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Abstract

Labor pain is among the most intense pain a woman may endure in her lifetime. Without analgesia, labor pain
could result in intense maternal emotional distress, postpartum depression and fetal distress. In the European
countries and United States of America, up to 83% of pregnant women receive labor epidural analgesia (LEA)
for delivery, which is considered effective and safe for both mother and fetus. The aim of this narrative review is
to summarize maternal outcomes, pregnancy outcomes, neonatal outcomes and long-term neurodevelopmental
outcomes after labor epidural analgesia. LEA reduces the risk for severe maternal morbidity (e.g. heart failure)
in women with a medical indication (e.g., cardiovascular disease) for LEA and in preterm delivery. Modern LEA
using low concentrations of local anesthetics does not result in a clinically relevant prolongation of labor, it does
not increase the risk for instrumental vaginal delivery or cesarean sections. LEA does neither affect APGAR
scores, nor acid-base status. There is ongoing debate whether LEA impacts neurodevelopmental outcomes
such as autism spectrum disorder (ASD), but this association may be explained by unmeasured confounders.
No significant association was found between LEA and other long-term neurodevelopmental outcomes (e.g.,
Attention-Deficit Hyperactivity Disorder), but this has been investigated by only a limited number of studies.
There is need for high quality studies investigating long-term neurodevelopmental outcomes after LEA.
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Introduction

In 2023, approximately 3.7 million children were
born in the European Union'. It can be estimated
that during the delivery of more than 3 million of
these children, the mother received labor epidural
analgesia (LEA) to manage labor pain**. Labor
pain is among the most intense pain a woman may
endure in her lifetime®. The pain arises during
the first stage of labor due to uterine contractions
and cervical dilation®®. As labor progresses into
the second stage, the descent of the fetal head
stretches the perineum and vagina, which may

lead to perineal tissue damage®®. Labor pain
leads to intense maternal emotional distress and —
without analgesia — to a high risk of postpartum
depression®'’. Additionally, the maternal stress
response to pain results in maternal hyperventilation
and release of catecholamines, causing decreased
uterine blood flow with fetal distress and neonatal
asphyxia as potential consequences' . In the
European countries and United States of America,
up to 83% of pregnant women receive LEA for
delivery**'"2. Patient satisfaction is higher for
LEA when compared with other approaches (e.g.,
nitrous oxygen, opioids), and LEA is considered
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safe during delivery for both the mother and the
fetusll,M—]ﬁ.

However, it has been started only recently to
investigate long-term consequences of the use
of LEA. Recent studies have explored possible
links between LEA and autism spectrum disorder
(ASD)"""*. ASD typically emerges in early
childhood, can have lifelong effects on individuals
and pose significant societal and economic
burdens'>*. ASD is a neurodevelopmental disorder
characterized by deficits in communication, social
interaction, and repetitive or restrictive behavior?'.
While known risk factors include genetic,
environmental, prenatal, and postnatal, its precise
etiology remains unclear®?.

The aim of this review is to summarize the most
recent evidence on maternal outcomes, pregnancy
outcomes, neonatal outcomes and long-term
neurodevelopmental outcomes of the child after
the use of labor epidural analgesia.

Materials and methods

Pubmed, Embase and Web of Science were
searched using a search string comprising
the concepts “labor epidural analgesia” AND
(“maternal outcomes” OR “pregnancy outcomes”
OR “neonatal outcomes” OR “long-term
neurodevelopmental outcomes”). Filters were
applied to select systematic reviews. Articles
investigating maternal outcomes, pregnancy
outcomes, neonatal outcomes and long-term
neurodevelopmental outcomes of the child after
the use of labor epidural analgesia were eligible.

Records were screened for eligibility by two
authors (MA and TB). The authors focused on
most recent systematic reviews and meta-analyses.
The reference lists of included articles were further
screened for relevant articles. The two authors
obtained a consensus for inclusion of articles.

This review focused on systematic reviews
and meta-analyses published between 1998 and
2024, with particular emphasis on studies from
the past decade (2015-2025). A limited number of
older studies were selectively included to provide
historical context and to illustrate the evolution of
labor analgesia practices. Systematic reviews and
meta-analyses were prioritized as they represent the
highest level of evidence, synthesizing data across
multiple studies to offer more robust, unbiased and
generalizable conclusions.

