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ABSTRACT

OBJECTIVES

To examine whether epidural analgesia in labour is
associated with neonatal neurological morbidity, other
neonatal morbidity, neonatal sepsis, low Apgar score,
neonatal mortality, and childhood cerebral palsy.
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AlLNHS hospitals in Scotland, using Scottish NHS
administrative linked data.

PARTICIPANTS

495695 women in labour with a singleton pregnancy
between 24+0 and 42+6 weeks’ gestation delivering
vaginally or via unplanned caesarean birth between 1
January 2007 and 31 December 2019.

MAIN OUTCOME MEASURES

The primary outcome was neonatal neurological
morbidity defined using ICD-10 codes as one

or more of hypoxic ischaemic encephalopathy,
neonatal seizures, intraventricular haemorrhage,
intraventricular infarction, periventricular
leukomalacia, meningitis, encephalitis, kernicterus,
hypotonia, birth asphyxia, or other cerebral diagnosis
occurring within 28 days of birth. Secondary outcomes
were other neonatal morbidity (one or more of
acidosis at birth (cord artery pH <7.10), traumatic birth
injury, brachial plexus injury, necrotising enterocolitis,
respiratory distress syndrome, respiratory failure,
pneumothorax, hypoglycaemia, or hypothermia),
neonatal sepsis, Apgar score <4 at five minutes
following birth, neonatal mortality, and cerebral palsy
diagnosed at any point during childhood.
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WHAT IS ALREADY KNOWN ON THIS TOPIC

Neonatal morbidity can have lifelong consequences

Epidural analgesia in labour provides effective pain relief and may reduce severe
maternal morbidity; however, evidence on neonatal and childhood outcomes is
limited

Assessing the effect of epidural analgesia in labour on neonatal and childhood
morbidity outcomes is a research priority for women and healthcare providers

WHAT THIS STUDY ADDS

Epidural analgesia in labour was not associated with clinically significant
increased risks of neonatal morbidity, neonatal mortality, or childhood cerebral
palsy

These findings were consistent across subgroups, including high risk
pregnancies, preterm births, and different modes of birth

This study provides strong evidence that epidural analgesia in labour is safe for
neonates
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RESULTS

Of the 495695 women, 114897 (23.2%) had epidural
analgesia in labour. Neonatal neurological morbidity
occurred in 434 babies (0.9 per 1000 births, 95%
confidence interval (Cl) 0.8 to 1.0). No association
was found between epidural analgesia in labour and
neonatal neurological morbidity (adjusted relative
risk 0.87, 95% Cl 0.68 to 1.12), other severe neonatal
morbidity (1.17, 0.90 to 1.51), neonatal sepsis
(1.11,0.90 to 1.37), Apgar score <4 at five minutes
(0.97, 0.87 to 1.09), neonatal mortality at 28 days
(0.81, 0.62 to 1.06), or cerebral palsy in childhood
(0.80, 0.60 to 1.06). Findings were consistent across
subgroups including women considered to have high
risk pregnancies, preterm births, and across different
modes of birth.

CONCLUSION

Epidural analgesia during labour was not associated
with clinically significant risks of harm to newborn
babies or children, including risks of neonatal
morbidity, death, or cerebral palsy. These findings
have important policy implications, and support
widening availability and equitable access to epidural
analgesia as a safe component of intrapartum care.

Introduction

Epidural analgesia is widely regarded as the most
effective method of pain relief during labour,
contributing to improved maternal satisfaction and
facilitating conversion to anaesthesia for operative
delivery when required.! Poorly controlled pain can
lead to the development of physiological stress in
mothers, resulting in cortisol and catecholamine
release, hyperventilation, increased oxygen consu-
mption, and impaired fetal oxygen transfer.”> The
provision of analgesia in labour may to mitigate these
effects and hence benefit both mothers and fetuses.> *
In a previous Scottish population based cohort study by
this group, we found that epidural analgesia in labour
was associated with reduced risk of severe maternal
morbidity, a key classifier of near-miss maternal
mortality.* This was particularly evident in women
with high risk pregnancies or giving birth preterm.*
Maternal and neonatal wellbeing are inextricably
linked, making it essential to establish the neonatal
safety profile of epidural analgesia to support informed
consent and shared decision making.?>® When consent
for epidural analgesia is obtained, however, neonatal
effects are less consistently discussed than maternal
risks.

Although epidural analgesia in labour offers
important maternal benefits, fetuses and subsequently
neonates may be affected via placental transfer
of drugs and indirect effects through changes to
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maternal physiology. Epidural analgesia during
labour is associated with physiological side effects
such as maternal hypotension, altered uteroplacental
perfusion, fetal heart rate abnormalities, and maternal
fever, all of which may result in ongoing alterations to
aneonate’s physiology raising concerns about possible
impacts on neonatal and later childhood outcomes.***
Maternal fever secondary to sepsis during labour is
strongly associated with adverse outcomes, including
neonatal sepsis, hypoxic ischaemic encephalopathy,
and cerebral palsy. Infectious fever cannot reliably be
distinguished from non-infectious epidural associated
fever in real time, and it remains unknown whether
the latter results in similar harm to neonates.'?
Understanding these potential risks is important, as
increasing evidence highlights the role of epidural
analgesia during labour in lowering maternal
morbidity.>*

In a 2018 Cochrane review of 40 randomised
controlled trials including more than 11 000 women,
Apgar scores and neonatal unit admissions did not
differ between babies born to mothers who did or did
not receive epidural analgesia in labour, although
serious neonatal morbidity and longer term outcomes
were not assessed.! In a previous Scottish population
based study (n=435281), we found no association
between epidural analgesia and immediate neonatal
or developmental outcomes at age 2 to 3 years, but we
did not assess serious neurological morbidity.” A US
based cohort of more than 230000 births found no
association between epidural analgesia and neonatal
hypoxic ischaemic encephalopathy but only included
infants born after 35 weeks’ gestational age and did not
examine cerebral palsy,'® and a further smaller study
from a single geographical area in the US (n=20929)
found no association between epidural analgesia and
cerebral palsy.'* Neither US study accounted for the
mother’s underlying risk status, and both took place
in a healthcare system where the epidural rate was
around 75%, limiting applicability of findings to a UK
setting where epidural uptake is around 25%, despite
being free at the point of access.'*** Concerns about
potential harm to neonates continue to influence
women’s decisions about use of epidural analgesia in
labour, and women cite fears about effects on their
baby as a reason for declining such analgesia.'® These
gaps highlight the need for population level evidence
on serious neonatal and childhood neurological
outcomes.

