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Background: We aimed to explore the factors leading to epidural-related maternal fever and the influence of intrapartum
fever on neonates.

Material/Methods: A retrospective analysis was performed on data from pregnant women who received epidural analgesia dur-
ing labor. The primary aim was to determine the influence of epidural labor analgesia on the incidence of in-
trapartum fever in pregnant women. The secondary aim was to determine the influence of intrapartum fever
on neonates.

Results: Logistic regression analysis showed that premature rupture of membranes (OR=2.008, 95% Cl: 1.551-2.600),
vaginal examination performed more than 6 times (OR=1.681, 95% Cl: 1.286-2.197), long duration of labor
(OR=1.090, 95% Cl: 1.063-1.118), and long time from rupture of membranes to delivery (OR=1.048, 95% Cl:
1.010-1.087) were all risk factors for intrapartum fever in pregnant women with epidural labor analgesia.
Regarding the secondary research outcome, the incidence of intrapartum fever was significantly associated
with the number of neonates with Apgar score of 10 delivered from pregnant women with epidural labor anal-
gesia (P<0.05). There was no statistically significant difference in the transfer rate of newborns to the Neonatal
Intensive Care Unit (NICU) (P>0.05).

Conclusions: Premature rupture of membranes, vaginal examination performed more than 6 times, long duration of labor,
and long time from rupture of membranes to delivery are all factors raising the risk of fever during epidural
labor analgesia. Although intrapartum fever in the mothers had a significant influence on the number of neo-
nates with Apgar score of 10, it did not affect the outcome of neonates in terms of NICU transfer rate.
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Background

Epidural analgesia is regarded as the criterion standard for la-
bor analgesia, and has considerable analgesic effects. Compared
with other analgesic methods, epidural analgesia yields higher
levels of satisfaction in pregnant women [1]. In general, epi-
dural analgesia causes a reduction in body core temperature
due to peripheral vasodilatation [2]. However, epidural-relat-
ed maternal fever (ERMF) has been observed in multiple stud-
ies [3-5]. Approximately 20% to 30% of pregnant women who
receive epidural labor analgesia will develop intrapartum fe-
ver. Although the mechanism underlying ERMF is not known,
several studies suggest a non-infectious cause [6,7]; for ex-
ample, an exaggerated non-infectious inflammatory response
by proinflammatory cytokines in women laboring with an epi-
dural [6]. Kozlov [8] recently proposed a role for the TRPV1 re-
ceptor (also known as the capsaicin receptor). The author hy-
pothesized that local anesthetics act as agonists/antagonists
at this receptor, that antagonist actions may cause hyperther-
mia through changes in thermoregulation, and that agonist
actions may cause the release of IL-6 and other inflammatory
cytokines, which are known to cause fever. In a word, these
studies support the potential involvement of non-infectious
inflammation. ERMF may lead to poor pregnancy outcomes
and increase the incidence of neonatal complications [9,10].
Accumulating evidence has confirmed that epidural analge-
sia is independently responsible for maternal fever during la-
bor [6,11]. What are the other risk factors besides epidural
analgesia? Here, we carried out a retrospective analysis of a
large number of pregnant women to identify the factors that
induce fever during the administration of labor analgesia. Our
intention was to provide reference guidelines to help physi-
cians take appropriate measures to reduce the adverse effects
of fever during labor.

Material and Methods

Study Design, Setting, and Population

This was a retrospective study carried out in our hospital that
reviewed the risk factors associated with ERMF and evaluat-
ed the influence of intrapartum fever on neonates. Ethics ap-
proval for this study was provided by the institutional review
board of the Third Affiliated Hospital of Zhengzhou University,
Zhengzhou, China (Approval number: 2020); the requirement
for informed consent was waived. The study was carried out
between January 2019 and October 2019. The included pa-
tients were pregnant women who fulfilled the inclusion crite-
ria (below) and had received epidural analgesia during labor.
The included patients were divided into 495 pregnant wom-
en who had a fever during labor (Group F) and 1556 pregnant
women who had a normal temperature during labor (Group C).
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The inclusion criteria were as follows: (1) singleton, vertex pre-
sentation, full-term pregnancy; (2) voluntary choice of epidural
labor analgesia; (3) vaginal delivery assisted by the obstetrician;
(4) pregnant but without the use of nonsteroidal analgesics in
the delivery room; (5) American Society of Anesthesiologists
(ASA) physical status Il or Ill.

