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ABSTRACT
Objective: To study the effects of chorioamnionitis on uterine activity and to investigate associations between external and in-
trauterine monitoring methods and neonatal outcomes.
Design: Secondary analysis of a randomised controlled trial cohort.
Setting: Two labour wards, in a university tertiary hospital and a central hospital.
Population: Parturients with singleton pregnancies, gestational age ≥ 37 weeks and fetus in cephalic position. Clinical chorio-
amnionitis developed in 8.6% of cases (n = 130/1504).
Methods: Analyses of uterine activity (contractions/10 min or intrauterine pressure in Montevideo units) during the 4 h before 
birth adjusted for maternal characteristics and intrapartum factors.
Main Outcome Measures: Uterine activity with or without chorioamnionitis and the intervention of external versus intrauter-
ine monitoring in relation to fetal distress (admission to neonatal intensive care with umbilical artery pH ≤ 7.10 or 5-min Apgar 
score < 7), stratified by chorioamnionitis status.
Results: Uterine contraction frequency/10 min decreased in labours with chorioamnionitis during the final hour preceding 
birth (4.2 [SD 1.1] vs. 3.9 [SD 1.2], adjusted regression coefficient −0.383, 95% CI −0.654 to −0.112, p = 0.006) compared to non-
infected labors. In chorioamnionitis cases, mean frequency/10 min during last 4 h was higher with external versus intrauterine 
monitoring (4.2 [SD 0.8] vs. 3.8 [SD 0.9], MD 0.39, 95% CI 0.02–0.76, p = 0.038), and the intrauterine monitoring group had a lower 
incidence of fetal distress (6.7% vs. 23.1%, OR 0.24, 95% CI 0.07–0.79, p = 0.013).
Conclusions: Chorioamnionitis impairs uterine activity. Intrauterine monitoring may provide more accurate contraction analy-
sis than external tocodynamometry and help reduce fetal compromise during labours complicated by chorioamnionitis.

1   |   Introduction

Chorioamnionitis, also known as intra-amniotic infection, is 
frequently observed among term parturients during labour. The 

condition poses a significant dilemma for obstetric care provid-
ers as it has been associated with acute neonatal morbidity and 
may increase the need for additional operative interventions. 
The inflammation may potentiate the adverse effects of tissue 
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hypoxia, but infection alone is not an indication for immediate 
delivery [1–3].

The incidence of clinical chorioamnionitis in term deliveries 
is approximately 2%–5% [1, 4], but it has been reported to be 
up to 13% depending on the diagnostic criteria used [2]. The 
most significant risk factors associated with intra-amniotic 
infection are prolonged labour and ruptured membranes 
[1–3]. The use of intrauterine pressure (IUP) catheters has 
also been associated with an increased risk of chorioamnio-
nitis [5–7]. However, the evidence is debatable in these ret-
rospective studies, as the risk of infection may be associated 
with prolonged deliveries requiring the use of IUP catheters. 
Interestingly, in two large randomised controlled trials (RCT), 
these catheters were reported not to increase the incidence of 
infections compared to external monitoring [8, 9], nor in the 
follow-up of the first trial [10].

Clinical chorioamnionitis is associated with an increased risk of 
protraction and arrest disorders, ultimately leading to a higher 
number of operative deliveries [2, 3, 11]. Dysfunctional myome-
trial contractility caused by inflammation has been implicated 
in this association [12, 13].

Clinical chorioamnionitis has been associated with a 3.5-fold in-
crease in the risk of adverse neonatal outcomes among labours 
≥ 34 weeks, such as pneumonia, sepsis, intracranial haemor-
rhage and neonatal death. Consequently, neonatal intensive care 
unit (NICU) admissions are more common among infants born 
to women with chorioamnionitis [14]. However, it remains un-
certain to what extent inflammation is responsible for neonatal 
outcomes, or how intrapartum factors contribute. It is generally 
recognised that, in the presence of acidosis, labour contractions 
contribute to NICU admissions. Retrospective studies indicate 
that tachysystole increases the risk of neonatal encephalopathy 
in the context of chorioamnionitis [15, 16], and that the risk is 
elevated by hypoxia-ischaemia associated with the inflamma-
tion [17].