In this national population based cohort, we
analysed all births in Scotland over a 13 year period
to examine whether epidural analgesia during labour
was associated with neonatal neurological morbidity.
Secondary outcomes included other neonatal
morbidity, neonatal sepsis, low Apgar score, neonatal
mortality, and cerebral palsy in childhood. Our aim
was to generate population level evidence on the safety
of epidural analgesia in labour to support clinical
counselling and informed decision making.
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Methods

Our methods are reported in accordance with
Strengthening the Reporting of Observational Studies
in Epidemiology (STROBE) guidance.’

Data sources and study population

We linked six Scotland-wide administrative databases:
Scottish Morbidity Record-2 (SMR02), Scottish
Morbidity Record-1 (SMRO1), Scottish Birth Record,
National Records of Scotland, Scottish Stillbirth Infant
Death Survey, and Scottish Intensive Care Society
Audit Group. The SMRO1 records all non-obstetric
inpatient and day case admissions according to ICD-10
(international classification of diseases, 10th revision)
codes and UK NHS OPCS-4 (Office of Population
Censuses and Surveys classification of interventions
and procedures).'® ¥ SMR02 documents all obstetric
inpatient and day case admissions during pregnancy
and the postnatal period and includes maternal and
infant characteristics.’* SMRO1 and SMRO2 are subject
to regular quality assurance checks, with data around
90% complete.?! 2 All neonatal care is recorded in the
Scottish Birth Record. The National Records of Scotland
registers all births, stillbirths, and infant deaths, and
the Scottish Stillbirth Infant Death Survey collects
additional information from the relevant coordinator
of the survey (obstetrician, paediatrician, or midwife)
at each hospital.

Inclusion and exclusion criteria

We analysed all women in labour with a singleton
pregnancy between 24+0 and 42+6 weeks’ gestation
in Scotland between 1 January 2007 and 31 December
2019. We excluded any births where mode of delivery,
child identity, or data for analgesia during labour were
not recorded, or where there was a known congenital
anomaly (n=29015, 4.2% of all pregnancies
considered). We also excluded women with planned
caesarean births as they did not experience labour
and could not have chosen to have epidural analgesia
(n=84099, 12.1%; fig 1).

Epidural analgesia

Epidural analgesia was defined as a conventional
lumbar epidural administered at any point during
labour. Women recorded as not receiving epidural
analgesia may have received no additional analgesia
or may have undergone spinal or general anaesthesia
for operative birth, reflecting the variability in labour
progression and clinical decision making. Owing to
hierarchical coding of anaesthetic interventions in
the SMRO2 dataset, it was not possible to determine
whether women who received spinal or general
anaesthesia had previously received epidural analgesia
earlier in labour. Around 5% of women receiving
epidural analgesia require conversion to spinal or
general anaesthesia.”> Combined spinal-epidural
analgesia could not be separately identified, as it is
coded within the dataset as spinal anaesthesia. The
use of combined spinal-epidural analgesia in labour

doi: 10.1136/bmj-2026-343320 | BMJ 2026;394:€343320 | thebmj



RESEARCH

Linked deliveries in Scotland
From 1 January 2007 to 31 December 2019
Gestation 24+0to 42+6

Excluded
~—> 29015 Congenital anomalies
2704 Stillbirths
100 No child ID info

9983 Not singletons
84099 Elective caesarean section

2604 No recorded mode of delivery and other unspecified
33731 No data for analgesiain labour
15806 No data for outcome

Eligible deliveries

A

(

Delivered in an obstetric unit

)

Delivered in a freestanding
midwivery unit or at home

{ 8 ! !
$114 897 i 380798 (§ 24 245
Epidural No epidural No epidural
(§ 15834 ] 186 220 145673 (§293 413 (§1198 ] 16574
High risk Not high risk High risk Not high risk High risk Not high risk
pregnancy pregnancy pregnancy pregnancy pregnancy pregnancy

Fig 1 | Flow of participants through study: complete case data

in Scotland is uncommon, accounting for about 1% of
epidural procedures.?

Outcomes

The primary outcome was a composite of neonatal
neurological morbidity, defined as any one or more of
hypoxic ischaemic encephalopathy, neonatal seizures,
intraventricular haemorrhage, intraventricular infarc-
tion, periventricular leukomalacia, meningitis, encep-
halitis, kernicterus, hypotonia, birth asphyxia, or
other cerebral diagnosis occurring from the date of
delivery to 28 days post partum.”>?” All conditions
were identified using ICD-10 diagnostic codes from the
SMRO1 and SMRO2 national administrative datasets
(see supplementary eTable 1 for specific codes),
with diagnoses assigned at discharge by clinical
coding staff. Diagnostic codes were not individually
validated for this study; however, SMRO1 and SMRO2
are subject to regular quality assurance checks, with
data accuracy around 90%.*' > We constructed the
composite outcome from clinically related conditions
that share plausible mechanistic pathways through
which epidural analgesia could affect neonates, all of
which represent serious conditions with potential long
term consequences. The same direction of effect would
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be expected for each component, and individual event
rates were too low for reliable separate analysis.
Secondary outcomes were other neonatal morbidity
(one or more of acidosis at birth (cord artery pH
<7.10), traumatic birth injury, brachial plexus injury,
necrotising enterocolitis, respiratory distresssyndrome,
respiratory failure, pneumothorax, hypoglycaemia, or
hypothermia, diagnosed from the date of delivery to
28 days post partum?® ?’); neonatal sepsis from date
of delivery to 28 days post partum; Apgar score <4 at
five minutes following birth; neonatal mortality at 28
days; and cerebral palsy diagnosed at any point during
childhood through linked ICD-10 codes from SMRO1.
ICD-10 codes are provided in supplementary eTable 1.