Pregnant women were excluded for the following reasons: (1)
baseline body temperature in the delivery room was higher
than 37.5°C; (2) metabolic diseases such as gestational dia-
betes, hypothyroidism, or hyperthyroidism; (3) lower genital
tract infection or upper respiratory tract infection; (4) placen-
tal pathology examination results indicating a diagnosis of
chorioamnionitis; (5) cesarean section due to emergency sit-
uations such as fetal distress during labor; (6) electronic re-
cords were not complete.

Analgesia Methods

By evaluating the regular contractions of each pregnant wom-
an, the attending obstetrician determined those who could
deliver vaginally and enter the delivery room for labor. An in-
travenous line was placed in one of the upper arms, and mater-
nal blood pressure was monitored in the other arm. Maternal
heart rate was monitored as well as fetal heart rate. Epidural
labor analgesia was administered according to the needs of
each pregnant woman at any time point. For this, the preg-
nant women were placed in left lateral decubitus position. We
then performed an epidural puncture in the L,_, intervertebral
space. We then fitted a reinforced epidural catheter and in-
jected 5 ml of 1.5% chloroprocaine with 1: 200 000 adrena-
line. The pregnant women were then observed for 5 min. If
the pregnant women did not show any adverse reactions dur-
ing this observation period, we then started the electronic pa-
tient-controlled epidural analgesia pump. The analgesia pump
delivers 240 ml of 0.08% ropivacaine and 0.4 pg/ml sufent-
anil. The model of patient-controlled epidural analgesia (PCEA)
was adopted. The PCEA mode settings were as follows: The
first dose was 6-10 ml/instance, the loading dose was 6 ml/h,
the lock-out interval was 20 min, and the single supplementa-
ry patient-controlled analgesia (PCA) dose was 5 ml/instance.
During the first and second stages of labor, we kept the level
of analgesia no higher than T, . After the third stage of labor,
we set the analgesia pump to a background infusion dose of
6 ml/h and cancelled the PCA dose; this allowed us to inhib-
it the pain associated with uterine contraction after delivery.
Finally, the epidural catheter was removed after all the pre-
pared solutions had been used up.

Data Collection

All data were acquired from the electronic medical records sys-
tem of the Third Affiliated Hospital of Zhengzhou University,
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including age, height, weight, gestational time in weeks, body
temperature, length of labor process, membrane rupture mode
and time to delivery, number of vaginal examinations, dilatation
of the uterine cervix during epidural labor analgesia, duration
of labor, amniotic fluid status, weight of newborn, and the use
of oxytocin. Body mass index (BMI) and the duration of anal-
gesia were calculated by the researchers. (The time of epidur-
al labor analgesia refers to the interval between the timepoint
at which the pregnant woman first received the epidural anal-
gesia and the timepoint at the end of her third stage of labor).

Exposure

Monitoring and temperature evaluations of the pregnant wom-
en were conducted as follows. After a 30-min rest period in
the delivery room, we began a series of temperature measure-
ments. The temperature of the tympanic membrane was mea-
sured using an infrared cochlear thermometer at 1-h intervals
for 2 h after delivery. The probe was placed into the external
auditory canal; the tympanic membrane is directly opposite
this location. If the body temperature during this time period
exceeded 37.5°C, then a diagnosis of intrapartum fever was
made, and we carried out physical cooling and asked the preg-
nant woman to drink more water. If the body temperature ex-
ceeded 38.5°C, then we removed 5 ml of venous blood as a
sample for routine blood tests and a C-reactive protein test.
If there was obvious infection, then antipyretics were used as
a treatment option. We monitored the effects of drug treat-
ment and whether any adverse reactions occurred. We then
sent the placenta to the pathology department for pathologi-
cal examination. The temperature of the labor room and deliv-
ery room was 20-24°C and the relative humidity was 45-60%.
Pregnant women who developed fever during labor analgesia
were designated as group F, whereas those who did not were
designated as group C.

