) 
• Epidurals ↑ fever risk 
• RCTs RR 3.54 (95% CI 2.61-4.81)
• BUT not neonatal sepsis evaluations, 

bacteraemia, or antibiotic treatment 

• Association between epidural and fever
• RCTs OR 4.21 (95% CI 3.49-5.09)
• Association between intrapartum fever of any 

cause and neonatal brain injury 
• Insufficient data to quantify specific risk of 

ERMF and neonatal outcomes 

• 34 studies
• No specific intervention effectively prevents or 

treats ERMF 
• Evidence on neonatal outcomes inconclusive

No evidence of harm assoc with 
epidural related fever specifically 

BUT studies lacking…

Fever of any aetiology associated with 
adverse neonatal outcomes



Tornell S et al. Acta Anaesthesiol Scand. 2015;59(4):486-95.

Apgar < 7 at 5 
min (adj OR)

Encephalopathy 
(adj OR)

Maternal 
fever

2.27 (1.71-3.02) 1.97 (1.19-3.26)

Epidural 
analgesia

1.27 (1.16-1.39) 1.11 (0.96-1.29)

Maternal fever assoc with low Apgar & encephalopathyEpidural assoc with low Apgar but NOT encephalopathy



Epidural associated with fever

Cornet et al. JAMA Network Open 2024: 7(9):e2433730

Fever association with HIE: 
OR 2.82; 95% CI, 2.51-3.17

BUT NO association between 
epidural analgesia and HIE





Pain relief
Improved satisfaction

Anaesthesia 
Reduced morbidity

Risks of procedure

Fever is one such risk

No signal of neonatal harm

Actively Rx T ≥37.5oC
Optimise epidural regime



Conclusions
1 • AVOID UNNECESSARY GA

• GREATER DIFFERENCE IN OUTCOME IN ELECTIVE CASES AT TERM
• NO SIGNAL OF LONGTERM HARM

• FEVER IN LABOUR ASSOC WITH ADVERSE NEONATAL OC
• EPIDURAL ANALGESIA ASSOC WITH FEVER 
• NO ASSOC BETWEEN EPIDURAL ANALGESIA AND ADVERSE 

NEONATAL / CHILDHOOD OC 
• ? IMMUNE RESPONSE

3

• NO CAUSAL ASSOCIATION BETWEEN EPIDURAL AND ADVERSE 
NEURODEVELOPMENT

• ANAESTHESIA FOR INCIDENTAL SURGERY IN PREGNANCY DOES NOT 
ADVERSELY IMPACT FETAL NEURODEVELOPMENT

• OPTIMISE CARE USING GUIDELINES - COMMUNICATION IS KEY



TACK!
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