Confounders and other variables used in analyses

We identified potential measured and unmeasured
confounders a priori as variables plausibly associated
with both epidural use and neonatal outcomes.
Directed acyclic graphs were constructed using
DAGitty to visualise both measured and unmeasured
confounding.?® This approach allowed visualisation
of unmeasured confounding and assessment of
whether such confounding might be mitigated by other
measured variables along the same causal pathway
(see supplementary eFigures 1 and 2). We included
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ethnicity and socioeconomic status because these
factors are recognised as influencing both neonatal
outcomes and epidural use during labour. Ethnicity
was defined using NHS Scotland 2011 census
categories.” As a proxy for individual socioeconomic
status, we used residential area deprivation according
to the Scottish Index of Multiple Deprivation - the
first 10% of deprivation denoting the most deprived
areas and the last 10% the least deprived.*° We used
ICD-10 codes from SMRO2 to obtain information
on maternal height, weight, comorbidities of pre-
eclampsia and diabetes, smoking status, drug use,
plus obstetric indices of previous caesarean birth,
parity, and induction of labour. Gestational age at birth
was based on ultrasound assessment in the first half
of pregnancy. Smoking status at the booking visit was
defined as current, former, or never. Birth location
was categorised into obstetric unit, freestanding
midwifery unit, or home. Obstetric units were defined
as hospitals with on-site obstetric and anaesthetic
services, inclusive of epidural analgesia provision,
or midwifery led units co-located with an obstetric
unit. Freestanding midwifery units were defined as
midwifery led units without direct access to obstetric
or anaesthetic care.’!

In exploratory analyses we assessed whether
associations differed by factors known to influence
neonatal outcomes. These were preterm birth, the
underlying risk status of the mother, and mode of
birth. We classified births as preterm if they occurred
before 37 weeks’ gestation and as term or post-term
if they occurred at >37+0 weeks.>?> We defined high
risk pregnancies as patients with any one or more
of serious cardiovascular or respiratory disease
(congestive heart failure, congenital heart disease,
pulmonary hypertension, ischaemic heart disease,
asthma), pre-eclampsia, previous caesarean section,
breech presentation, multiple pregnancy, and morbid
obesity (body mass index >40) diagnosed before the
date of delivery (see supplementary eTable 2).* These
conditions were included if recorded up to the day
before delivery to ensure they occurred before the
decision to have epidural analgesia. Mode of birth was
defined as spontaneous vaginal, instrumental vaginal,
or unplanned caesarean.

Statistical analysis

As this was a whole population study, we did not
perform sample size calculations. We report baseline
characteristics by epidural status, with continuous
variables expressed as medians and interquartile
ranges (IQRs) and categorical variables as counts and
percentages. Our primary analysis included women
giving birth in an obstetric unit, as these women would
have had access to epidural analgesia if required. We
assessed temporal trends in the primary outcome
by fitting adjusted Poisson regression models with
calendar year as a continuous variable to estimate
the adjusted relative risk per year for each outcome.
To assess any associations of epidural use with
temporal trends, we conducted an epiduralxyear
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of birth interaction analysis within the temporal
trend models. To adjust for confounders, we used
multivariable Poisson regression models with cluster
robust sandwich estimators under the generalised
estimation equation framework based on directed
acyclic graphs (see supplementary eFigures 1 and 2).
We chose these models in place of log-binomial models
to avoid problems with convergence. The robust
estimator was used to correct the inflated variance
with the standard Poisson model and to account
for more than one birth in some women.*> As some
women gave birth more than once during the study
period, descriptive statistics are reported by pregnancy
rather than by individual woman. In the modelling
of outcome risk, neonates with multiple conditions
within the composite outcome were counted once in
the primary analysis to avoid double counting within
the same outcome category. These models were used
to determine absolute risks and adjusted relative risks.

Dealing with missing confounder data

All eligible pregnancies had complete data on epidural
analgesia and outcomes. Missing data on confounders
varied, with the least for maternal age (0 missing)
and most for maternal ethnicity (n=186112, 37.5%).
In total, 253479 (51.1%) of eligible participants
had missing data on one or more confounders. We
imputed missing data for confounders using multiple
imputations through chained equations to form
10 imputed datasets, employing a predictive mean
matching methodology.>* Ten iterations assured
stability of data output, and 10 imputations guaranteed
the accuracy of pooled variable effect size estimates.

Additional subgroup analyses

We performed three sets of stratified subgroup
analyses using the same adjusted Poisson regression
modelling. Firstly, we stratified by gestational age at
birth: preterm (<37 weeks) versus term or post-term
(237 weeks).>? For the preterm and term or post-
term analysis, we excluded gestational age from the
adjustment variables. Secondly, by maternal risk
status: high risk versus low risk pregnancy (defined as
the absence of any high risk criteria). Finally, by mode
of birth (spontaneous vaginal, instrumental vaginal,
or unplanned caesarean). For the high and low risk
pregnancy analysis, we excluded pre-eclampsia,
weight, height, and previous caesarean birth from the
adjustment variables as they were components of the
high risk classification (see supplementary eTable 2).
Statistical evidence for a difference between the two
related subgroups was assessed by comparing a model
with an interaction term (eg, interaction term between
epidural analgesia during labour and high risk: yes
v no) using a likelihood ratio test to compare these
two models. We considered a more stringent P<0.01
to provide statistical evidence of a difference in the
analysis of subgroups.

doi: 10.1136/bmj-2026-343320 | BMJ 2026;394:€343320 | thebmj
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Table 1 | Maternal and neonatal characteristics of births in obstetric units in Scotland according to epidural analgesia use in labour. Values are number
(percentage) unless stated otherwise