We have previously reported that increasing IUP notably wors-
ens fetal umbilical artery (UmA) pH in labours complicated by 
chorioamnionitis [18]. The objective of this study was to explore 
how intra-amniotic inflammation affects contractility during 
labour. Additionally, it aimed to investigate whether contrac-
tion monitoring methods are associated with neonatal outcomes 
when signs of chorioamnionitis are present or absent.

2   |   Methods

This study is an exploratory examination of a prospective cohort 
derived from our RCT, which compared the effects of intrauter-
ine (IT) and external tocodynamometries (ET) on labour out-
comes. The present analysis focuses specifically on labours with 
and without clinical chorioamnionitis within the RCT popula-
tion. The protocol and methods of the study have been published 
previously. The RCT was conducted between 2012 and 2017 and 
involved the recruitment of a total of 1504 parturients, initially 
with 736 in the intrauterine and 768 in the external group. The 
labour staff were permitted to change the monitoring method 
for obstetric reasons [9].

Information regarding parturients and newborns was gathered 
from medical records and original RCT materials. Nulliparous 
women, parous parturients with oxytocin augmentation during 
the first stage of labour and those with previous CS were enrolled. 
Only singleton pregnancies with gestational age ≥ 37 weeks, ce-
phalic fetal position and cervical dilatation of ≤ 7 cm were eligi-
ble for recruitment. Women were excluded if they met any of the 
following criteria: estimated fetal birthweight > 4500 g, signs of 
fetal distress or intrauterine infection upon recruitment or pos-
itive results in serological tests for human immunodeficiency 
virus or hepatitis B or C virus [9].

In the RCT protocol, midwives administered oxytocin in in-
cremental doses (with an addition of 2.0–2.5 mIU/min every 
20–30 min) until 3–5 contractions /10 min or 150–300 MVU was 
reached, or until adequate labour progression was achieved. 
The baseline tone of the uterine muscle had to remain under 
20 mmHg with observable relaxation between contractions. A 
sensor-tipped catheter (Koala Intrauterine Pressure Catheters, 
Clinical Innovations) was inserted by a physician during 
the initial vaginal examination following randomisation. 
Cardiotocography data was recorded using Philips Avalon 
FM30 or FM50 Gemini equipment (Koninklijke Philips N.V., 
Amsterdam, the Netherlands).

Uterine contractile activity (UA) was analysed retrospectively 
by three researchers who were blinded to the parturients' basic 
characteristics, neonatal outcomes and labour outcomes. UA 
was measured by the frequency of contractions/10 min and IUP 
in Montevideo units (MVU) when available. These parameters 
were accounted at 30-min intervals at four time points (15 min 
before and after exact times) 4, 3, 2 and 1 h before birth or the 
decision to perform a CS. The doses of oxytocin (mIU/min) were 
recorded simultaneously.

Clinical chorioamnionitis was defined according to the 2016 
expert panel criteria [19]: Maternal pyrexia during labour was 
identified as temperature ≥ 38.0°C, along with either fetal tachy-
cardia > 160/min persisting over 10 min or maternal leucocytosis 
> 15.0 × 109/L. This definition has changed since our original RCT, 
which accounts for a slight difference in the reported incidence 
of chorioamnionitis (31 cases fewer than in the RCT). Antibiotics 
were administered when these signs were observed during labour 
or if sampling for Streptococcus agalactiae was positive.

All participants were informed on recruitment to the study and 
written consent was obtained at enrolment. Parturients were not 
involved in planning the study and there was no questionnaire 
for them. A core outcome set (COS) for maternal and perina-
tal health research related to infectious diseases is currently 
under consideration by the COMET (Core Outcome Measures in 
Effectiveness Trials) initiative, but is not currently available [20].