Labor epidural analgesia and maternal outcomes

LEA has been associated with a reduced risk of
severe maternal morbidity*?’. The United States
Centers for Disease Control and Prevention defines
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severe maternal morbidity as the occurrence of
peri- or postpartum maternal acute myocardial
infarction, acute renal failure, acute respiratory
distress syndrome, amniotic fluid embolism,
cardiac arrythmias/arrest, heart failure, eclampsia,
pulmonary edema, shock, the need for maternal
blood transfusion, hysterectomy, admission to the
intensive care unit, among other complications?.

The most recent large-scale observational
study, encompassing over 500,000 laboring
women between 2007 and 2019, showed that
LEA was associated with a 35% relative risk
reduction in severe maternal morbidity (adjusted
Relative Risk (aRR): 0.65, 95% confidence-
interval (CI): 0.50-0.85)*. Notably, among women
with a medical indication for LEA—including
significant cardiovascular or respiratory disease,
pre-eclampsia, prior cesarean section, breech
presentation, multiple gestation, and morbid
obesity—the relative risk reduction was even more
pronounced at 50% (aRR: 0.50; 95% CI: 0.34—
0.72). Similarly, in women delivering preterm,
LEA was associated with a 47% reduction in
severe maternal morbidity (aRR: 0.53; 95% CI:
0.37-0.76). Conversely, there was no statistical
significant association between LEA and a reduction
in severe maternal morbidity in the subgroups of
laboring women without a medical indication for
LEA (aRR: 0.67; 95% CI: 0.43-1.03) and women
delivering term or post-term (aRR: 1.09; 95% CI:
0.98-1.21). Two other studies on this subject also
concluded that the use of LEA was associated with
a reduced risk for severe maternal morbidity, but
did not analyze the subgroups of women with a
medical indication for LEA and women delivering
preterm**.

Labor epidural analgesia and pregnancy
outcomes

In the early years following introduction of LEA
(1970-1990s), it was perceived to be associated
with adverse pregnancy outcomes®”. However,
high-quality study designs and advancements
in anesthesia techniques have fundamentally
altered this perspective®. Contemporary evidence
indicates that modern LEA is safe with respect to
pregnancy outcomes.

Studies conducted before 2005 reported several
adverse pregnancy outcomes for LEA when
compared to parenteral opioids or placebo. First,
randomized controlled trials (RCTs) observed
a significantly prolonged first stage of labor
(weighted mean difference: 42 minutes; 95% CI:
17-68) and second stage of labor (weighted mean
difference: 14 minutes; 95% CI: 5-23)*. Second,
both RCTs*?' and retrospective observational



studies* reported increased rates of instrumental
vaginal delivery [RCTs": relative risk (RR) 1.38,
95% CI: 1.24-1.53; observational studies®>: RR
4.72, 95% CI: 3.08-7.24]. Third, retrospective
observational studies showed an increased risk
of cesarean section (RR: 4.16, 95% CI: 2.56—
6.76)**; however, RCTs failed to confirm this
observation® .

Studies conducted after 2005 represent more
modern LEA and the study design improved®.
Over the years, strategies have been developed
to reduce the total dose of local anesthetics®.
The modern use of low-concentration local
anesthetics [< 0.1% (levo)bupivacaine and < 0.17%
ropivacaine] combined with opioids reduces the
motoric block and thereby improves significantly
above-mentioned pregnancy outcomes, when
compared to the historic higher concentrations of
local anesthetic***. Additionally, the continuous
epidural infusion of local anesthetics has been
replaced by programmed intermittent epidural
bolus (PIEB) administration®, which has been
shown to further enhance pregnancy outcomes®.
Furthermore, retrospective observational studies
have been entirely superseded by randomized
controlled trials (RCTs), ensuring a higher level of
evidence®. However, a notable limitation of these
RCTs is the high crossover rate from the control
group to LEA®.