Characteristics
Median (IQR) maternal age (years)

Overall (=495 695)
29.0 (25.0-33.0)

No epidural analgesia
(n=380798)

29.0 (25.0-33.0)

Epidural analgesia
(n=114897)

29.0 (24.0-33.0)

Standardised mean
difference (95% ClI)

-0.07 (-0.08 to -0.06)

Median (IQR) maternal weight (kg)

67.0 (59.0-79.0)

67.0 (59.0-79.0)

68.0 (60.0-80.0)

0.06 (0.06 to 0.07)

Missing data 45610 (9.2) 35551 (9.3) 10059 (8.8)

Median (IQR) maternal height (cm) 164.0 (160.0-169.0) 165.0 (160.0-169.0) 164.0 (160.0-168.0) -0.06 (-0.07 to -0.05)
Missing data 47133 (9.5) 35865 (9.4) 11268 (9.8)

Median (IQR) maternal BMI 24.8 (22.0-28.9) 24.7 (21.9-28.7) 25.1(22.3-29.4) 0.09 (0.08 t0 0.10)
Missing data 54555 (11.0) 41712 (11.0) 12843 (11.2)

Maternal ethnicity:
White 286217 (92.5) 217605 (92.5) 68612 (92.4) -0.01 (-0.02t0 -0.01)
Asian 14018 (4.5) 10611 (4.5) 3407 (4.6) 0.02 (0.01 t0 0.02)
Black 4721 (1.5) 3690 (1.6) 1031 (1.4) -0.01 (-0.01 t0 0.00)
Other 3130 (1.0) 2361 (1.0) 769 (1.0) 0.01 (0.00 t0 0.01)
Mixed 1497 (0.5) 1094 (0.5) 403 (0.5) 0.01 (0.00t0 0.02)
Missing data 186112 (37.5) 145437 (38.2) 40675 (35.4)

SIMD 10th:
1st (most deprived) 66494 (13.5) 52043 (13.7) 14451 (12.6) -0.03 (-0.04 10 -0.03)
2nd 60996 (12.3) 47 477 (12.5) 13519 (11.8) -0.02 (-0.02 t0 -0.01)
3rd 54772 (11.1) 42171 (11.1) 12601 (11.0) 0.00 (-0.01 to 0.00)
4th 51471 (10.4) 39631 (10.4) 11840 (10.3) 0.00 (0.00 to 0.00)
5th 48044 (9.7) 37500 (9.9) 10544 (9.2) -0.02 (-0.03t0-0.02)
6th 44722 (9.0) 34649 (9.1) 10073 (8.8) -0.01 (-0.01 t0 -0.01)
7th 44073 (8.9) 33645 (8.9) 10428 (9.1) 0.01 (0.00t0 0.01)
8th 43840 (8.9) 32840 (8.6) 11000 (9.6) 0.03 (0.03 t0 0.03)
9th 41101 (8.3) 30967 (8.2) 10134 (8.8) 0.02 (0.02 t0 0.03)
10th (least deprived) 38690 (7.8) 28759 (7.6) 9931 (8.7) 0.04 (0.04 to 0.05)
Missing data 1492 (0.3) 1116 (0.3) 376 (0.3)

Smoker status:
Current 88207 (18.6) 69912 (19.2) 18295 (16.7) -0.06 (-0.07 to -0.06)
Former 61904 (13.0) 44708 (12.2) 17196 (15.7) 0.11(0.10t00.12)
Never, non-smoker 324689 (68.4) 250403 (68.6) 74286 (67.7) -0.02 (-0.03 t0 -0.02)
Missing data 20895 (4.2) 15775 (4.1) 5120 (4.5)

Illicit drug use 7809 (2.2) 5999 (2.2) 1810 (2.2) 0.01 (0.00t0 0.01)
Missing data 137193 (27.7) 104832 (27.5) 32361 (28.2)

Induction of labour 157262 (31.8) 104878 (27.5) 52384 (45.6) 0.39 (0.39 to 0.40)
Missing data 5458 (1.1) 3884 (1.0) 1574 (1.4)

Parity 2.0 (1.0-2.0) 2.0 (1.0-2.0) 1.0 (1.0-2.0) -0.48 (-0.49 10 -0.47)
Missing data 2357 (0.5) 1829 (0.5) 528 (0.5)

No of previous caesarean births:

0

467 142 (94.5)

359495 (94.6)

107 647 (93.9)

-0.03 (-0.04 t0 -0.02)

1 24990 (5.1) 18355 (4.8) 6635 (5.8) 0.04 (0.03 t0 0.05)
>2 2458 (0.5) 2065 (0.5) 393 (0.3) -0.05 (-0.05 to -0.04)
Missing data 1105 (0.2) 883 (0.2) 222 (0.2)

Diabetes 11880 (2.5) 8641 (2.3) 3239 (2.9 0.04 (0.03 to 0.04)
Missing data 16434 (3.3) 13010 (3.4) 3424 (3.0)

Pre-eclampsia 6568 (1.3) 4299 (1.1) 2269 (2.0) 0.07 (0.07 t0 0.08)

Median (IQR) estimated gestation (weeks)

40.0 (39.0-41.0)

40.0 (39.0-40.0)

40.0 (39.0-41.0)

0.23 (0.22 to 0.24)

Median (IQR) birthweight (g)

3450 (3100-3780)

3430 (3080-3760)

3500 (3180-3835)

0.17 (0.17 t0 0.18)

Missing data

534 (0.1)

427 (0.1)

107 (0.1)

Mode of delivery:

Spontaneous vaginal

330430 (66.7)

288000 (75.6)

42430 (36.9)

-0.85 (-0.85 t0 -0.84)

Unplanned caesarean

91421 (18.4)

56 453 (14.8)

34968 (30.4)

0.38 (0.37 to 0.38)

