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We aimed to explore the association between epidural-related maternal fever (ERMF) and prognosis of parturients. 159 parturients who underwent vaginal delivery under labor epidural analgesia (LEA) received noninvasive continuous core body temperature monitoring. 122 of them completed the 42-day postpartum follow-up. Parturients with body temperature ≥38°C during labor were categorized as the Fever group, while the others were categorized as the No-Fever group. Compared to No-Fever group, Fever group had a greater proportion of primiparas, greater gestational age of parturients, and longer third stage of labor. The cesarean section and forceps delivery rates, and the amount of intrapartum hemorrhage in Fever group were significantly higher. There were no significant between-group differences with respect to puerperal infection, and amniotic fluid turbidity degree, neither significant between-group difference at 42-days postpartum. We found that ERMF was associated with some short-term outcomes. However, it showed no relation with long-term prognosis of the parturients at 42-days postpartum.
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Introduction

Intrapartum maternal fever, defined as oral temperature ≥38°C during childbirth (1), is known to be associated with increased incidence of postpartum adverse outcomes (2), such as prolonged labor, increased rate of instrumental delivery, early postpartum hemorrhage, and increased probability of placental retention (3). Labor epidural analgesia (LEA) is one of the most common non-infective cause of intrapartum maternal fever (4), and approximately 20% of pregnant women who receive LEA would have epidural-related maternal fever (ERMF) (5). LEA duration is corelated with ERMF; LEA greater than 6 h was shown to increase the risk of fever during labor (6). Whether ERMF needs intervention or not depends on the harm it causes to the mother and newborn. Therefore, a comprehensive understanding of the harmful effects of ERMF is of much clinical significance.

ERMF may further affect the prognosis of the parturient in the postpartum period by changing the delivery experience of the parturient and the outcomes of the newborn. However, whether ERMF affects the short-term and long-term prognosis of parturients is seldom reported. In this study, we investigated the short-term and long-term (42 days postpartum) outcomes of parturients who received LEA at a single center. The objective was to explore whether ERMF is associated with the short-term or long-term prognosis of parturients.



Materials and methods


Research population

This study was approved by the Ethics Committee of the Guangzhou Women and Children's Medical Center (Protocol number: 201939000) and registered at the Chinese Clinical Trial Registry (http://www.chictr.org.cn/edit.aspx; ID: ChiCTR1900025653; Principal investigator: Baisong Zhao; Date of registration: Sep 5, 2019). This study adhered to the STROBE reporting guidelines. This study recruited pregnant women who planned to give birth during daytime hours from 30 September 2019 to 31 December 2019 and came to our hospital for treatment. All participants provided written informed consent before the start of the trial.

The inclusion criteria were as follows: (1) parturients without fever before labor; (2) parturients with full-term singleton pregnancy (gestational age >37 weeks); (3) vaginal in-hospital delivery; (4) vertex presentation; (5) no risk of mother-to-child transmission of an infectious disease; (6) no suspected fetal coagulopathy; (7) parturients without prenatal vaginitis; and (8) willingness to use LEA and ability to provide informed consent. The exclusion criteria were: (1) both upper extremities required for venous access; (2) absence of both upper limbs; (3) history of severe heart disease like myocardial infarction, heart failure; (4) history of severe infectious diseases such as maternal hepatitis, or HIV infection; (5) history of serious skin allergies, especially allergy to silicone or plastic; (6) preeclampsia; (7) parturients who took paracetamol within 6 h before receiving epidural analgesia; (8) suspected fetal coagulopathy; and (9) chorioamnionitis confirmed by pathological examination.

Upon entering the delivery room, the researchers provided all eligible women with information about the study and obtained their informed consent for participation in the study. All parturients were monitored continuously. Patients with body temperature ≥38°C during labor were categorized as the Fever group while those with body temperature <38°C were categorized as No-Fever group. The data collection process was blinded, and researchers who collected body temperature data had no knowledge of the duration and dose of LEA. In addition, personnel involved in acquisition of postpartum data were blinded to maternal body temperature.



Measurement method of body temperature and fever treatment

A wireless thermometer, iThermomonitor (Rui Ren Medical, China), connected to the central control platform was used to carry out axillary temperature measurement during the whole delivery process (10 values per second). The iThermonitor was fixed to the shaved armpit using an adhesive tape with low risk of allergic reaction. Women were instructed to maintain the arm in the adducted position for up to 5 min until the temperature value shown on the display was stable; thereafter, the women were allowed free movement of their arms (7). Generally, intravenous infusion of unwarmed fluid into the contralateral arm does not have any effect on the use of iThermonitor for measuring the axillary temperature.