The findings of these modern randomized
controlled trials (RCTs) were summarized in 2018
in a Cochrane systematic review, which compared
LEA with parenteral opioids'®. The meta-analysis
identified a statistically significant increase in the
duration of both the first stage of labor (weighted
mean difference: 32 minutes; 95% CI: 18-46)
and the second stage of labor (weighted mean
difference: 15 minutes; 95% CI: 2-28)'¢. However,
while statistically significant, these time differences
are clinically negligible in the context of the overall
duration of labor®. This slight prolongation is
generally considered acceptable given the superior
analgesic efficacy of LEA”. No significant increase
in the risk of cesarean section (RR: 1.07; 95% CI:
0.96-1.18) or instrumental vaginal delivery (RR:
1.19; 95% CI: 0.97-1.46) was observed'.

In conclusion, modern LEA has no clinically
relevant negative impact on pregnancy outcomes.

Labor epidural analgesia and neonatal outcomes

When LEA was compared with parenteral opioids,
there was no evidence for worse APGAR scores,
neonatal resuscitation, neonatal death or neonatal
intensive care unit admission (RR 1.03; 95% CI:
0.95-1.12)"%»3' LEA resulted in a reduced risk
for neonatal acidosis (neonatal base excess: mean

difference: 0.779 mEq/L; 95% CI: 0.056-1.502)
when compared to parenteral opioids®.

Labor epidural analgesia and autism spectrum
disorder

In 2020, a first retrospective clinical cohort
study showed an association between modern
LEA and ASD (Hazard ratio (HR) 1.37, 95% CI:
1.23-1.53)". Additionally, a clear relationship
between the duration of LEA and the HR for
ASD was reported, raising a safety concern for
public health”. Thereafter, other retrospective
observational studies corroborated this finding
even when taking several confounders into account
(e.g., maternal age at delivery, parental education
and income, birth weight, prematurity, pregnancy
complications etc.)""***. In contrast, other
retrospective observational studies failed to confirm
an association between LEA and ASD, especially
when using a sibling matched design?-*+,
Likewise, the only prospective observational study
(using caregiver questionnaires) performed so far
failed to prove this association®,

Recent systematic reviews found a significantly
increased risk for ASD when confounders were
not taken into account [HR 1.3, CI: 1.25-1.35 and
HR 1.24, 95% CI: 1.14-1.34]>%. When potential
confounders (e.g., sociodemographic factors)
were considered, the effect was smaller but still
statistically significant [HR 1.13, 95% CI: 1.03-
1.25 and HR 1.11, 95% CI: 1.06-1.16]"**. When
only studies using a sibling-matched design were
analyzed, one meta-analysis concluded that there
was no significant association [HR 1.07, 95%
CI: 0.99-1.16], whereas another meta-analysis
demonstrated a significant association in sibling-
matched designs [HR 1.10, 95% CI: 1.02-1.18],
with however no dose-response effect’>*. It
was concluded that the statistically significant
association between LEA and ASD may be
explained by unmeasured confounders (e.g.,
genetic factors)®.

Labor Epidural analgesia and other long-term
neurodevelopmental outcomes

While the major focus in most studies was on the
association between LEA and ASD, other long-
term neurodevelopmental outcomes have been
reported only in a limited number of studies.
There was no evidence for an association between
LEA and learning disorders, Attention-Deficit
Hyperactivity Disorder (ADHD) (HR: 0.99, 95%
CI 0.96-1.02), intellectual development disorder,
neurodevelopmental impairment (adjusted odds
ratio (aOR): 1.14; 95% CI: 0.71-1.79), clinically
relevant psychosocial problems, epilepsy,
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neurodevelopmental impairments (HR: 0.99, 95%
CI 0.96-1.02), cerebral palsy (aOR 0.84, 95% CI
0.35-1.81) and hypoxic-ischemic encephalopathy
(RR 1.21, 95% CI 0.96-1.53)! 384446,

A single retrospective cohort study observed
that LEA was even associated with a reduced risk
for developmental concerns (gross and fine motor
function, communication and social functioning®,
while another study observed an increased risk™.

A summary of all outcomes after labor epidural
analgesia can be found in Table I.