The vital signs of all the pregnant women were monitored
closely, along with changes in fetal heart rate. The attending
obstetrician selected the mode of delivery according to the
fetal heart rate, the progression of labor, the position of the
fetus, and the downward movement of the fetal head. Cases
involving fetal distress and other emergencies were treated
immediately by cesarean section to terminate the pregnan-
cy. (The indications for fetal distress were strictly observed.)

Outcomes

The main outcomes were: duration of labor, premature rup-
ture of membranes, time from rupture of membranes to deliv-
ery, number of vaginal examinations, dilatation of the uterine
cervix during epidural labor analgesia, delivery times, amni-
otic fluid status, weight of the newborn, use of oxytocin, BMI,
and the duration of epidural analgesia. The secondary outcome
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Figure 1. Flow diagram of the study.

was the influence of intrapartum fever on the neonate, includ-
ing Neonatal Intensive Care Unit (NICU) admission rate and
Apgar scores of 10 at 1 min and 5 min.

Statistical Analysis

SPSS version 21.0 statistical software was used for all statis-
tical analyses. The K-S test was used to test raw data for nor-
mality. Data that were normally distributed were expressed as
meantstandard deviation (y+s) and compared using an inde-
pendent-samples t test. Data that were not normally distrib-
uted were expressed as median (M) and inter-quartile inter-
val (/QR); these data were compared using a Mann-Whitney
U test. Numerical data (counts) were expressed as rates and
compared using the chi-squared test. Risk factors were ana-
lyzed by binary logistic regression. Significant independent vari-
ables were then included in our multivariate logistic regression
analysis. P<0.05 was considered to be statistically significant.

Results

Pregnant Women t Test Characteristics

The Figure 1 shows the flow diagram of the study. A total of
2493 pregnant women utilized labor analgesia in our facili-
ty during the study period. After excluding 346 of them, 2147
pregnant women were eligible for the study. Among these, 48
had missing data. In the end, 2051 pregnant women were in-
cluded in the analysis.

General information relating to the pregnant women involved
in this study is given in Table 1. There were no significant dif-
ferences between group F and group C (P>0.05). A compari-
son of the risk factors for fever between the 2 groups of preg-
nant women is presented in Table 2.
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Table 1. Comparison of general information for the pregnant women in the F group and the C group.

Parameter Group F (n=495) Group C (n=1556) P value
Age, years, meantSD 29.1+3.5 28.9+3.5 0.355
| Weight, Kg meanssD 69883 69887 0948
Meight, cm, meanss 1622845 1626144 0057
 Gestational age, weeks, meantsD s1:09 s1:10 0702
SD - standard deviation.
Table 2. Comparison of the risk factors for fever between the 2 groups of pregnant women.
Parameter Group F (n=495) Group C (n=1556) P value
Duration of labor, h, mean+SD 15.0+6.5 11.346.1 0.000
Duration of epidural analgesia, h, meanssd  109:43 87159 | 0000
* Time from rupture of membrane to delivery, h, mean +SD 7437 69139 0000
:]i‘l;;t:iigg of uterine cervix during epidural analgesia, cm, 16£1.1 17411 0.219
_BMIof pregnant women, Kg/m?, meantSD 265829 265:30 0988
Nullparous women,n %) x6 @61 1318 (847) 0461
Neonates macrosomia,n %) 8 67 7 @9 053
Premature rupture of membranes, n (%) 92 @87 20 (54 0000
 Amniotic fluid pollution, n %) o7 (%6 26 (165 0107
CUseofowytocinn (e 293 (92 861 (553) 0132
 Vaginal examination performed more than 6 times, n (%) 200 (404 53 (344) 0016

BMI — body mass index’ SD — standard deviation.

