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Abstract

Background: While epidural analgesia (EA) is associated
with maternal fever during labor, the impact on the risk for
maternal and/or neonatal sepsis is unknown. Objectives:
The aim of this systematic review was to investigate the ef-
fect of epidural-related intrapartum fever on maternal and
neonatal outcomes. Methods: OVID MEDLINE, OVID Em-
base, the Cochrane Library, Cochrane Controlled Register of
Trials, and clinical trial registries were searched for random-
ized controlled trials (RCT) and observational cohort studies
from inception to November 2018. A total of 761 studies
were identified with 100 eligible for full-text review. Only ar-
ticles investigating the relationship between EA and mater-
nal fever during labor were eligible for inclusion. Study qual-
ity was assessed using the Cochrane’s Risk of Bias tool and
National Institute of Health Quality Assessment Tool. Two
meta-analyses — one each for the RCT and observational co-
hort groups - were performed using the random-effects

model of Mantel-Haenszel to produce summary risk ratios
(RR) with 95% Cl. Results: Twelve RCTs and 16 observational
cohort studies involving 579,157 parturients were included.
RRs for maternal fever for the RCT and cohort analyses were
3.54 (95% Cl 2.61-4.81) and 5.60 (95% Cl 4.50-6.97), respec-
tively. Meta-analyses of RR for maternal infection in both
groups were infeasible given few occurrences. Meta-analysis
of data from observational studies showed an increased risk
for maternal antibiotic treatment in the epidural group (RR
2.60; 95% Cl 1.31-5.17). For both analyses, neonates born to
women with an epidural were not evaluated more often for
suspected sepsis. Neither analysis reported an increased rate
of neonatal bacteremia or neonatal antibiotic treatment af-
ter EA, although data precluded conclusiveness. Conclu-
sion: EA increases the risk of intrapartum fever and maternal
antibiotic treatment. However, a definite conclusion on
whether EA increases the risk for a proven maternal and/or
neonatal bacteremia cannot be drawn due to the low qual-
ity of data. Further research on whether epidural-related in-
trapartum fever is of infectious origin or not is therefore

needed. © 2020 The Author(s)
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Background

Over the past 2 decades, epidural analgesia (EA) has
evolved to become one of the most commonly used meth-
ods of pain relief during labor [1]. Despite its effectiveness
as an analgesic, recent studies have suggested a strong
causal relationship between EA and the development of
intrapartum fever (238°C) [2]. Because intrapartum fe-
ver is a possible indicator for neonatal morbidity and
mortality, neonates of febrile parturients are often evalu-
ated and treated for a presumed early-onset neonatal sep-
sis as a safeguard against a not otherwise specified intra-
partum infection [3, 4]. Unfortunately, the mechanisms
by which intrapartum fever develops as a result of EA
remain insufficiently understood [1]. Numerous studies
demonstrate that maternal fever during labor is likely me-
diated by a noninfectious inflammatory component and
that various circumstantial factors such as nulliparity, dif-
ficulty of labor, and prolonged ruptured membranes col-
lectively contribute to its development [3]. The question
as to whether epidural-related intrapartum fever is of in-
fectious origin is therefore pertinent. We aim to evaluate
the effect of EA on the rate of intrapartum fever, neonatal
sepsis evaluations, maternal and/or neonatal bacteremia,
and maternal and/or neonatal antibiotic treatment. Our
interest mainly lies in examining whether maternal fever
during labor increases the risk for neonatal and maternal
sepsis as this will provide evidence about whether subse-
quent antibiotic treatment for a presumed perinatal in-
fection is warranted. A systematic literature search with
meta-analysis was performed to evaluate the available ev-
idence on the effect of epidural-related intrapartum fever
on adverse maternal and neonatal outcomes.

Methods

Study Design

This systematic review and meta-analysis is reported in accor-
dance with the Preferred Reporting Items for Systematic Review
and Meta-Analysis Protocols statement [5]. A protocol was regis-
tered in the PROSPERO international prospective register of sys-
tematic reviews (record number: CRD42017081244, available at
www.crd.york.ac.uk.prospero).