2.1   |   Outcome Measures

The primary objective was to compare UA between cases of 
clinical chorioamnionitis and non-infected cases, measured as 
the frequency of contractions/10 min and IUP in MVUs. The 
secondary objective was to evaluate the relationship between 
contraction monitoring methods (ET or IT based on the actual 
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monitoring method used), in the presence or absence of clinical 
chorioamnionitis and indicators of fetal distress, such as ad-
mission to NICU with UmA pH ≤ 7.10 or 5-min Apgar score < 7.

2.2   |   Statistical Analysis

Analyses were performed using IBM SPSS Statistics for 
Windows, Version 29.0. Armonk, NY: IBM Corp. Group differ-
ences were evaluated using the chi-square test, Student's t-test 
and Mann–Whitney U-test as appropriate. Continuous variables 
were reported as means with standard deviations or medians 
with quartiles, and categorical variables as frequencies and per-
centages. The results were expressed as mean difference (MD), 
odds ratios (ORs) and 95% confidence intervals (95% CIs). For 
the primary objective, univariate linear regression was per-
formed with uterine activity as the dependent variable, analysed 
in relation to chorioamnionitis and, separately, in relation to 
oxytocin dose (stratified by the presence or absence of chorio-
amnionitis). Multivariable linear and logistic regression anal-
yses were adjusted for factors influencing uterine contractile 
activity and chorioamnionitis, including nulliparity, oxytocin 
dose, first stage labour duration, maternal age and body mass 
index. Additionally, linear regression was conducted with UmA 
pH as the dependent variable, analysed in relation to the two 
UA parameters, stratified by the presence or absence of chorio-
amnionitis. The results of the linear regression analyses were 
expressed as regression coefficients (β) and with adjusted β (aβ) 
for multivariable analyses. A probability value (p) of < 0.05 was 
considered statistically significant. All p-values were two-sided.

Ethical approval for the study was granted by the Ethics 
Committee of Pirkanmaa Hospital District (R12229) on 8 
October 2012.

3   |   Results

A total of 1504 parturients participated in the study. As signs 
of intrauterine infection were an exclusion criterion at the 
time of enrolment, all infections were identified during deliv-
ery. Incidence of clinical chorioamnionitis was 8.6% (n = 130). 
Table  1 presents baseline characteristics and intrapartum fac-
tors, stratified by the presence or absence of clinical chorioam-
nionitis, as well as by the actual contraction monitoring method 
used (ET or IT).

In the intention-to-treat analysis following randomisation, 65 
parturients in the ET group and 65 in the IT group (130 in total) 
developed clinical chorioamnionitis. Clinicians had the option 
to change the method of tocodynamometry for obstetric rea-
sons, and 60% (39 out of 65) opted to switch from ET to IT in 
cases of clinical chorioamnionitis. The reasons for switching to 
IT included non-reliable tocogram (n = 12), dystocia (n = 8), non-
reassuring fetal heart rate (n = 7), obesity (n = 2), prior CS (n = 1) 
and others (n = 9). Duration of labour was significantly longer 
in parturients who underwent a switch in monitoring method 
compared to those in whom monitoring remained unchanged: 
17.5 [Q1–Q3 11.6–27.1] vs. 14.2 [Q1–Q3 7.5–22.3] hours in the first 
stage (p < 0.001) and 23 [Q1–Q3 14–43] vs. 21 [Q1-Q3 11–38] min 
in the second stage (p = 0.013).

In the final hour preceding birth, UA was observed to decrease 
in labours affected by chorioamnionitis compared to those with-
out infection (Table 2). Chorioamnionitis was associated with a 
statistically significant reduction in contraction frequency in the 
multivariable analysis (aβ = −0.383, 95% CI −0.654 to −0.112, 
p = 0.006), but no significant differences were observed in IUP or 
oxytocin doses (Table 3). The maximum fever recorded during la-
bour occurred at a median of 147 (Q1–Q3 81–286) min before birth.