We then analyzed the risk factors for fever in the 2 groups
and made comparisons using the independent-samples ¢ test.
There were statistically significant differences between the F
group and the C group with regard to duration of labor, time
from rupture of membranes to delivery, duration of epidur-
al labor analgesia, the proportion of cases involving prema-
ture rupture of the membranes, and the proportion of cases
involving vaginal examination performed more than 6 times
(P<0.05). There were no significant differences between the F
group and C group with regard to BMI, the proportion of nul-
liparous women, the proportion of pregnant women receiving
oxytocin, the proportion of women who underwent dilatation
of the uterine cervix during epidural analgesia, or the propor-
tion of newborns with macrosomia and pollution of the am-
niotic fluid (P>0.05).

Logistic regression analysis of the risk factors for intrapartum
fever is presented in Table 3. Taking intrapartum fever as the
dependent variable, the independent-samples t test identified
several significantly associated variables: duration of labor,

time from rupture of membranes to delivery, duration of epi-
dural labor analgesia, premature rupture of the membranes,
and vaginal examination performed more than 6 times. These
significant independent variables were then included in our
multivariate logistic regression analysis. The results showed
that premature rupture of membranes, vaginal examination
performed more than 6 times, long duration of labor, and long
time from rupture of membranes to delivery were all identified
as risk factors for fever during labor; however, long duration of
epidural analgesia was not identified as a risk factor for fever.

Finally, we compared the effect of fever on the neonates, be-
tween the 2 groups of pregnant women; these data are pre-
sented in Table 4. There were no significant differences be-
tween the 2 groups with regard to NICU admission rate (P>0.05).
However, the number of neonates with Apgar scores of 10 at
1 min and 5 min was significantly lower in group F than in
group C (P<0.05).
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Table 3. Logistic regression analysis of the risk factors for intrapartum fever.

Parameter 0Odds ratio 95% Confidence intervals P value
Premature rupture of membranes, n 2.008 1.551-2.600 0.000
 Vaginal examination performed more than 6 times,n  1e81 12862197 0000
Duration oflaboth 100 10631118 0000
Time from rupture of membranes to delivery,h 1048 10101087 0013
Duration of epidural analgesiah 1007 0978103 0654
Table 4. The effect of fever between the 2 groups of pregnant women with regards to neonates.
Parameter Group F (n=495) Group C (n=1556) P value
NICU admission, n (%) 94 (19.0) 264 (17.0) 0.302
* Number of neonates with Apgar score of 10 at 1 minute, n (%) 379 (766) 1241 (798) 0018
© Number of neonates with Apgar score of 10 at 5 min,n (%) 401 (81.0) 1331 (855) 0015

NICU — Neonatal Intensive Care Unit.

Discussion

With the increased popularization of labor analgesia, ERMF has
begun to attract significant attention from obstetricians and
anesthesiologists. In 1989, Fusi [5] was the first to propose
that epidural labor analgesia was closely associated with fe-
ver in pregnant women, although the specific mechanism in-
volved remained unclear. Our present results identified several
risk factors for intrapartum fever: premature rupture of mem-
branes, vaginal examination performed more than 6 times,
long duration of labor, and long time from rupture of mem-
branes to delivery.

We found that long duration of labor and vaginal examina-
tion performed more than 6 times were both related to fever
during labor; these findings are similar to those in previous
research described by Curtin et al [11,12]. It is possible that
long periods of labor consume a greater proportion of phys-
ical resources. This may reduce immunity and thus increase
the likelihood of infection [13]. Excessive vaginal examina-
tions can lead to mechanical damage to the vaginal mucosa
and the destruction of the vagina’s natural protective barrier,
thus increasing the risk of infection and fever [14]. The pre-
mature rupture of membranes also results in a loss of fetal
protection. We found that the risk of intrapartum fever was
also associated with increased lengths of time between pre-
mature membrane rupture and fetal delivery. This increased
time serves to exacerbate exposure of the uterine cavity or
fetus to potential microbial threats, including those associat-
ed with vaginal infection [14].