Instrumental 73844 (14.9) 36345 (9.5) 37 499 (32.6) 0.59 (0.59 t0 0.59)
Year of birth:
2007 27290 (5.5) 20553 (5.4) 6737 (5.9) 0.02 (0.02 t0 0.03)
2008 37985 (7.7) 28908 (7.6) 9077 (7.9) 0.01(0.01t00.01)
2009 41164 (8.3) 29998 (7.9) 11166 (9.7) 0.07 (0.06 to 0.07)
2010 42297 (8.5) 31617 (8.3) 10680 (9.3) 0.04 (0.03 t0 0.04)
2011 42633 (8.6) 31769 (8.3) 10864 (9.5) 0.04 (0.03 t0 0.04)
2012 43649 (8.8) 34327 (9.0) 9322 (8.1) -0.03 (-0.04 t0 -0.03)
2013 41913 (8.5) 33029 (8.7) 8884 (7.7) -0.03 (-0.04 t0 -0.03)
2014 42234 (8.5) 32986 (8.7) 9248 (8.0) -0.02 (-0.03 t0 -0.02)
2015 40519 (8.2) 31611 (8.3) 8908 (7.8) -0.02 (-0.03t0-0.01)
2016 39810 (8.0) 31267 (8.2) 8543 (7.4) -0.03 (-0.03 t0 -0.02)
2017 35391 (7.1) 27626 (7.3) 7765 (6.8) -0.02 (-0.02 t0 -0.02)
2018 30999 (6.3) 24123 (6.3) 6876 (6.0) -0.01 (-0.02 t0 -0.01)
2019 29811 (6.0) 22984 (6.0) 6827 (5.9) 0.00 (-0.01 to 0.00)

Descriptive analyses are by pregnancy, not individual women. In total, 363 357 women experienced 495 695 pregnancies, with 111 460 contributing more than one pregnancy.
BMI=body mass index; Cl=confidence interval; IQR=interquartile range; SIMD=Scottish Index of Multiple Deprivation.
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Sensitivity analyses

We conducted several sensitivity analyses to assess
the robustness of our findings. Firstly, we performed
an analysis of all births regardless of birth setting
(ie, obstetric units, midwifery led units, and
home). Secondly, we addressed potential exposure
misclassification due to crossover between groups.
For example, a woman who receives an epidural in
labour may subsequently require spinal or general
anaesthesia for operative delivery and would thus be
included in the control group. Furthermore, she may
be recorded as having spinal anaesthesia when in fact
she had received combined spinal-epidural analgesia.
We therefore conducted a sensitivity analysis restricted
to spontaneous vaginal births, comparing women who
received epidural analgesia with those who did not,
and excluding any woman who was coded as having
received a spinal or general anaesthetic. Thirdly,
to further model the effect of epidural analgesia on
neonatal neurological morbidity, we analysed the
association throughout the continuum of gestational
ages using robust Poisson regression with non-linear
splines. Finally, we compared results from multiple
imputation with complete case analyses (n=242216)
to assess the impact of handling missing data.

Patient and public involvement

This study used anonymised national registry data,
analysing existing information without direct contact
with participants. Patient and public involvement was
limited owing to the retrospective nature of the study
and lack of dedicated funding for patient and public
involvement activities. However, we incorporated
public perspectives through several mechanisms:
research priorities were informed by the James Lind
Alliance priority setting exercise for anaesthesia and
perioperative care, which identified maternal and
neonatal outcomes as research priorities.” Additionally,
a patient representative reviewed the final manuscript
and provided feedback on the presentation and

interpretation of findings, helping to ensure our results
were communicated in a clinically meaningful way.

Results

Study population and baseline characteristics

After exclusions, the study included 495 695 women
in labour in Scotland between 1 January 2007 and
31 December 2019 (table 1, fig 1), of whom 114 897
(23.2%) received epidural analgesia. Mothers who
received epidural analgesia during labour were more
likely to be younger, have a higher body mass index,
live in an area of less socioeconomic disadvantage,
be primiparous, undergo induction of labour,
have a multiple birth, have diabetes, have pre-
eclampsia, give birth to a higher birthweight baby,
and have an operative delivery (table 1). Neonatal
neurological morbidity occurred in 434 babies (0.9
per 1000 births) and was more commonly observed
in women who did not have epidural analgesia in
labour (350/380798, 0.09% v 84/114897, 0.07%;
table 2).

Temporal trends in neonatal neurological morbidity
There was an overall increase in incidence of neonatal
neurological morbidity (adjusted relative risk per
year 1.05, 95% confidence interval (CI) 1.01 to 1.09)
and neonatal sepsis (1.06, 1.05 to 1.08) during the
study period (see supplementary eTable 3), driven
by an increase in babies with neonatal meningitis,
which increased by 9% per year (see supplementary
eTable 4 and eFigure 3). During this period the use
of epidural analgesia in labour did not increase (see
supplementary eFigure 3) and there was no effect
modification by epidural status on interaction testing
(P=0.64) (see supplementary eTable 4 and eFigures
4a and 4b). In contrast, the incidence of Apgar score
<4 at five minutes (relative risk per year 0.93, 0.88 to
0.98), neonatal mortality (0.97, 0.95 to 0.99), and
cerebral palsy (0.87, 0.84 to 0.90) all decreased (see
supplementary eTable 3).