The pregnant women reported the onset of delivery. Labor room nurses were responsible for monitoring the patients and executing the obstetrician's orders, who did not participate in the study. Fever was defined as axillary temperature (measured by iThermonitor) ≥38°C. In parturients with fever, the following treatment measures were undertaken: When axillary temperatures rose to 38°C–38.5°C, intravenous rehydration was accelerated to replace water loss. When the axillary temperature exceeded 38.5°C, Tylenol suspension was administered orally (Johnson & Johnson Pharmaceutical Ltd., China).



Implementation of epidural analgesia

Epidural analgesia was initiated once uterine contractions were regular and cervical dilatation was ≥1 cm, and was continued to 2 h after the end of labor. Women receiving LEA were administered intravenous Ringer's lactate infusion (2–4 ml/kg/h). The rescue drugs atropine and ephedrine were always kept prepared. An epidural catheter was placed at the L3–L4/L2–3 and epidural analgesia was controlled by the parturients themselves. After the epidural catheter was fixed, a test dose of 4 ml of 1% lidocaine was administered via the catheter. Five minutes later, in the absence of any side effects, a 10 ml bolus dose of ropivacaine 0.0625% (lot number: H20140763; Astra Zeneca, Sweden) plus 0.3 µg/ml sufentanil (batch number: H20054256; Yichang Renfu Pharmaceutical, China) was administered. Subsequently, the epidural catheter was connected to the pulse pump and set as follows: loading dose, 10 ml; injection rate, 6 ml/h; PCA dose, 8 ml; maximum dose, 40 ml/h; and lockout interval, 10 min. At any time during labor, women with excessive pains or a visual analogue scale pain score >3 were administered an additional 5 ml of ropivacaine 0.1%.



Data collection

Data for the following demographic and basic clinical characteristics were collected from all enrolled women: gestational age, height, weight, body mass index (BMI), and time of delivery. Delivery-related data included the duration of labor, neonatal Apgar scores, delivery outcomes, amount of postpartum hemorrhage, occurrence of puerperal infection, amniotic fluid turbidity, lochia, and menstruation at 42 days after delivery. We excluded data of patients with pathologically confirmed chorioamnionitis.

Maternal blood pressure and heart rate was continuously monitored during labor and the rate and volume of fluid administered was administered.



Statistical analysis

The required sample size was calculated based on the ratio of abnormal delivery in parturients who did not develop fever during labor and those who developed fever in our previous trials. According to the ratio of 1:3 and with α = 0.05 and power of 0.9, the minimum sample size required for the No-Fever group was 111 and that for the Fever group was 37.

Use SPSS software (ver. 21.0; SPSS Inc., USA) was used to conduct statistical analysis. Owing to the non-normal distribution of gestational age, height, weight, BMI, amount of hemorrhage during labor and 2 h after delivery, these data are expressed as median and interquartile range [M (Q)] and the between-group differences assessed using the rank sum test. Categorical variables are expressed as frequency and percentage [n(%)] and between-group differences assessed using the Chi-squared test. P values < 0.05 were considered indicative of statistical significance. The duration of labor and Apgar score are expressed as mean ± standard deviation and between-group differences assessed using repeated measures analysis of variance. When the differences were statistically significant, the least significant difference (LSD) method was further used to make pair-wise comparisons.




Results

This study used a convenience sampling method and grouped parturients who received LEA into No-Fever group and Fever group according to axillary temperature. Finally, a total of 159 parturients who received LEA were recruited; of these 117 were in the No-Fever group (maximal temperature in the labor period <38°C) and 42 were in the Fever group (maximal temperature in the labor period ≥38°C). A total of 122 women completed the 42-day postpartum follow-up; of these, 90 were in the No-Fever group and 32 were in the fever group (Figure 1). For the maternal demographic and clinical characteristics, there were no significant between-group differences with respect to height weight and BMI. The women in Fever group were more likely to be primiparous, in addition, the gestational age of parturients in the Fever group was greater (Table 1).
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FIGURE 1
Experimental flow graph.