Discussion

Labor epidural analgesia remains one of the most
effective and safe methods for pain relief during
labor". LEA reduces the risk of severe maternal
morbidity in women with a medical indication
for LEA and in preterm delivery®. With usage of
modern low concentrations of local anesthetics,
there is no increased risk for clinically relevant
prolonged labor, instrumental delivery or cesarean
section*. Research investigating neonatal
outcomes and long-term neurodevelopment
has largely reported no significant associations
between LEA and adverse outcomes**. The
potential association between LEA and ASD may
be explained by unmeasured confounders'®3¥74,
No consistent link has been found between LEA
and other neurodevelopmental disorders such as
ADHD?*. LEA has been used for decades in the
vast majority of vaginal deliveries (up to 83%)*
#1112 and remains the most effective and safest way

to allow pregnant women a nearly pain-free labor-
and birth experience'"'*¢,

While studies conducted before 2005 reported
adverse pregnancy outcomes associated with
LEA, such as prolonged labor and increased
rates of instrumental or cesarean delivery,
several factors may explain these findings®. First,
high concentrations of local anesthetics (e.g.,
0.2-0.25% bupivacaine) were used, leading to
motor blockade that impaired both voluntary
and involuntary expulsive efforts during labor®.
Second, confounding factors in retrospective
observational studies may have biased the results;
for instance, patients experiencing more pain in
early labor, which is associated with an increased
risk of cesarean section, may have been more
likely to self-select for LEA®. Additionally, high
risk pregnancies, with a higher risk for instrumental
vaginal deliveries and cesarean sections, are also
more likely to receive early LEA.

Moreover, LEA has been associated with
a reduced risk of severe maternal morbidity,
particularly among women with medical indications
for its use and those experiencing preterm
labor*. These findings suggest the hypothesis
that LEA may confer benefits to maternal health
within these subgroups. However, caution is
warranted, as the observational design of this
study precludes the establishment of a causal
relationship, demonstrating only an association.
Several mechanisms may underlie this observed
association”. First, LEA may mitigate physiological
stress responses to labor pain, such as increased

Table I. — Summary of review: outcomes after labor epidural analgesia.

Outcome

Summary

Maternal outcomes -

LEA reduces the risk for severe maternal
morbidity in women with a medical
indication for LEA and in preterm labor.

Pregnancy outcomes -

Modern LEA using low concentrations
of local anesthetics does not result in a
clinically relevant prolongation of labor.
Contemporary LEA does not increase the
risk for instrumental vaginal delivery or
cesarean sections.

Neonatal outcomes -

LEA does not affect APGAR scores.
LEA was associated with an improved
fetal acid-base status.

Long-term -
neurodevelopmental
outcomes

There is ongoing debate regarding the
association between LEA and autism
spectrum disorder, though this may be due
to unmeasured confounders.

No significant association has been

found between LEA and other long-term
neurodevelopmental outcomes (e.g.,
Attention-Deficit Hyperactivity Disorder),
but this has been investigated only in a
limited number of studies.
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cardiac output and respiratory rate, which could be
particularly protective in patients with preexisting
cardiac or respiratory diseases”. Second, women
receiving LEA may receive heightened medical
surveillance, facilitating earlier detection and
intervention for maternal morbidity”. Third, LEA
enables a seamless transition from analgesia to
surgical anesthesia in the event of an emergent
cesarean section, thereby reducing the maternal
risks associated with general anaesthesia”. Lastly,
the use of alternative pain management strategies,
such as nitrous oxide or opioids, may contribute to
an increased risk of severe maternal morbidity in
the group of women not using LEA”.

High quality studies and robust evidence was
found for maternal outcomes, pregnancy outcomes
and neonatal outcomes. However, it is crucial
to acknowledge the limitations of the studies
investigating long-term neurodevelopmental
outcomes, such as ASD. Apart from being
contradictory, the available studies suffer from
several important limitations which may have
induced significant bias. First, it is obvious that
retrospective studies without sibling matching
cannot correct for unmeasured/unmeasurable
confounders such as genetic factors, which
could contribute to the predisposition for
neurodevelopmental disorders®. Second, with the
exception of one study, all studies assessed the
outcomes retrospectively, using already existing
population-based datasets and administrative
records (e.g., health insurance databases, which
were obviously not specifically designed to
investigate this subject). Third, there are no studies
prospectively assessing investigator-assessed
outcomes allowing an objective neurocognitive
testing®”. Fourth, in several studies, both vaginal
deliveries and cesarean sections were included**'#.
Fifth, the majority of studies focused on ASD and
did not assess other cognitive functions. Last, the
neurophysiological mechanism by which LEA
could cause neurodevelopmental disorders remains
entirely elusive.