Table 2 | Observed outcomes for women giving birth in obstetric units in Scotland according to epidural analgesia in labour (reference group: no
epidural analgesia (relative risk=1))
Crude event rate (No; % (95% Cl))

Unadjusted relative risk Adjusted relative risk*

Outcomes
Neonatal outcomes

All pregnancies (n=495695) No epidural (n=380798)

Epidural (n=114897)

(95% Cl); P value (95% Cl); P value

Neurological morbidityt  434; 0.09 (0.08 to 0.10) 350; 0.09 (0.08 to 0.10) 84;0.07 (0.06 to 0.09) 0.80 (0.63 to 1.01); 0.06 0.87 (0.68t01.12); 0.27
Other severe morbidityt  333; 0.07 (0.06 to 0.07) 243; 0.06 (0.06 to 0.07) 90; 0.08 (0.06 t0 0.10) 1.23 (0.96 to 1.56); 0.10 1.17 (0.90t0 1.51); 0.24
Sepsis§ 541;0.11 (0.10t0 0.12) 411;0.11 (0.10t0 0.12) 130;0.11 (0.09t0 0.13) 1.05 (0.86 t0 1.28); 0.64 1.11 (0.90 to 1.37); 0.32
Apgar score <49 1906; 0.38 (0.37 to 0.40) 1504;0.39 (0.38t00.42) 402;0.35(0.32t00.39) 0.89 (0.7910 0.99); 0.03 0.97 (0.87 to 1.09); 0.62
Mortality** 527;0.11(0.10t0 0.12) 464;0.12 (0.11t00.13) 63;0.05 (0.04 t0 0.07) 0.45 (0.35 t0 0.59); <0.001 0.81 (0.62 to 1.06); 0.13
Childhood outcome

Cerebral palsytt 370;0.07 (0.07 to 0.08) 311; 0.08 (0.07 to 0.09) 59; 0.05 (0.04 to 0.07) 0.63 (0.48 t0 0.83); 0.001 0.80 (0.60 to 1.06); 0.12

Cl=confidence interval.

*Adjusted for estimated gestation, maternal age, weight, height, ethnicity, Scottish Index of Multiple Deprivation, smoking history at booking visit, drug misuse, induction of labour, parity,

previous caesarean birth, diabetes, pre

-eclampsia, and year of birth.

tDefined as any one or more of hypoxic ischaemic encephalopathy, seizures, intraventricular haemorrhage, intraventricular infarction, periventricular leukomalacia, meningitis, encephalitis,
kernicterus, hypotonia, birth asphyxia, or other cerebral diagnosis occurring at any point from the date of delivery to 28 days post partum.

$Defined as any one or more of acidosis at birth (cord artery pH <7.10), traumatic birth injury, brachial plexus injury, necrotising enterocolitis, respiratory distress syndrome, respiratory failure,
pneumothorax, hypoglycaemia, or hypothermia diagnosed from the date of delivery to 28 days post partum.
§Diagnosed from the date of delivery to 28 days post partum.

fIScored at five minutes following birth.
**At 28 days.
ttDiagnosed at any point during childh

ood.
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Association between epidural analgesia during labour and risk of
neonatal and childhood outcomes

thebmj

Adjusted relative risks and 95% Cls for neonatal and childhood outcomes are referent to
receiving no epidural analgesia during labour

Outcome Adjusted relative risk (95% CI)

Primary

L 4

Neonatal neurological morbidity

Secondary

L 2

Other neonatal morbidity

4

Neonatal sepsis

Apgar score <4 at 5 minutes E—

28 day mortality

L 4

4

Cerebral palsy

0.6 0.8
Favours epidural

Article DOI: 10.1136/bmj-2026-343320 ® Download data

1 1.2 1.4
Favours control

Fig 2 | Adjusted relative risks and 95% confidence intervals for neonatal and childhood outcomes according to use of epidural analgesia in labour. An
interactive version of this graphic is available at https://public.flourish.studio/visualisation/29352604/

Association between epidural analgesia in labour
and outcomes

There was no association between epidural analgesia
and increased risk of neonatal neurological morbidity
(adjusted relative risk 0.87, 95% CI 0.68 to 1.12).
The upper confidence limit of 1.12 for this outcome
excludes a relative increase of more than 12%,
providing reassurance that any plausible harmful
effect of epidural analgesia is small. Neither was
epidural analgesia associated with other severe
neonatal morbidity (adjusted relative risk 1.17, 0.90 to
1.51), neonatal sepsis (1.11, 0.90 to 1.37), Apgar score
<4 at five minutes (0.97, 0.87 to 1.09), and neonatal
mortality at 28 days (0.81, 0.62 to 1.06), nor cerebral
palsy at any point during childhood (0.80, 0.60 to
1.06) (table 2, fig 2). The median time to diagnosis
of cerebral palsy was 3 years (range 1.5 months to 12
years).

Subgroup analyses
In subgroup analyses, associations between epidural
use and outcomes of neonatal neurological morbidity,

thelbmj | BMJ 2026;394:€343320 | doi: 10.1136/bmj-2026-343320

other severe neonatal morbidity, neonatal sepsis,
neonatal mortality, and childhood cerebral palsy did
not differ between preterm and term/post-term births,
nor between high risk and low risk pregnancies (table
3). A reduced risk of Apgar score <4 at five minutes
was found in women who gave birth preterm and had
an epidural compared with no epidural analgesia
(adjusted relative risk 0.59, 0.44 to 0.79). This was not
found in women who gave birth at term or post term
(0.98, 0.87 to 1.11); P<0.01 for difference. There was
no other statistical evidence of effect modification
between groups of preterm versus term/post-term
births nor between high risk and low risk pregnancies
(table 3).

Epidural analgesia was not associated with increased
risks of any outcome regardless of mode of delivery
(spontaneous vaginal, instrumental, or unplanned
caesarean birth) (table 4).