Sources and Study Selection

The electronic databases OVID MEDLINE, OVID Embase, the
Cochrane Library including the Cochrane Controlled Register of
Trials, and the clinical trial registries ClinicalTrials.gov, trialregis-
ter.nl and clinicaltrialsregister.eu, were searched from inception to
November 2018 using various controlled search terms (including
MeSH-terms) and text words for labor EA with additional terms
for antibiotics, fever, infection, or inflammation. Additionally, we
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searched for randomized controlled trials (RCT) comparing the
effects of epidural versus intravenous/patient-controlled anesthe-
sia to screen for data on fever and antibiotic use in full-text. No
language or date restrictions were applied. Reference lists and cit-
ed publications from the selected articles were also cross-checked
via Web of Science. All citations were imported into Endnote after
which duplicate records were removed.

AllRCTs and observational cohort studies investigating the re-
lationship between EA and maternal fever during labor were eli-
gible for inclusion. Case-control studies as well as systematic or
literature reviews were excluded. After being initially selected
based upon our primary outcome measure, studies reporting ad-
ditional maternal and/or neonatal outcomes such as neonatal sep-
sis evaluations, maternal and/or neonatal bacteremia, and antibi-
otic treatment rates were also assessed. The primary outcome of
interest is the development of maternal fever during labor after EA
versus non-EA. Secondary outcomes include the incidence of neo-
natal sepsis work-ups, maternal and/or neonatal infection, and
maternal and/or neonatal antibiotic treatment. All citations were
independently screened at the title and abstract level and subse-
quently reviewed in full-text by 2 members of the review team (S.J.
and V.B.).

Data Extraction

All data extraction was performed independently by 2 mem-
bers of the review team (S.]. and V.B.) using the systematic review
management tool Covidence (https://www.covidence.org). The
following data were extracted from all selected articles: name of
first author, journal and year of publication, geographical area,
study design, sample sizes of each treatment arm, participant char-
acteristics (parity, gestational age at delivery), and primary and
secondary outcomes.

Statistical Analysis

Two meta-analyses, one for the RCT group and one for the ob-
servational cohort group, were performed and categorized by the
type of outcome investigated. Data were meta-analyzed to calcu-
late a summary risk ratio (RR), 95% CI, and p value. p < 0.05 was
regarded as significant. For each outcome, the individual effects
and pooled mean effect size were summarized in a forest plot.

A random-effects model using Mantel-Haenszel’s method for
dichotomous data and DerSimonian and Laird’s method for the
Tau? estimation was used. Heterogeneity of effect sizes was quan-
tified using the I? statistic, representing the total variation across
studies due to heterogeneity as opposed to random study sampling
error. According to the Cochrane Handbook, no observed hetero-
geneity is denoted with a value of 0%, while increasing heterogene-
ity is represented with larger values, where <40% is low, 30-60% is
moderate, 50-90% is substantial, and 75-100% is high [6]. A con-
tinuity correction of 0.5 was applied to all 4 cells of the contingen-
cy table for studies in which zero events were present in one or both
treatment arms. Funnel plots were computed to assess the poten-
tial role of publication bias with standard error on the vertical axis
and effect size on the horizontal axis. Studies in which publication
bias is absent are expected to be distributed symmetrically around
the pooled summary measure. In the presence of bias, smaller
studies lacking “positive” results will be underrepresented, result-
ing in an asymmetrical distribution of the mean. Egger’s regression
test was performed to quantitatively assess the presence of funnel
plot asymmetry.
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All statistical analyses were performed using the Meta and Results

MetaFor packages of the research synthesis tool R (version 3.4.3,
https://www.r-project.org).

Risk of Bias and Quality of Evidence Assessment

Two authors (S.J. and V.B.) independently assessed the meth-
odological quality of each selected article using the Cochrane’s
risk-of-bias (RoB 2.0) tool [7] for RCTs and a modified version of
the National Institute of Health Quality Assessment Tool for ob-
servational cohort studies [8]. The 5 criteria from the RoB tool
included: bias arising from the randomization process, deviations
from intended interventions, missing outcome data, inadequate
measurement of the outcome, and selective reporting of the re-
sults. We slightly modified the National Institute of Health Qual-
ity Assessment Tool by broadening the number of criteria each
study had to meet within the quality rating section to accommo-
date any potential concerns extending across multiple domains.
Each RCT was rated as having either a “low,” “high,” or “unclear”
RoB, while each cohort study was rated as having either a “good,”
“fair,” “poor,” or “very poor” overall quality. Any incongruities
between the 2 reviewers was resolved by discussion and, where
necessary, arbitration by a (fixed) third member of the review
team. No study was excluded based on RoB.