TABLE 1 Maternal demographic and clinical characteristics.
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There was no significant between-group difference with respect to the duration of the first (P = 0.084) and second (P = 0.0584) stages of labor. However, the duration of the third stage of labor in the No-Fever group was significantly shorter than that in the Fever group (P = 0.01) (Figure 2A). For the short-term prognostic, the cesarean section rate in Fever group was significantly greater than that in the No-Fever group (23.8% vs. 6.8%, P = 0.018). There were no significant between-group differences with respect to the rates of lateral episiotomy, manual removal of placenta, and puerperal infection (Figure 2B). The amount of intrapartum hemorrhage in the Fever group was also significantly greater than that in the No-Fever group (P = 0.002); however, there were no significant between-group differences with respect to the amount of hemorrhage in 2 h postpartum (Figure 2C). Moreover, there were no significant between-group differences with respect to the degree of turbidity of the amniotic fluid (Figure 2D). These results suggest that ERMF affects the short-term prognosis of the puerpera.
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FIGURE 2
Comparison of short-term prognostic indicators between the two groups. (A) Stage of labor (h). (B) The short-term prognostic indicators (%). (C) Hemorrhage volume (mL). (D) Abnomal amniotic fluid (%).


From 1 to 10 min, there was no significant difference in the Apgar scores between the two groups (Figure 3). For the long-term prognostic significance, there were no significant between-group differences with respect to lochia, menstruation, peculiar smell, and anti-infective treatment at 42-day postpartum follow-up (Figure 4). These results suggest that ERMF has no effect on the neonatal status and the long-term prognosis of puerpera.
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FIGURE 3
Apgar scores between the two groups.
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FIGURE 4
Comparison of outcomes at 42-days postpartum between the two groups.




Discussion

This study observed the incidence of related short-term and long-term (42-day postpartum) adverse events in parturients who received LEA. The baseline characteristics were comparable in the two groups. The proportion of primipara and the gestational age (despite the difference of 2 days) in the Fever group were higher than those in the No-Fever group, while the third stage of labor in the Fever group was longer than that in the No-Fever group. The Fever group had a significantly higher cesarean section rate and rate of forceps delivery, while the rates of lateral resection and manual removal of placenta were comparable in the two groups. The amount of intrapartum bleeding was greater in the Fever group, while the amount of 2 h postpartum bleeding was comparable in the two groups. In addition, there was no significant difference in Apgar scores between the two groups. At 42-day postpartum follow-up, there was no significant between-group difference with respect to the proportion of women with clean lochia discharge, menstrual re-fluidity, secretions with unusual smell, and postpartum treatment with antibiotics.

In this study, we defined fever as core body temperature ≥38°C. Intrapartum fever is associated with increased incidence of postpartum adverse outcomes. In the study by Dior et al. (2), intrapartum fever significantly increased the probability of emergency cesarean section and device-assisted delivery, especially for parturients whose body temperature was >39°C. However, no causal association was observed on stratified analysis disaggregated by the degree of maternal fever. In the study by Ashwal et al. (3), fever during labor was an independent risk factor for maternal-related complications, and was aassociated with prolonged second stage of labor, increased instrumental delivery rate, cesarean section rate, and placental retention rate. The authors did not divide the women into groups according to whether they received LEA. In our study, we excluded parturients with infectious factors, and the rates of cesarean section and forceps delivery in the Fever group were higher than those in the No-Fever group; in addition, the Fever group had a greater amount of intrapartum hemorrhage. However, we also found no difference in the rate of puerperal infection and turbid amniotic fluid between the Fever and No-Fever groups. This indicated that the significant between-group differences with respect to the proportion of cesarean section and forceps deliveries, and the amount of intrapartum hemorrhage during delivery were not directly related to puerperal infection and might be related to ERMF.

Given the observational nature of study, we can only analyze the correlation of ERMF with increased rates of cesarean section and forceps deliveries and increased intrapartum bleeding. However, it is not clear whether ERMF directly affects the delivery outcomes, delays the delivery of placenta, increases the amount of intrapartum hemorrhage, or affects the delivery outcome. Of note, that there were also differences between the No-Fever and Fever groups with respect to the parity and gestational age of parturients. The proportion of primiparous women in the fever group was higher, and the gestational age was also greater (despite the difference of 2 days). Compared with primipara, the birth canal of the multiparas tends to be more relaxed, and the fetus also gains weight with increase in the gestational age. Studies have confirmed that primipara status (8) and larger neonatal birth weight (9) are risk factors for increased rates of cesarean section and forceps delivery. Excessive uterine dilation and uterine laxity caused by overweight fetuses (10), prolonged third stage of labor, and delayed placental delivery (11) are also risk factors for increased intrapartum bleeding.

At the same time, the impact of intrapartum fever on neonates has evoked increasing interest. The negative effects related to newborns mainly include some neurosuppressive symptoms, such as a decrease in the Apgar scores, the need for assisted ventilation and oxygen therapy, and even a rised chance of cardiopulmonary resuscitation (5, 12). Ashwal et al. (3), further divided the febrile mothers into blood and/or placental culture positive and negative groups. They found that the incidence of adverse neonatal outcomes in the positive group was much higher than that in the negative group, indicating that the negative impact of fever on newborns is more related to infectious factors. In this study, there was no difference in the puerperal infection rate between the Fever group and the No-Fever group; moreover, we observed no significant between-group difference with respect to amniotic fluid turbidity and the newborn Apgar score. This implies a lack of correlation between ERMF and neonatal hypoxia. Other studies conducted by our group (13) have also yielded similar results.