Robustness of results and sensitivity analyses
Results were similar when all births were included
(ie, births in obstetric units plus midwifery led units,
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Table 4 | Risk of outcomes in babies of mothers who had epidural analgesia in labour according to mode of birth. Values are adjusted relative risk*
(95% Cl) unless stated otherwise (reference group: no epidural analgesia (relative risk=1))

Spontaneous vaginal birth Instrumental birth; P value Pvalue for  Unplanned caesarean birth P value for
Outcomes (n=330430); P value (n=73844) difference (n=91421); Pvalue difference
Neonatal outcomes
Neurological morbidityt 1.03 (0.73 to 1.46); 0.85 0.83 (0.45t0 1.53); 0.55 0.61 0.73(0.44 10 1.20); 0.22 0.38
Other severe morbidity+ 0.54 (0.30t0 0.96); 0.04 1.03 (0.69 to 1.54); 0.88 0.06 1.06 (0.63t0 1.78); 0.82 0.09
Sepsis§ 1.25 (0.94 t0 1.64);0.12 1.13(0.741t01.72);0.58 0.57 1.10 (0.63 t0 1.92); 0.74 0.40
Apgar score <49 0.92 (0.75 to 1.40); 0.50 0.97 (0.74 t0 1.27); 0.82 0.55 0.68 (0.57 t0 0.81); <0.001 0.11
Mortality** 1.16 (0.76 to 1.78); 0.50 0.74 (0.38t0 1.44);0.37 0.24 0.45 (0.29 t0 0.71); 0.001 0.03
Childhood outcome
Cerebral palsytt 0.82 (0.4910 1.39); 0.47 0.63(0.34101.16);0.14 0.78 0.48 (0.30t0 0.75); 0.001 0.33

Interaction testing was performed referent to spontaneous vaginal births.

Cl=confidence interval.

*Adjusted for: estimated gestation, age, weight, height, ethnicity, Scottish Index of Multiple Deprivation, smoking history at booking visit, drug misuse, induction of labour, parity, previous
caesarean birth, diabetes, pre-eclampsia, year of birth.
tNeonatal neurological morbidity, defined as any one or more of; hypoxic ischaemic encephalopathy, neonatal seizures, intraventricular haemorrhage, intraventricular infarction, periventricular
leukomalacia, meningitis, encephalitis, kernicterus, hypotonia, birth asphyxia, or other cerebral diagnosis occurring at any point from the date of delivery to 28-days post-partum.

$Other severe neonatal morbidity defined as any one or more of; acidosis at birth (cord artery pH < 7.10), traumatic birth injury, brachial plexus injury, necrotising enterocolitis, respiratory distress
syndrome, respiratory failure, pneumothorax, hypoglycaemia, or hypothermia), diagnosed from the date of delivery to 28-days post-partum.

§Neonatal sepsis diagnosed from the date of delivery to 28-days post-partum.

YApgar < 4 at 5 mins following birth.
**Neonatal mortality at 28-days.

ttCerebral palsy diagnosed at any point during childhood.

with a higher incidence of maternal fever in labour
but was not associated with neonatal hypoxic
ischaemic encephalopathy.'®> Longer term outcomes
such as cerebral palsy were not examined, and only
neonates born after 35 weeks’ gestation were included,
limiting its wider applicability. The second smaller
study examined cerebral palsy, but its findings were
limited by small sample size (n=20929) and restricted
geographical range.'* That both studies took place
in US healthcare systems where epidural uptake is
around 75% and did not consider underlying maternal
risk profiles further limits their interpretation. The
Scottish epidural rate of 23.2% reflects a healthcare
system with a strong tradition of midwifery led care
and community midwifery units where epidural
analgesia is not available on-site. This rate is broadly
consistent with rates in other parts of the UK during the
same period.'® >’ 3 We recognise that rates are higher
in other settings, including the US, where they can
exceed 70%.'* The relative effect of epidural analgesia
on neonatal outcomes is a property of the intervention
rather than of how often it is used, and therefore the
absolute population burden will differ between settings
but the relative effect should not. The consistency
between our findings and those of an ethnically diverse
US cohort supports the external validity of our results.*®

Although epidural related maternal fever is a
recognised concern, we were unable to assess maternal
temperature directly and therefore could not examine
this association in our cohort. The incidence of fever in
all women undergoing labour is estimated at between
1.6% and 14.6% of women.>® Data from meta-analyses
report the incidence of epidural related maternal fever
as being between 15% and 25% but do not show a
causal link with serious neonatal morbidity.? “° Qur
population level findings are in keeping with this
evidence and provide reassurance that epidural use
does not increase serious neonatal complications,
including neurological morbidity, despite the expected
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higher rate of fever and regardless of the underlying
mechanism.

While epidural analgesia was associated with lower
observed rates of some adverse outcomes among
women having unplanned caesarean births, formal
interaction testing provided no statistical evidence
that mode of birth modified the effect of epidural use.
The associations observed in this exploratory analysis
are consistent with the known advantages of regional
anaesthesia over general anaesthesia at the time of
operative delivery, and they are hypothesis generating.
A functioning epidural that can be topped up for
caesarean birth avoids the need for rapid induction
of general anaesthesia, which holds greater risk for
both mother and baby. In a Scottish population based
study of more than 140000 caesarean births, reduced
risks of adverse neonatal outcomes, including need for
resuscitation at birth, Apgar score <7 at five minutes,
and admission to a neonatal unit, were observed when
spinal or epidural anaesthesia was used instead of
general anaesthesia in both planned and unplanned
caesarean births.® Similarly, in a meta-analysis of 46
randomised controlled trials (3689 women), general
anaesthesia was associated with lower Apgar scores
at five minutes compared with regional techniques,*!
and a large study of World Health Organization data
showed an association between general anaesthesia
and adverse neonatal outcomes in a low and middle
income setting.*? These data add to the evidence base
showing that epidural analgesia does not increase the
risk of harm to neonates, and the associations observed
in unplanned caesarean births are in keeping with
the known advantages of regional anaesthesia over
general anaesthesia at the time of operative delivery.

The incidence of neonatal neurological morbidity
and neonatal sepsis increased across the study period,
driven by increased numbers of reported infants
with meningitis. Notably, epidural rates did not
change substantially during this period, and epidural
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analgesia use did not influence this change after
formal interaction testing. These findings may reflect
improvements in detection, reporting, laboratory
methods, or coding practices, or they may indicate
a true increase in disease burden. Publications,
including the Surviving Sepsis campaign in 2004 and
guidelines on neonatal infection from the National
Institute for Health and Care Excellence, are likely
to have contributed towards increased awareness
of sepsis and may have influenced rates of reported
central nervous system infections.”” “* That the
incidence of low Apgar score, neonatal mortality, and
cerebral palsy in childhood decreased over the same
period indicates that this may be a factor of increased
recognition and recording or improved treatment
rather than a true increase in disease burden.