In conclusion, LEA is safe with respect to
maternal outcomes, pregnancy outcomes and
neonatal outcomes. However, high-quality
studies are needed to investigate the long-term
neurodevelopmental outcomes following prenatal
exposure to LEA.

Acknowledgments:

- Assistance with the article: None.

- Declaration of artificial intelligence technologies in
the writing process: During the preparation of this work
the authors used ChatGPT (OpenAl, San Francisco,
California, USA, https://chat.openai.com/ ) in order to
improve the readability and language. After using this

tool, the authors reviewed and edited the content as
needed and take full responsibility for the content of
the publication.

- Funding: The authors are funded by the Belgian
Society of Anesthesiology, Resuscitation, Perioperative
Medicine and Pain Management (BeSARPP) Research
Grant 2024; Obstetric Anaesthetists’ Association
(OAA) Quality Improvement and Innovation Grant
2024; European Society of Regional Anaesthesia & Pain
Therapy (ESRA) Research Grant 2024 and the Obstetric
Anaesthetists’ Association (OAA) Small Research Grant
2023. None of these funding sources played a role in the
study design, data collection, analysis, interpretation or
writing of the article.

- Conflicts of Interest: None.

References

1. Eurostat. Fertility rate by age group. Eurostat Statistics
Database. Available from: https://ec.europa.eu/eurostat/
databrowser/view/tps00204/default/table?lang=en.

2. Chassard D, Langlois-Jacques C, Naaim M, Galetti
S, Bouvet L, Coz E, et al. Anesthesia practices for
management of labor pain and cesarean delivery in France
(EPIDOL): A cross-sectional survey. Anaesth Crit Care
Pain Med. 2023;42(6).

3. Devroe S, Bleeser T, Van de Velde M, Verbrugge L, De
Buck F, Deprest J, et al. Anesthesia for non-obstetric
surgery during pregnancy in a tertiary referral center: a
16-year retrospective, matched case-control, cohort study.
Int J Obstet Anesth. 2019;39:74-81

4. Seijmonsbergen-Schermers AE, van den Akker T, Rydahl
E, Beeckman K, Bogaerts A, Binfa L, et al. Variations
in use of childbirth interventions in 13 high-income
countries: A multinational cross-sectional study. PLoS
Med. 2020;17(5).

5. Nanji J, CB. Pain management during labor and vaginal
birth. Best Pract Res Clin Obstet Gynaecol. 2020;67:100—
12.

6. Yarnell R. Pain Relief for Labor and Delivery. Medscape.
2021

7. Shatil B, Smiley R. Neuraxial analgesia for labour. Br J
Anaesth Educ. 2020;20:96-102.

8. Halliday L, Nelson SM, Kearns RJ. Epidural analgesia
in labor: A narrative review. Int J Gynaecol Obstet.
2022;159:356-64.

9. Sng BL, Suhitharan T, Pham TPT, Chen H, Assam PN,
Sultana R, et al. Investigating analgesic and psychological
factors associated with risk of postpartum depression
development: a case—control study. Neuropsychiatr Dis
Treat. 2016;12:1333-40.

10. Hiltunen P, Raudaskoski T, Ebeling H, Moilanen 1. Does
pain relief during delivery decrease the risk of postnatal
depression? Acta Obstet Gynecol Scand. 2004;83(3):257—
61.

11. Wang X, Li J, Liu D. Effects of epidural analgesia
exposure during parturition on autism spectrum disorder
in newborns: A systematic review and meta-analysis based
on cohort study. Front Psychiatry. 2022;13:1023346.

12. Hung KC, Chen JY, Hsing CH, Hsu CW, Liu PH,
Chang Y], et al. Association of labor epidural analgesia
exposure with long-term risk of autism spectrum disorder
in offspring: A meta-analysis of observational studies.
Autism. 2023;27(5):1177-89.

13. Motoyama EK, Rivard G, Acheson F, Cook CD. The
effect of changes in maternal pH and PCO, on the PO, of
fetal lambs. Anesthesiology. 1967;28(5):891-903.