Uterine involution is usually completed within 42 days postpartum. Prolonged lochia or peculiar smell is a sign of poor postpartum uterine involution. In this study, parturients were followed up 42 days after delivery. We found no significant between-group difference with respect to these indicators. This suggests that ERMF may not affect uterine involution 42 days postpartum.

We still have some limitations in this study. This was a single-center, observational study with a relatively small sample size. A multicentre study with larger sample size and longer duration of follow-up is needed to provide more robust evidence.

In this study, ERMF was associated with prolongation of the third stage of labor, increased rates of cesarean section and forceps delivery, and increased intrapartum hemorrhage. However, ERMF was not found to affect the long-term prognosis at 42 days postpartum. This means that, different from infection-associated fever, ERMF has some association with short-term prognosis of parturients, but no impact on long-term postpartum recovery.



Data availability statement

The original contributions presented in the study are included in the article/Supplementary Material, further inquiries can be directed to the corresponding authors.



Ethics statement

The studies involving human participants were reviewed and approved by This study was approved by the Ethics Committee of the Guangzhou Women and Children’s Medical Center (Protocol number: 201939000) and registered at the Chinese Clinical Trial Registry (http://www.chictr.org.cn/edit.aspx; ID: ChiCTR1900025653; Principal investigator: Baisong Zhao; Date of registration: Sep 5, 2019). The patients/participants provided their written informed consent to participate in this study.



Author contributions

BZ designed and performed most of the investigation, data analysis. BL wrote the manuscript. YL, QW and other authors assisted data collection. JJ provided research resources. All authors contributed to the article and approved the submitted version.



Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.



Publisher's note

All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.



References

1. Sultan P, David AL, Fernando R, Ackland GL. Inflammation and epidural-related maternal fever: proposed mechanisms. Anesth Analg. (2016) 122(5):1546–53. doi: 10.1213/ane.0000000000001195

2. Dior UP, Kogan L, Eventov-Friedman S, Gil M, Bahar R, Ergaz Z, et al. Very high intrapartum fever in term pregnancies and adverse obstetric and neonatal outcomes. Neonatology. (2016) 109(1):62–8. doi: 10.1159/000440938

3. Ashwal E, Salman L, Tzur Y, Aviram A, Ben-Mayor Bashi T, Yogev Y, et al. Intrapartum fever and the risk for perinatal complications - the effect of fever duration and positive cultures. J Matern Fetal Neonatal Med. (2018) 31(11):1418–25. doi: 10.1080/14767058.2017.1317740

4. Burgess APH, Katz JE, Moretti M, Lakhi N. Risk factors for intrapartum fever in term gestations and associated maternal and neonatal sequelae. Gynecol Obstet Invest. (2017) 82(5):508–16. doi: 10.1159/000453611

5. Sharpe EE, Arendt KW. Epidural labor analgesia and maternal fever. Clin Obstet Gynecol. (2017) 60(2):365–74. doi: 10.1097/grf.0000000000000270

6. Yin H, Hu R. A cohort study of the impact of epidural analgesia on maternal and neonatal outcomes. J Obstet Gynaecol Res. (2019) 45(8):1435–41. doi: 10.1111/jog.13988

7. Pei L, Huang Y, Mao G, Sessler DI. Axillary temperature, as recorded by the iThermonitor WT701, well represents core temperature in adults having noncardiac surgery. Anesth Analg. (2018) 126(3):833–8. doi: 10.1213/ane.0000000000002706

8. de Hundt M, Vlemmix F, Bais JM, de Groot CJ, Mol BW, Kok M. Risk factors for cesarean section and instrumental vaginal delivery after successful external cephalic version. J Matern Fetal Neonatal Med. (2016) 29(12):2005–7. doi: 10.3109/14767058.2015.1072160

9. Oben AG, Batiste O, Fokong K, Davidson S, Acosta OM. Identifying risk factors for cesarean delivery in a predominantly hispanic teenage population: a 5-year retrospective study. J Pediatr Adolesc Gynecol. (2018) 31(5):485–9. doi: 10.1016/j.jpag.2018.05.001

10. Chavkin U, Wainstock T, Sheiner E, Sergienko R, Walfisch A. Perinatal outcome of pregnancies complicated with extreme birth weights at term. J Matern Fetal Neonatal Med. (2019) 32(2):198–202. doi: 10.1080/14767058.2017.1376048