The quality of evidence was independently assessed by 2 review
authors (S.]. and V.B.) for each outcome within the RCT and ob-
servational cohort analyses using Cochrane’s GRADE approach
[9]. According to the GRADE methodology, the baseline quality
rating for RCTs is “high” and for non-RCTs “low.” A judgment
was made based upon 5 quality assessment criteria, after which the
ratings were either downgraded or upgraded [9, 10]. In the pres-
ence of no serious concerns, the baseline quality was not down-
graded. Evidence was downgraded 1 or 2 levels in the presence of
a serious or very serious concern, respectively.

Epidural-Related Intrapartum Fever and
Maternal and Neonatal Morbidity

The study selection procedure is summarized in Fig-
ure 1. A total of 761 articles were identified by our search
from inception to November 2018. After screening at the
title and abstract level, 100 articles were deemed eligible
for further review in full-text. Twenty-eight articles met
the predetermined inclusion criteria. Main reasons for
exclusion were ineligible study design, article not being
available in full-text, and outcome measures outside our
aim. Arbitration by the third member of the review team
was not necessary for any of the included articles.

Characteristics of Included Studies

The main characteristics of each analyzed study are
listed in Table 1. A total of 28 studies were included: 12
RCTs involving 5,137 parturients and 16 observational
cohort studies involving 574,020 parturients. The major-
ity of studies enrolled low-risk women with full-term
pregnancies. Three studies [11-13] recruited low-risk
women with preterm gestations, 1 study [14] recruited
only women with an intermediate to high obstetric risk,
and 1 study [15] consisted of parturients with pregnancy-
induced hypertension. Ten studies enrolled only nullipa-
rous women, while the remaining 18 enrolled women of
mixed parity. All studies were written in the English lan-
guage and over half were based in the United States of
America (Table 1).
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Risk of Bias

The RoB was considered “low” for 1 trial, with the re-
maining 11 trials annotated as “unclear”. The 2 principle
sources of bias were lack of blinding of participants and
those delivering the intervention, as well as lack of adher-
ence to the assigned intervention. Only 5 [14-18] of the 8
trials [13-20] in which a considerable amount of protocol
deviations occurred implemented an appropriate correc-
tive analysis (i.e., intention-to-treat analysis) to provide
an unbiased estimate of the intervention effect. Quality
assessment of the observational cohort studies revealed
that 2 studies were of very poor quality, with 7 being of
poor and another 7 of fair quality. Main sources of bias
included lack of sample size justification, inadequate
blinding of outcome assessors, and lack of information
regarding dropout rate. Another important source of bias
was the lack of adjustment for potential confounding fac-
tors (i.e., nulliparity, prolonged rupture of the mem-
branes, and duration of labor), which may have led to a
falsely positive association between EA, maternal fever,
and maternal infection.

Meta-Analysis of RCT

Within the meta-analysis of the RCTs, women with EA
were more likely to develop intrapartum fever compared
with women without EA (RR 3.54; 95% CI 2.61-4.81; p <
0.0001; Fig. 2a). Maternal infection was studied in only 1
small RCT of 70 patients, in which no cases of confirmed
maternal bacteremia were reported in both the epidural
and the nonepidural groups [21]. Women with EA were
over twice as likely to be treated with antibiotics postpar-
tum (RR 2.09; 95% CI 0.70-6.22; p = 0.18; Fig. 2b), al-
though this result is not statistically significant. The dif-
ference in diagnostic work-up of the neonate was not
found to be different between the groups (RR 1.43; 95%
CI 0.43-4.78; p = 0.56; Fig. 2¢). No association was found
between EA and an increased risk of neonatal sepsis (RR
0.56; 95% CI 0.08-3.91; p = 0.55; Fig. 2d) nor were infants
born to women with EA more likely to be treated with
antibiotics (RR 1.43; 95% CI 0.43-4.78; p = 0.56; Fig. 2e),
although these conclusions are not entirely conclusive
due to lack of precision of the estimates. Finally, the I? of
59% for the outcome maternal fever indicates a substan-
tial amount of variation across studies.