Parturients without infection showed an adequate UA re-
sponse to oxytocin: The mean oxytocin dose/4 h in relation 
to mean contractions /10 min β = 0.030, 95% CI 0.018–0.041, 
p < 0.001; mean IUP for every 10 MVUs β = 0.114, 95% CI 
0.038–0.191, p = 0.003. In multivariable analysis (adjusted 
for nulliparity, first stage labour duration, maternal age and 
prepregnancy body mass index) the corresponding associa-
tions were aβ = 0.033 for mean contraction frequency, 95% CI 
0.020–0.046, p < 0.001 and aβ = 0.121 for mean MVUs, 95% 
CI 0.034–0.207, p = 0.006. However, among women with cho-
rioamnionitis, oxytocin did not exhibit a linear association: 
β = 0.012, 95% CI −0.011 to 0.036, p = 0.296 for every contrac-
tion/10 min and β = 0.027, 95% CI −0.168 to 0.2236, p = 0.782 
for every 10 MVUs.

In the sub-group of clinical chorioamnionitis cases, contrac-
tion monitoring methods (ET or IT) were compared (Table 4). 
Mean contraction frequency/10 min was lower in the IT group 
compared to the ET group, no such variation was observed in 
non-infected labours (Table 5). Among chorioamnionitis cases, 
multivariable linear regression analysis showed that IT moni-
toring was associated with a lower contraction frequency/10 min 
(aβ = −0.430, 95% CI −0.840 to −0.021, p = 0.040). Differences 
in labour outcomes were also observed, with a lower incidence 
of fetal distress and diagnosed neonatal asphyxia in the IT 
group. Among labours without signs of infection (Table 5), al-
though neonatal infections and the need for assisted ventilation 
appeared more frequent in the IT group, multivariable analysis 
did not reveal statistically significant differences.

Mean contraction frequency/4 h showed a linear association be-
tween UA and decreasing UmA pH among non-infected partu-
rients (β = −0.010, 95% CI −0.017 to −0.003, p = 0.007), but not 
among labours with clinical chorioamnionitis (β = −0.009, 95% 
CI −0.029 to 0.010, p = 0.361). Stratified analyses within the IT 
group revealed a linear association between the mean IUP/4 h 
and a decrease in UmA pH among non-infected parturients 
(β = −0.020 counted per 100 MVUs, 95% CI −0.032 to −0.008, 
p < 0.001). This association was further intensified among la-
bours complicated by chorioamnionitis (β = −0.044 counted per 
100 MVUs, 95% CI −0.080 to −0.009, p = 0.015).

4   |   Discussion

4.1   |   Main Findings

UA was impaired during labours with clinical chorioamnioni-
tis. Administration of oxytocin did not differ from parturients 
without intra-amniotic infection, but the response appeared to 
be reduced among those with chorioamnionitis. Neonatal out-
comes were better in the IT than in the ET monitoring group 
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TABLE 2    |    Uterine activity and oxytocin use associated with clinical chorioamnionitis.

Clinical chorioamnionitis n = 130 No signs of infection n = 1374

pn/mean/median SD/Q1–Q3 n/mean/median SD/Q1–Q3

Contraction frequency/10 min

Number of birth records analysed 130 693

Mean/4 h 3.8 0.9 3.9 0.9 0.687

4 h prior to birth 3.7 1.1 3.5 1.3 0.190

3 h prior to birth 3.8 1.0 3.7 1.2 0.480

2 h prior to birth 4.0 1.0 3.9 1.1 0.970

1 h prior to birth 3.9 1.2 4.2 1.1 0.010

IUP as Montevideo units

Number of birth records analysed 80 612

Mean/4 h 151 107–199 155 110–193 0.641

4 h prior to birth 130 103–180 140 90–180 0.881

3 h prior to birth 150 107–190 140 90–190 0.582

2 h prior to birth 163 100–220 157 115–200 0.993

1 h prior to birth 170 110–212 180 130–230 0.040

Oxytocin dose, mIU/min

Number of birth records analysed 121 676

Mean dose /4 h 1.4 0.5–2.0 0.9 0.3–1.7 0.008

4 h prior to birth 5.0 0.0–10.0 2.5 0.0–10.0 0.529

3 h prior to birth 6.0 2.0–12.5 10.0 0.0–10.0 0.061

2 h prior to birth 7.5 2.5–12.5 5.0 2.5–10.0 0.040

1 h prior to birth 7.5 2.5–15.0 7.5 2.5–12.5 0.063

Note: Differences between groups by Mann–Whitney U-test.
Abbreviations: IUP, intrauterine pressure; Q, quartile; SD, standard deviation.