14. Hawkins JL. Epidural analgesia for labor and delivery. N
Engl J Med. 2010;362(16):1503—10.

OUTCOMES AFTER LABOR EPIDURAL ANALGESIA — ARRAZOLA DE ONATE ET AL. 277



15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

278

Wang TT, Sun S, Huang SQ. Effects of epidural labor
analgesia with low concentrations of local anesthetics
on obstetric outcomes: a systematic review and meta-
analysis of randomized controlled trials. Anesth Analg.
2017;124(5):1571-80.

Anim-Somuah M, Smyth RM, Cyna AM, Cuthbert A.
Epidural versus non-epidural or no analgesia for pain
management in labour. Cochrane Database Syst Rev.
2018;2018(5).

Thapar A, Cooper M, Rutter M. Neurodevelopmental
disorders. Lancet Psychiatry. 2017;4(4):339-46.
Dimaggio C, Sun L, Li G. Early childhood exposure to
anesthesia and risk of developmental and behavioral
disorders in a sibling birth cohort. Anesth Analg.
2011;113:1143-51.

Qiu C, Lin JC, Shi JM, Chow T, Desai VN, Nguyen VT,
et al. Association between epidural analgesia during labor
and risk of autism spectrum disorders in offspring. JAMA
Pediatr. 2020;174(12):1168-75.

Zamstein O, Sheiner E, Binyamin Y, Pariente G,
Wainstock T. Examining the relationship between autism
spectrum disorder in children whose mother had labour
epidural analgesia for their birth: a retrospective cohort
study. Eur J Anaesthesiol. 2024;41(4):282—7.

Isik O, Shagqif J, Ling G, Deven L, Ruth M, Caleb P, Craig
U, Britta V, Andrew W, Guohua L, Caleb 1. Behavioural
and neuropsychological outcomes in children exposed in
utero to maternal labour epidural analgesia. Br J Anaesth.
2024;133(2):334-43.

Styles M, Alsharshani D, Samara M, Alsharshani M,
Khattab A, Qoronfleh W, et al. Risk factors, diagnosis,
prognosis, and treatment of autism. Front Biosci.
2020;25:1682-717.

Sim MA, Liang S, Lian KT, Ban LS, Birit DL, Lourdes
BC, Looi BC. Association between maternal labour
epidural analgesia and autistic traits. J Clin Anesth.
2023;89:110009.

Driessen M, Bouvier-Colle MH, Dupont C, Khoshnood B,
Rudigoz RC, Deneux-Tharaux C. Postpartum hemorrhage
resulting from uterine atony after vaginal delivery. Obstet
Gynecol. 2011;117(1):21-31.

Guglielminotti J, Landau R, Daw J, Friedman AM,
Chihuri S, Li G. Use of labor neuraxial analgesia for
vaginal delivery and severe maternal morbidity. JAMA
Netw Open. 2022;5(8).

Kearns RJ, Kyzayeva A, Halliday LOE, Lawlor DA, Shaw
M, Nelson SM. Epidural analgesia during labour and
severe maternal morbidity: population-based study. BMJ.
2024;385.

Devroe S, Rex S, Lucas N. Unlocking maternal health:
labour epidurals and severe morbidity. BMJ. 2024.
Centers for Disease Control and Prevention. (2024, May
15). Identifying Severe Maternal Morbidity (SMM).
Retrieved from https://www.cdc.gov/maternal-infant-
health/php/severe-maternal-morbidity/icd.html

Callahan EC, Lee W, Aleshi P, George R. Modern labor
epidural analgesia: implications for labor outcomes
and maternal-fetal health. Am J Obstet Gynecol.
2023;228:1260-9.

Halpern SH, Leighton BL, Ohlsson A, Barrett JFR. Effect
of epidural vs parenteral opioid analgesia on the progress
of labor: a meta-analysis. JAMA. 1998;280(24):2105-10.
Anim-Somuah M, Smyth RM, Howell CJ. Epidural versus
non-epidural or no analgesia in labour. In: Anim-Somuah
M, editor. Cochrane Database Syst Rev. Chichester, UK:
John Wiley & Sons, Ltd; 2005.

Zhang J, Klebanoff MA, DerSimonian R. Epidural
analgesia in association with duration of labor and mode
of delivery: a quantitative review. Am J Obstet Gynecol.
1998;180:970-7.