GRADE Assessment

According to the GRADE assessment, the quality of
evidence for the RCT analysis is very low for all secondary
outcomes due to moderate risks of bias, general lack of
precision of the estimate of effects, and likely presence of
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publication bias. The primary outcome has a similar very
low quality of evidence, largely due to the high RoB and
inconsistency of results as a result of inadequate blinding
of treatment allocation and outcome accessors as well as
substantial heterogeneity.

Meta-Analysis of Observational Cohort Studies

Within the cohort meta-analysis, the incidence of ma-
ternal fever during labor was again significantly higher in
the epidural group compared to the nonepidural group
(RR 5.60; 95% CI 4.50-6.97; p < 0.0001; Fig. 3a). None of
the 3 studies [11, 22, 23] that investigated maternal infec-
tion reported any proven sepsis cases via a positive blood
culture. Women with EA were, however, more frequent-
ly treated with antibiotics (RR 2.60; 95% CI 1.31-5.17;
p =0.0065; Fig. 3b). No difference in the risk of a diagnos-
tic workup of the neonate was found between the groups
(RR 2.64; 95% CI 0.91-7.68; p = 0.07; Fig. 3c), nor were
neonates born to women with an epidural at a higher risk
of being subjected to antibiotic treatment (RR 2.25; 95%
CI 0.73-6.69; p = 0.15; Fig. 3d). We also found no asso-
ciation between epidural use and the occurrence of neo-
natal bacteremia (RR 1.12; 95% CI 0.47-2.69; p = 0.79;
Fig. 3e). In contrast to the RCT analysis, substantially
larger degrees of heterogeneity were detected for the pri-
mary and most secondary outcomes, indicating substan-
tial study variation due to potential confounding factors.
Unfortunately, further sub-analyses regarding nulliparity
and duration of ruptured membranes as an attempt to
reduce the effect of confounding factors were infeasible
due to lack of supporting data.

GRADE Assessment

According to the GRADE assessment, the quality of
evidence for the observational cohort analysis is very low
for 3 of the 4 secondary outcomes due to moderate risks
of bias, substantial levels of heterogeneity, relatively weak
precision of the estimate of effects, and possible presence
of publication bias. Because of its narrower confidence
interval, one secondary outcome (neonatal sepsis) was
only downgraded 2 levels. Despite having a large effect
size, the quality of evidence for the primary outcome can
only be considered as very low due to the potential effects
of confounding and substantial degree of heterogeneity.

Publication Bias

Funnel plots were created only for the primary out-
come, but separately for the RCTs and observational co-
hort studies. Despite the apparent asymmetry in both
funnel plots through visual inspection, formal testing us-
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ing Egger’s regression test revealed no evidence of publi-
cation bias (RCT maternal fever, p = 0.55, cohort mater-
nal fever, p = 0.65).

Discussion

Main Findings

We conducted a systematic review and meta-analysis
to evaluate the effect of EA on adverse maternal and neo-
natal outcomes. Consistent with previous research [24,
25], we found an association between EA and intrapar-
tum fever. Only within the meta-analysis of the observa-
tional cohort studies were mothers treated more often
with antibiotics. The lack of an association between EA
and neonatal bacteremia and antibiotic treatment can be
explained by the limited power of our analysis due to the
small number of inadequately conducted, biased studies
with low numbers of occurrences. This precludes a reli-
able conclusion regarding the power of antibiotic treat-
ment of the neonate for the prevention of a neonatal sep-
sis in the setting of epidural-related intrapartum fever.

Interpretation

While most discussions regarding epidural-related in-
trapartum fever focus on the potential presence of an in-
trapartum infection, whether intrapartum fever is of in-
fectious origin remains unknown [25]. Various explana-
tions postulating the role of other factors in the
development of epidural-related intrapartum fever have
emerged. Substantial evidence suggests that maternal in-
flammation is a factor. A study that investigated the as-
sociation between EA and potential markers for intrapar-
tum infection (i.e., maternal fever and placental inflam-
mation) found that women in the epidural group were
more likely to develop fever (>38°C; 46 vs. 26%) and have
histological signs of placental inflammation [26]. How-
ever, since in the absence of placental inflammation there
was no clear correlation between EA and intrapartum fe-
ver, fever in the absence of placental inflammation is not
likely associated with EA. A study that investigated the
role of noninfectious inflammatory factors in the devel-
opment of epidural-related fever randomized afebrile
nulliparous women with EA to receive either acetamino-
phen or a placebo [27]. Fever (>38°C) occurred in 23.8%
of all women and did not differ between the intervention
and control groups. Nevertheless, increasing duration of
EA was associated with increasing serum levels of mater-
nal IL-6 and IL-8. Women who would develop fever were
found to have higher IL-6 levels at the time of admission