TABLE 3    |    Linear regression analyses of uterine activity and oxytocin doses as dependent variables in relation to clinical chorioamnionitis.

Univariate Multivariable

B β 95% CI p aβ 95% CI p

Contraction frequency/10 min

1 h prior to birth 4.17 −0.317 −0.533 to −0.101 0.004 −0.383a −0.654 to −0.112 0.006

Intrauterine pressure as MVUs

1 h prior to birth 187 −1.621b −3.743 to −0.500 0.134 −0.232a,b −1.923 to −1.460 0.788

Oxytocin dose mIU/min

Mean/4 h 1.135 0.250 0.053 to 0.447 0.013 0.100c −0.127 to −0.326 0.388

2 h prior to birth 7.116 1.400 0.129 to 2.670 0.031 0.384c −1.052 to −1.820 0.600

1 h prior to birth 8.020 1.353 0.016 to 2.690 0.047 0.499c −3.306 to −4.752 0.515

Abbreviations: β, regression coefficient; aβ, adjusted regression coefficient; B, intercept; CI, confidence interval; MVU, Montevideo units.
aAdjusted for nulliparity, mean oxytocin dose/4 h, duration of first stage of labour and maternal factors (age and prepregnancy body mass index).
bFor every increasing 10 Montevideo units.
cAdjusted for nulliparity, duration of first stage of labour and maternal factors (age and prepregnancy body mass index).



6 of 10 BJOG: An International Journal of Obstetrics & Gynaecology, 2025

TABLE 4    |    Associations of intrapartum factors and labour outcomes in the sub-group of clinical chorioamnionitis stratified by contraction 
monitoring method.

External 
tocodynamometry 

n = 26

Intrauterine 
tocodynamometry 

n = 104

OR (MD) 95% CI p ap

n/
mean/

median %/SD/Q1–Q3

n/
mean/

median %/SD/Q1–Q2

Intrapartum factors

Duration of labour 
1st stage, hours

19.0 10.8–28.6 22.6 16.0–27.4 (−0.81) −8.89 to 7.36 0.802

Duration of labour 
2nd stage, minutes

42 27–51 34 18–49 (7.03) −9.97 to 18.01 0.569

Labour contractions

Contraction 
frequency/10 min, 
mean/4 h

4.2 0.8 3.8 0.9 (0.39) 0.02 to 0.76 0.038 0.040

Contraction 
frequency/10 min, 
1 h prior to birth

4.1 0.7 3.8 1.3 (0.36) −0.00 to 0.72 0.052

Use of oxytocin during labour

Mean dose mIU/
min

1.1 0.5–2.0 1.1 0.6–2.0 (−0.15) −0.68 to 0.38 0.569

Labour outcomes

Mode of delivery

VD 9 34.6 39 37.5 0.09 0.36 to 2.17 0.785

VAD 8 30.8 20 19.2 0.54 0.20 to 1.41 0.201

VAD due to fetal 
distress

5 19.2 8 7.7 0.35 0.10 to 1.18 0.079

CS 9 34.6 45 43.3 1.44 0.59 to 3.53 0.423

CS due to fetal 
distress

3 11.5 9 8.7 0.73 0.18 to 2.90 0.649

Birthweight, g 3730 450 3780 390 (−48.7) −224.7 to 127.3 0.585

Umbilical artery 
pH

7.21 0.10 7.23 0.09 (0.018) −0.087 to −0.123 0.730

UmA pH ≤ 7.10 5 19.2 8 7.7 0.35 0.10 to 1.18 0.079

5-min Apgar < 7 3 11.5 5 4.8 0.39 0.09 to 1.74 0.201

5-min Apgar < 7 or 
UmA pH ≤ 7.10

7 26.9 11 10.6 0.32 0.11 to 0.93 0.031

NICU admission 6 23.1 21 20.2 0.84 0.30 to 2.36 0.746

NICU + Apgar < 7 3 11.5 5 4.8 0.39 0.09 to 1.74 0.201

NICU + UmA pH 
≤ 7.10

4 15.4 4 3.8 0.22 0.05 to 0.95 0.029 0.071

NICU + Apgar < 7 
or UmA pH ≤ 7.10 
(Fetal distress)