Most scholars believe that prolonged periods of epidural an-
algesia increase the risk of fever during labor and that this

may be related to changes in the thermoregulatory center or
mechanisms associated with non-infectious inflammation or
the specific role of local anesthetics [15]. For example, epi-
dural labor analgesia can reduce heat dissipation by blocking
the sympathetic nerves and thus causing the contraction of
blood vessels above the level of analgesia. Epidural analge-
sia can also reduce pain, skeletal muscle activity, and respi-
ratory rate, and increase the threshold for sweating. Epidural
labor analgesia is not synchronous to cold and warm blocks;
these occur earlier, although cold stimulation continues to
operate. As a consequence, the thermoregulation center be-
gins to show biological changes that result in an increase in
body heat [16]. In the present study, we found that the dura-
tion of epidural analgesia in the F group was significantly lon-
ger than that in the C group, as determined by the indepen-
dent-samples t test. However, our logistic regression analysis
demonstrated that a long duration of epidural analgesia was
not a significant risk factor for fever during labor. This differ-
ence may be related to the active labor management policy in
our hospital. We also speculate that it may be related to the
low concentration of local anesthetics we use and the inter-
mittent pulse infusion of the analgesia pump. This view has
been supported in previous studies, many of which found that
duration of epidural analgesia is associated with intrapartum
fever in most cases in which high concentrations of local an-
esthetics were used, or in which the epidural analgesia pat-
tern was continuous [17-19].

In the present study, we determined that the rate of maternal
fever associated with epidural labor analgesia was approximate-
ly 20%. In a previous study, Segal et al [20] reported that mater-
nal fever can lead to a lower vaginal delivery rate and a high-
er incidence rate of neonatal disease. This may be related to
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an increase in heart rate, cardiac output, oxygen consumption,
and catecholamine release when pregnant women develop fe-
ver during childbirth [21], thus resulting in an increased uterine
temperature, abnormal fetal heat dissipation caused by the high
temperature environment, and adverse outcomes such as fetal
distress [22]. Collectively, these factors can increase the rate of
cesarean section in pregnant women. Among the neonatal com-
plications, the most noteworthy factors are that maternal fever
is related to low Apgar scores, high oxygen demand, a high sup-
plemental ventilation rate, hypotonia, and neonatal encephalop-
athy [23,24]. Although we did identify some effects on the num-
ber of neonates with Apgar scores of 10, we observed no other
serious complications; these findings are consistent with previ-
ous studies, such as that reported by Sharma et al [25]. However,
possible detrimental effects of maternal fever on the fetus have
been a subject of significant controversy [26].

There were limitations to the present study that should be
considered. For example, the investigators had no control over
the quality of the recorded temperature. Furthermore, there
are some other risk factors that were not included, such as
types and concentrations of local anesthetics. These were not
included because the types and concentrations of local anes-
thetics used in our hospital have not changed. The next step
is to proceed to a prospective study that includes neonatal
body temperature as an observational indicator.

Comfortable and safe delivery is the expectation of parturients
and the goal of maternal healthcare during delivery. The emer-
gence of epidural analgesia increased the possibility of achiev-
ing these goals. However, the potential adverse maternal and
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neonatal effects induced by intrapartum fever require further
investigation [27]. Although we found some risk factors asso-
ciated with ERMF, we can reduce the occurrence of ERMF by
controlling these factors. The mechanism of ERMF needs more
attention, which will be a long and difficult process. ERMF is a
noteworthy issue for which more attention is needed.

Conclusions

Our analysis identified several risk factors for fever during la-
bor in women receiving epidural analgesia: premature rup-
ture of membranes, vaginal examination performed more
than 6 times, long duration of labor, and long time from rup-
ture of membranes to delivery. Therefore, we should take ac-
tive measures to reduce the number of unnecessary vaginal
examinations, adopt strict asepsis measures, and make rea-
sonable use of oxytocin to reduce the time taken for the la-
bor process. We should also take steps to actively manage la-
bor to reduce the incidence of fever.
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