Epidural-Related Intrapartum Fever and
Maternal and Neonatal Morbidity

compared with afebrile women and more likely to have
additional risk factors for intrapartum infection (i.e., pro-
longed ruptured membranes, cervical examinations,
etc.). These results suggest that women with an epidural
and fever may already have an elevated inflammatory
state prior to the epidural.

The method in which analgesia is administered is an-
other potential factor in the development of maternal fe-
ver during labor. Mantha et al. [28] randomized women
to receive either intermittent or continuous EA, includ-
ing fentanyl for both groups. Women in the intermittent
group had a lower incidence of fever (>38°C) in the first
4 h of labor compared with the continuous group (5 vs.
23%), although the effect was no longer significant there-
after. A possible explanation as given by the authors is
that intermittent bolus administration of EA allowed for
heat loss mechanisms to recover in between each injec-
tion and provided a protective effect against maternal fe-
ver during labor.

Inconsistency in obstetric management may influence
the association between EA and intrapartum fever, even
in adequately conducted clinical trials. In a secondary
analysis of a RCT in which women were randomized to
receive either EA or intravenous meperidine, women
with fever (238 °C) were more likely to have prolonged
labors, more internal fetal monitoring, and more oxyto-
cin augmentation [29].

Duration of exposure to EA has also been suggested to
be associated with the development of intrapartum fever.
A study that investigated the effect of EA on the rate of
maternal fever during labor, neonatal sepsis evaluations,
and antibiotic treatment found that the proportion of
women with fever increased from 7% for labors <6 h in
duration to 36% for labors >18 h in duration after an epi-
dural [30]. In contrast, the rate of fever in women without
an epidural remained low independent of the length of
labor [30]. Similarly, a more recent observational study
[31], which investigated the effect of epidural-related ma-
ternal fever during labor on adverse maternal and neona-
tal outcomes found that women who had received an epi-
dural for >6 h had a significantly higher risk of develop-
ing intrapartum fever compared to women who had
received an epidural for <6 h (RR 5.23 vs. 1.73, p < 0.001)
[31]. Moreover, exposure to EA for >6 h was associated
with a higher risk of maternal antibiotic treatment, albeit
there being no increased risk of adverse neonatal out-
comes (i.e., Apgar score <7 at 1 min, fetal distress, admis-
sion to neonatal ward, length of admission, assisted ven-
tilation, neonatal infection, antibiotic treatment, and hy-
perbilirubinemia) [31]. Thus, these findings again support

Neonatology 2020;117:259-270
DOI: 10.1159/000504805

267



the potential role of noninfectious inflammation in the
development of epidural-related maternal fever.

A final point of interest is the extent to which the mag-
nitude of intrapartum fever is predictive of the risk of an
underlying infectious etiology. Even though clinical and
laboratory signs are more reliable predictors of serious
illness than the height of fever, evidence has shown that
hyperpyrexia is associated with more complicated disease
[32]. In a study investigating the effect of different epidur-
al-related temperature heights during labor on the risk of
neonatal infection found that the neonatal infection risk
increased from 4.9% in women with low-grade fever
(<38.5°C) to 10% in women with high-grade fever [33].
In the current meta-analysis, definitions of maternal fever
during labor reported by the included studies varied be-
tween 237.5 and >38°C, without further specification on
individual recorded temperatures. It is therefore plausi-
ble that the majority of parturients merely reached a max-
imum intrapartum temperature of 37.5-38°C, with only
a few women attaining temperatures of 240°C and there-
by having a higher risk of a potential underlying infection.
Identifying a threshold for epidural-related intrapartum
hyperthermia above which a potential risk of maternal
and/or neonatal infection is increased could help limit
unnecessary exposure to antibiotic treatment.