6 23.1 7 6.7 0.24 0.07 to 0.79 0.013 0.004

(Continues)
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among chorioamnionitis cases. Therefore, during labours com-
plicated by chorioamnionitis, IT was found to be more valuable 
as a monitoring method in protecting foetuses against excessive 
UA and acidosis.

4.2   |   Strengths and Limitations

The prospective nature of the study is a strength, as the par-
turients exhibited no signs of infection upon recruitment. It 
is acknowledged that using a clinical definition of chorioam-
nionitis may produce heterogeneous results [2]. Therefore, 
a weakness of the study is that placental histology was not 
assessed. As induced labours were emphasised by the study 
protocol, the population involved was selected. As the limit 
for recruitment was ≤ 7 cm dilatation of the cervix, and 
parous women not needing oxytocin augmentation were not 
included, the most rapidly progressing labours were not re-
cruited. Overall, the study protocol highlighted the risk for 
dystocia, which may explain the higher incidence of chorio-
amnionitis than previously reported [1, 4]. However, the selec-
tion of our cohort did not affect the main outcome we focused 
on, namely contractility analysis. As the contraction inter-
pretation was made by clinicians, blinding to the outcome of 
labour confirmed a nonbiased interpretation. Notably, in the 
ET monitoring group, there were missing data due to non-
interpretable external tocograms, resulting in fewer cases 
with values at each measurement point than the total number 
of participants. One limitation is that the duration of labour 
was not recorded for intrapartum CSs.

4.3   |   Interpretation

Clinical chorioamnionitis during term labour has controver-
sial effects on UA. There seems to be a biphasic role for inflam-
mation, as this may contribute to normal labour initiation, 

while excessive inflammation may inhibit labour progress 
[21]. There is evidence that infection is a risk factor for de-
creasing uterine response to oxytocin leading to prolonged 
delivery [12]. In turn, prolonged second stage is associated 
with higher odds of chorioamnionitis and the risk for neo-
natal complications [22]. In clinical practice, both prolonged 
labour and chorioamnionitis may necessitate interventions to 
prevent maternal and neonatal complications, leading to in-
creased numbers of CS [23].

The present study found no difference in the oxytocin dosage 
between non-infected labours and those with chorioamnioni-
tis. It remains unclear whether the infection slows down labour 
progress or indicates reduced responsiveness to oxytocin. The 
absence of a linear association between oxytocin dosage and 
UA in labours affected by chorioamnionitis suggests reduced 
responsiveness to oxytocin in the presence of infection.

There is limited research on UA in chorioamnionitis. In a study 
by Duff et al. [13] UA was measured in term pregnancies that 
entered labour spontaneously and later developed chorioam-
nionitis (n = 65). Of these, 75% exhibited decreased UA despite 
oxytocin augmentation, and 34% required CS due to failure to 
progress. Our recent study also demonstrated that reduced con-
tractility and chorioamnionitis are risk factors for intrapartum 
CS during a trial of labour after CS [24]. Zackler et al. [12] con-
ducted a retrospective cohort study (n = 100) investigating the 
temporal association between diagnosis of clinical chorioamni-
onitis and IUP. They found that UA was maintained for 2 h after 
the onset of maternal fever but declined significantly thereafter, 
even though there were no changes in oxytocin dosage. This 
aligns with the findings of the present study.