Policy implications

These findings are relevant for clinical practice and
public health messaging. Epidural analgesia remains
the most effective method of pain relief in labour,
improving maternal satisfaction and reducing severe
maternal morbidity in high risk women.’ * Concerns
about potential harm to neonates continue to influence
clinical decision making and women’s choices.
Women from ethnic minority groups and from areas
of socioeconomic disadvantage are more likely to have
high risk pregnancies and may have more benefit from
epidural analgesia, yet are less likely to choose it.* **>*’
Possible reasons for this include misinformation,
distrust of healthcare professionals, cultural norms,
peer pressure, and concerns for their own and
their babies’ health.**>! Differences in healthcare
professionals’ attitudes as well as institutional
and structural biases may act as further barriers to
epidural use.”®*? Our study provides population level
reassurance that epidural analgesia in labour does
not increase the risk of serious neonatal or childhood
morbidity. By addressing concerns about fetal harm as
a basis for declining epidural analgesia, these findings
remove a barrier to its uptake, particularly for women
in groups currently less likely to receive epidural
analgesia during birth. These results further support
equitable access to epidural analgesia and highlight
the importance of shared, evidence informed decision
making between women and their care providers.

Strengths and limitations of this study

The primary strength of this study was its large sample
size of 495695 births spanning a 15 year period,
reflecting contemporary obstetric and anaesthetic
practice. Use of a national dataset with linkage
across multiple routine health records enabled long
term follow-up of neonatal and childhood outcomes,
including cerebral palsy during childhood. We
adjusted for confounders identified a priori using
directed acyclic graphs, employed multiple imputation
for missing confounder data, and showed consistency
between imputed and complete case analyses. The
additional sensitivity analyses in strata of women with
increased risk of adverse neonatal outcomes and with
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different modes of birth, support the reliability of our
findings.

This observational study had several main
limitations. Women who receive epidural analgesia
in labour differ systematically from those who do not,
particularly in parity, birth setting, socioeconomic
status, and risk profile, and unmeasured confounding
may remain despite adjustment. SMRO2 does not
record total labour duration, specific indications for
epidural analgesia (maternal request versus medical
recommendation), timing and duration of analgesia,
and severity of fetal distress preceding delivery, nor
detailed indications for operative delivery. Adjustment
for pre-eclampsia, diabetes, and the high risk
classification partially accounts for medically indicated
deliveries. Beyond this, prolonged or complicated
labours independently increase the risk of adverse
neonatal outcomes and strongly predict requests for
epidural analgesia. Any residual confounding by
indication would therefore be expected to bias our
results towards harm in the epidural analgesia group,
and the null findings we observed are robust against
this concern.

We acknowledge that our study lacked data on
physiological variables such as maternal temperature
and hypotension and therefore we could not discern
which women had developed fever in labour. As a
result we were unable to examine the association
between epidural analgesia associated maternal fever
and neonatal outcomes directly within our cohort.
Epidural analgesia is more commonly required and
requested in women with more complex medical and
obstetric histories, longer labours, malpositioned
fetuses, longer interval between rupture of membranes
and birth, greater use of oxytocic drugs, more vaginal
examinations, and increased duration of epidural
analgesia. That all these factors may increase the risk
of maternal fever and adverse neonatal outcomes
increases our confidence in our findings. We also
acknowledge that other forms of anaesthesia may have
been used in more urgent clinical scenarios, such as
fetal hypoxia, and that this could bias towards more
favourable results in the epidural analgesia group.
However, our analysis aimed to reflect the different
management pathways and possible outcomes
depending on a woman’s choices about epidural
analgesia in labour - for example, a woman having
epidural analgesia in labour may use the epidural for
anaesthesia if required and is less likely to require
general anaesthesia. While some women may have
received spinal or general anaesthesia after epidural
analgesia (and thus be counted in the control group),
the findings of our sensitivity analysis examining only
vaginal births where no spinal or general anaesthesia
was used were consistent with our main findings.
Our analysis is based on administrative diagnostic
codes, and we acknowledge that the absence of more
detailed data sources, such as individual clinical
records or imaging reports, is a limitation and may
have resulted in incomplete case ascertainment.
This level of granularity is not generally available
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within population level administrative datasets and
represents a recognised limitation of such studies. We
also recognise that the low absolute incidence of the
neonatal outcomes limits statistical power; however,
this large population based study highlights the value
of using such datasets despite their limitations. The
upper confidence interval of 1.12 for our primary
outcome excludes a relative increase of greater than
12% making any clinically significant increase in risk
unlikely. We used widely validated area deprivation
indices to indicate socioeconomic status. However,
this may not always reflect individual socioeconomic
positions - for example, women with higher educational
attainment or higher income living in an area with a
high deprivation score. Data on ethnicity were missing
for 37.5% of women. The consistency of results
between imputed and complete case analyses suggests
that missing ethnicity data did not materially alter our
findings, although residual confounding from ethnicity
related factors cannot be excluded.? As the population
of Scotland is predominantly white, our results might
not be generalisable to more diverse populations;
however, the similarity of our results to those of a US
study with an ethnically diverse population increases
confidence in our findings.'* Additionally, we did
not have information on individual care providers
and factors influencing maternal decision making
about epidural analgesia in labour nor mode of birth.
Qualitative studies of women’s decision making around
use of epidural analgesia in labour may complement
these findings and support person centred care.

Conclusion

This analysis of 495 695 births in Scotland found no
evidence of a clinically significant association between
epidural analgesia in labour and serious neonatal
morbidity or mortality or cerebral palsy in childhood.
Findings were consistent across subgroups of high
risk pregnancies, preterm births, and operative births.
These results should reassure parents and clinicians
that epidural analgesia use in labour is safe for babies
and support informed, evidence based decision
making about analgesic options in labour.
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