Strengths and Limitations

To our best knowledge, this is the first meta-analysis
that has comprehensively evaluated the effect of epidural-
related intrapartum fever on both maternal and neonatal
outcomes simultaneously. To increase the reliability of
our results, we also conducted separate meta-analyses for
each study type. Nevertheless, some limitations in our
systematic review still remain. First, most evidence for the
correlation between EA and maternal fever during labor
is derived from retrospective observational studies in
which EA was given upon request. Many of these studies
are thus limited by selection bias [34], as women who
choose EA may already be inherently at risk for the devel-
opment of intrapartum fever due to factors including nul-
liparity, prolonged duration and/or difficulty of labor,
premature rupture of the membranes, and increased in-
trapartum cervical examinations [24, 35, 36]. The most
appropriate way to isolate the effect of EA would be by
performing an RCT or by correcting for potential con-
founding factors using multivariate logistic regression.
Second, we were unable to evaluate the association be-
tween EA and maternal infection due to the lack of a con-
sensus definition for maternal infection among the in-
cluded studies. Although maternal infection is generally
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documented by positive cultures of biologic fluids (blood
and amniotic fluid), most studies either equated maternal
fever to chorioamnionitis or relied upon the presence of
placental inflammation without the performance of bac-
terial cultures. Moreover, some evidence has even sug-
gested the possible presence of “sterile chorioamnionitis”
or placental inflammation without infection. A secondary
analysis of low-risk women found that the association be-
tween fever and histologic chorioamnionitis was present
in women with and without EA [37]. The overall rate of
infection among those with histologic chorioamnionitis
was only 5%, supporting the role for a noninfectious in-
flammatory process. The diverging definitions of mater-
nal infection between studies may explain the frequent
initiation of antibiotic treatment based on suspicion rath-
er than objectified markers of infection. Similarly, the sig-
nificant incongruity among studies regarding the defini-
tion of neonatal sepsis may explain the large variation in
treatment management of the neonate. Even though the
“gold standard” for diagnosing neonatal sepsis is the pres-
ence of a positive blood culture, only 3 studies [16, 30, 38]
implemented this diagnostic measure, while the remain-
ing studies [18, 21, 26] either relied upon nonspecific clin-
ical signs and symptoms (i.e., “suspected” sepsis) or did
not mention the diagnostic procedure. Third, a substan-
tial amount of protocol noncompliance was reported for
the nonepidural groups in several RCTs [13-18, 20]. Be-
cause cross-overs commonly occur as a result of inade-
quate pain relief due to complicated labors, this may have
led to an overestimation of the association between EA
and intrapartum fever. Finally, the majority of the includ-
ed studies are underpowered, yielding statistically weak
results and considerable heterogeneity for most second-
ary outcomes. In particular, although no infant developed
abacteremia in the RCT analysis, 19 of the 22 infants who
developed a bacteremia in the cohort analysis derived
from only 1 study [38], illustrating the lack of power of
this analysis to draw a definite conclusion.

Until now, epidural-related maternal fever remains a
poorly understood physiologic phenomenon, even
though its postpartum clinical management necessitates
proper attention. While some studies indicate that intra-
partum fever is associated with clinical depression of the
neonate, including hypotonia, low Apgar scores, and the
need for assisted ventilation, there has been no docu-
mented increased risk for neonatal sepsis [39]. Given our
limited ability to reliably distinguish the need to initiate
and cease antibiotic treatment, it is plausible that overex-
posure to antibiotics is rising, with concomitant increases
in antibiotic resistance and health care costs. Although we
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were not able to conclude that there was no neonatal bac-
teremia as a result of EA, prudent antibiotic treatment
and more accurate prediction models of neonates at risk
for sepsis are warranted.

Conclusion

This systematic review demonstrates that EA is associ-
ated with intrapartum fever. Although an increased risk
of maternal and neonatal bacteremia was not observed,
the quality of evidence was insufficient for all investigated
outcomes. Nevertheless, without confirmation of a true
infectious inflammatory process, neonatal sepsis evalua-
tions and antibiotic treatment may be avoidable. A large
RCT investigating the effectiveness of antibiotic treat-
ment in the prevention of maternal and neonatal bactere-
mia in the setting of epidural-related intrapartum fever is
therefore warranted. Adjustments to current obstetric
and pediatric protocols can be made by identifying the
appropriate diagnostic criteria in a clinically relevant
time frame for the diagnosis and treatment of neonatal
sepsis.
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