Mode of delivery was not found to affect fetal distress. This 
supports existing evidence suggesting that CS should be per-
formed based on standard obstetrical indications and that clin-
ical chorioamnionitis alone is not an indication for CS. This is 

External 
tocodynamometry 

n = 26

Intrauterine 
tocodynamometry 

n = 104

OR (MD) 95% CI p ap

n/
mean/

median %/SD/Q1–Q3

n/
mean/

median %/SD/Q1–Q2

NICU length of 
stay > 2 days

5 19.2 19 18.3 0.94 0.31 to 2.81 0.910

Paediatric 
diagnosis for NICU

Neonatal 
asphyxiaa

4 19.0 3 3.9 0.18 0.04 to 0.85 0.018 0.030

Infection 4 15.4 13 12.5 0.81 0.12 to 5.50 0.831

Need for assisted 
ventilation

3 11.5 12 11.5 0.89 0.12 to 6.48 0.756

Note: ap-values adjusted for nulliparity, first-stage labour duration, mean oxytocin dose/4 h, maternal age and prepregnancy body mass index.
Abbreviations: CI, confidence interval; CS, caesarean section; MD, mean difference; NICU, neonatal intensive care unit; Q, quartile; SD, standard deviation; UmA, 
umbilical artery; VAD, vacuum assisted delivery; VD, vaginal delivery.
a33 missing values.

TABLE 4    |    (Continued)
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TABLE 5    |    Associations of intrapartum factors and labour outcomes in the sub-group of non-infected labours stratified by contraction monitoring 
method.

External 
tocodynamometry 

n = 527

Intrauterine 
tocodynamometry 

n = 847

OR 
(MD) 95% CI p ap

n/
mean/

median
%/SD/
Q1–Q3

n/
mean/

median
%/SD/
Q1–Q2

Intrapartum factors

Duration of labour 
1st stage, hours

13.8 7.0–21.8 15.0 8.8–23.5 (−1.64) −2.88 to −0.39 0.010 0.288a

Duration of labour 
2nd stage, minutes

20 10–37 20 12–37 (−0.50) −3.91—2.91 0.774

Labour contractions

Contraction 
frequency/10 min, 
mean/4 h

3.9 0.9 3.9 0.9 (−0.02) −0.25—0.21 0.871

Contraction 
frequency/10 min, 
1 h prior to birth

4.0 1.1 4.2 1.1 (−0.17) −0.46 – 0.13 0.262

Use of oxytocin during labour

Mean dose mIU/
min

0.6 0.1–1.1 1.0 0.3–1.8 (−0.45) −0.71 to −0.19 < 0.001 < 0.001b

Labour outcomes

Mode of delivery

VD 455 86.3 602 71.1 2.57 1.93–3.44 < 0.001 0.975

VAD 48 9.1 120 14.2 1.65 1.16–2.35 0.005 0.247

VAD due to fetal 
distress

27 5.1 59 7.0 1.39 0.87–2.22 0.170

CS 24 4.6 125 14.8 3.63 2.31–5.70 < 0.001 < 0.001

CS due to fetal 
distress

12 2.3 35 4.1 1.85 0.95–3.60 0.066

Birthweight, g 3590 440 3660 480 (−0.65) −115.5 to 
−14.5

0.006 0.152

Umbilical artery 
pHc

7.23 0.08 7.23 0.08 (−0.001) −0.011 to 
0.008

0.797

UmA pH ≤ 7.10 31 6.0 42 5.0 0.83 0.52–1.35 0.456

5-min Apgar < 7 6 1.1 11 1.3 1.14 0.42–3.11 0.794

5-min Apgar < 7 or 
UmA pH ≤ 7.10

7 1.3 15 1.8 1.34 0.54–3.31 0.525

NICU admission 46 8.7 93 11.0 1.29 0.89–1.87 0.178

NICU + Apgar < 7 3 0.6 9 1.1 1.88 0.51–6.96 0.339

NICU + UmA pH 
≤ 7.10

5 0.9 8 0.9 0.99 0.32–3.06 0.994

(Continues)
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particularly important for the parturient as CS significantly in-
creases the risk of adverse maternal outcomes in chorioamnio-
nitis [3].