11. Frolova AI, Stout MJ, Tuuli MG, López JD, Macones GA, Cahill AG. Duration of the third stage of labor and risk of postpartum hemorrhage. Obstet Gynecol. (2016) 127(5):951–6. doi: 10.1097/aog.0000000000001399

12. Törnell S, Ekéus C, Hultin M, Håkansson S, Thunberg J, Högberg U. Low apgar score, neonatal encephalopathy and epidural analgesia during labour: a Swedish registry-based study. Acta Anaesthesiol Scand. (2015) 59(4):486–95. doi: 10.1111/aas.12477

13. Zhao BS, Li B, Wang QN, Jia JX, Song XR. Time- and dose-dependent correlations between patient-controlled epidural analgesia and intrapartum maternal fever. BMC Anesthesiol. (2021) 21(1):31. doi: 10.1186/s12871-021-01249-1



OPS/images/fsurg-09-1064272-g001.jpg
Assessed for eligibility (n=181) Excluded (n=12)
Not meeting inclusion criteria (n=10)
Declined to participate (n=1)

<38°C

Oth =1
Take temperature (n=169) er reasons (n=1)

238°C

Allocated to no Fever (n=123)

Received allocated intervention (n=119)
Did not receive allocated intervention
(n=0)

¥

Allocated to Fever (n=46)
Received allocated intervention (n=42)
Did not receive allocated intervention

Lost to follow-up (electrode dropped or
pump out of charge) (n=2)
Discontinued intervention
(noncooperation) (n=0)

(n=0)
i

v

Lost to follow-up (electrode dropped or
pump out of charge) (n=2)
Discontinued intervention
(noncooperation) (n=0)

Analysed (n=117)
Excluded from analysis (choricamnionitis)
(n=3)

v

Analysed (n=42)
Excluded from analysis (chorioamnionitis)
(n=2)

42 days postpartum analysed (n=90)
Lost to follow-up (Refused to return visit)

(n=27)

v

42 days postpartum analysed (n=32)
Lost to follow-up (Refused to return visit)
(n=10)






OPS/images/fsurg-09-1064272-g002.jpg
= Fever

3 No-Fever

= Fever

B3 No-Fever

<

P=0.299 P=0.611  P=0.075

P=0.018

e o o o
¥+ ® &« -

(%) s403eaipur anpsoubosd
uusy-Hoys ayL

) o

o
(u) soqe) jo abeyg

= Fever

E3 No-Fever

= Fever

B3 No-Fever

©® © ¥ «~ o

(%) pIny onoluwe [eulouqy

=3
=3
53

© o~ -
(qw) awnjoA abeysioway

e

e

Bloody






OPS/images/fsurg-09-1064272-g003.jpg
Apgar scores

o

B3 No-Fever = Fever
P=0.440 P=0.343 P=0.584

1 min

5 min

10 min





OPS/images/fsurg-09-1064272-g004.jpg
B Fever

B3 No-Fever

s

2

L

il

"

g

H

3

&

.

5

-

gl

g

g,

il
|

&
(%) wnyedysod skep-zp 1e
uoped|dwod Jo souapIoul YL





OPS/xhtml/Nav.xhtml




Contents





		Cover



		Association between epidural-related maternal fever and short-and long-term prognosis of parturients: A prospective observational study

		Introduction



		Materials and methods



		Research population



		Measurement method of body temperature and fever treatment



		Implementation of epidural analgesia



		Data collection



		Statistical analysis











		Results



		Discussion



		Data availability statement



		Ethics statement



		Author contributions



		Conflict of interest



		Publisher's note



		References



















OPS/images/cover.jpg
, frontiers ‘ Frontiers in Surgery

Association between epiduralrelated
maternal fever and shortand long-term
prognosis of parturients: A prospective

observational study





OPS/images/fsurg-09-1064272-t001.jpg
Indicators

Maternal type [ (%)]

No-Fever
(n=117)

Primipara

73 (62.4)

34 (81.0)

Multipara

44 (37.6)

8 (19.0)

Gestational age [M
(Q), weeks]

39.9 (1.6)

40.1 (16)

Height [M (Q), cm]

160.0 (6.0)

160.0 (8.0)

Weight [M (Q), kgl

660 (9.3)

68.0 (11.0)

BMI [kg/m”, M (Q)]

259 (3.6)

27.1 29)

BMI, body mass index. P < 0.05 indicats

ficant be










OPS/images/crossmark.jpg
(®) Check for updates.





OPS/images/logo.jpg
& frontiers | Frontiers in Surgery