Sultan P, Murphy C, Halpern S, Carvalho B. The effect
of low concentrations versus high concentrations of local
anesthetics for labour analgesia on obstetric and anesthetic

AcTA ANAESTH. BEL., 2025, 76 (4)

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

outcomes: a meta-analysis. Can J Anesth. 2013;60(9):840—
54.

Halliday L, Kinsella M, Shaw M, Cheyne J, Nelson
SM, Kearns RJ. Comparison of ultra-low, low and high
concentration local anaesthetic for labour epidural
analgesia: a systematic review and network meta-analysis.
Anaesthesia. 2022;77:910-8.

Xu J, Zhou J, Xiao H, Pan S, Liu J, Shang Y, et al.
A systematic review and meta-analysis comparing
programmed intermittent bolus and continuous infusion as
the background infusion for parturient-controlled epidural
analgesia. Sci Rep. 2019;9(1).

Murphy MSQ, Ducharme R, Hawken S, Corsi DJ,
Petrcich W, El-Chaar D, et al. Exposure to intrapartum
epidural analgesia and risk of autism spectrum disorder in
offspring. JAMA Netw Open. 2022;5(5).

Straub L, Huybrechts KF, Mogun H, Bateman BT.
Association of neuraxial labor analgesia for vaginal
childbirth with risk of autism spectrum disorder. JAMA
Netw Open. 2021;4(12):e2143819.

Hegvik TA, Klungseyr K, Kuja-Halkola R, Remes H,
Haavik J, D’Onofrio BM, et al. Labor epidural analgesia
and subsequent risk of offspring autism spectrum disorder
and attention-deficit/hyperactivity disorder: a cross-
national cohort study of 4.5 million individuals and their
siblings. Am J Obstet Gynecol. 2023;228(2):233.e1-233.
el2.

Ren T, Zhang J, Yu Y, Pedersen L, Wang H, Li
F, et al. Association of labour epidural analgesia
with neurodevelopmental disorders in offspring: a
Danish population-based cohort study. Br J Anaesth.
2022;128(3):513-21.

Hanley GE, Bickford C, Ip A, Lanphear N, Lanphear
B, Weikum W, et al. Association of epidural analgesia
during labor and delivery with autism spectrum disorder
in offspring. JAMA. 2021;326(12):1178-85.

Mikkelsen AP, Greiber IK, Scheller NM, Lidegaard
. Association of labor epidural analgesia with autism
spectrum disorder in children. JAMA. 2021;326(12):1170—
7.

Wall-Wieler E, Bateman BT, Hanlon-Dearman A, Roos
LL, Butwick AJ. Association of epidural labor analgesia
with offspring risk of autism spectrum disorders. JAMA
Pediatr. 2021;175(7):698-705.

Fang LL, Zhou YY, Jiang HY, Shi YD. Labor epidural
analgesia and risk of autism spectrum disorders in
offspring: A systematic review and meta-analysis.
Frontiers in Pediatrics. 2022;10.

Lodha A, Moser JJ, Walker A, Lodha A, Tang S,
McAllister D. Association of epidural analgesia in
labor with neurodevelopmental outcomes in premature
infants born at <29 weeks of gestational age. Journal of
Perinatology. 2024;44(4):548-53.

Shima M, Tokuda N, Hasunuma H, Kobayashi Y, Tanaka
H, Sawai H, et al. Association of epidural analgesia during
labor with neurodevelopment of children during the first
three years: the Japan Environment and Children’s Study.
Environ Health Prev Med. 2022;27(1):1-8.

Cornet MC, Kuzniewicz MW, Scheffler AW, Gaw SL,
Yeh P, Newman TB, et al. Epidural analgesia during labor
and neonatal hypoxic-ischemic encephalopathy. JAMA
Netw Open. 2024;7(9):e2433730.

Zhang L, Graham JH, Feng W, Lewis MW, Zhang X,
Kirchner HL. No association of labor epidural analgesia
with cerebral palsy in children. J Anesth. 2016;30(6):1008—
13.

Kearns Rachel, Nelson Scott, Rex Steffen. Epidural
analgesia in labour: separating fact from fiction for autism
and neurodevelopment. Br J Anaesth.. 2024;133:247-54.

doi.org/10.56126/76.4.37