Most neonates, even those with notable acidosis, are born vigor-
ous. Therefore, the fetal distress defined in this study highlights 
the role of contractions in NICU admissions. Impey et  al. [17] 
found that acidosis, along with maternal fever, is a sign of labour 
at high risk for adverse neonatal consequences. They also cited ex-
perimental data: “products of infection or proinflammatory cyto-
kines may reduce the threshold at which hypoxia leads to cellular 
damage”. This was confirmed in a recent study on 18 experimental 
sheep [25] which examined haemodynamic, gasometric and fetal 
heart rate variability changes during fetal inflammatory response 
syndrome. The study revealed that fetal adaptation to hypoxia is 
impaired during inflammation, and in cases of chorioamnionitis, 
acidosis during labour is likely to advance more rapidly.

In cases of protracted active labour, the use of IT is recom-
mended [26], although the evidence supporting this strong rec-
ommendation is considered to be of low quality. In the present 
study, prolonged labour was strongly associated with switching 
from ET to IT in cases of clinical chorioamnionitis. The use of IT 
was not associated with an increased risk of infection in our pri-
mary RCT [9]. As mentioned, the risk of infection may be more 
closely related to prolonged labour requiring the use of IT rather 
than to the monitoring method itself. It should also be noted that 
the incidence of neonatal infections was similar in both ET and 
IT monitoring groups.

According to our current and previous research [18], it appears 
that IT monitoring offers benefits in terms of fetal tolerance, 

especially during high-risk labours such as those complicated by 
chorioamnionitis. Two RCTs have previously reported smaller 
numbers of operative deliveries due to fetal distress in the IT 
monitoring groups, although the difference did not reach statis-
tical difference in either study [8, 9].

Our study highlights the risk of excessive UA in labours with 
chorioamnionitis as it may compromise fetal well-being. While 
the risk to the neonate during infection depends on various fac-
tors, it is important not to overlook UA when treating this con-
dition. It seems that IT more readily directs actions to protect 
the fetus against fetal distress when treating women with intra-
amniotic infection.

5   |   Conclusions

Chorioamnionitis may lead to lower UA and a reduced response 
to oxytocin compared to deliveries without infection. IT was 
found to provide better control of contractions and a reduced 
risk of fetal distress in labours complicated by chorioamnionitis. 
Therefore, the use of internal monitors should not be avoided 
while managing chorioamnionitis.
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External 
tocodynamometry 

n = 527

Intrauterine 
tocodynamometry 

n = 847

OR 
(MD) 95% CI p ap

n/
mean/

median
%/SD/
Q1–Q3

n/
mean/

median
%/SD/
Q1–Q2

NICU + Apgar < 7 
or UmA pH ≤ 7.10 
(fetal distress)

7 1.3 15 1.8 1.34 0.54–3.31 0.525

NICU length of 
stay > 2 days

0 0.0 16 1.9 0.61 0.59–0.64 0.001 0.997

Paediatric diagnosis for NICU

Neonatal 
asphyxiad

1 0.2 11 1.4 6.62 0.85–51.42 0.074

Infection 0 0.0 31 3.7 0.61 0.58–0.63 < 0.001 0.997

Need for assisted 
ventilation

0 0.0 13 1.5 0.64 0.56–0.73 0.008 0.999

Note: ap-values adjusted for nulliparity, first-stage labour duration, mean oxytocin dose/4 h, maternal age and prepregnancy body mass index.
Abbreviations: CI, confidence interval; CS, caesarean section; MD, mean difference; NICU, neonatal intensive care unit; Q, quartile; SD, standard deviation; UmA, 
umbilical artery; VAD, vacuum assisted delivery; VD, vaginal delivery.
aAdjusted for nulliparity, mean oxytocin dose/4 h, maternal age and prepregnancy body mass index.
bAdjusted for nulliparity, first-stage labour duration, maternal age and prepregnancy body mass index.
c23 missing values.
d156 missing values.

TABLE 5    |    (Continued)
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