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Continued versus discontinued oxytocin stimulation in the  
active phase of labour (CONDISOX): double blind randomised 
controlled trial
Sidsel Boie,1 Julie Glavind,2 Niels Uldbjerg,2 Philip J Steer,3 Pinar Bor,1 on behalf of the  
CONDISOX trial group

AbstrAct
Objective
To determine whether discontinuing oxytocin 
stimulation in the active phase of induced labour is 
associated with lower caesarean section rates.
Design
International multicentre, double blind, randomised 
controlled trial.
setting
Nine hospitals in Denmark and one in the Netherlands 
between 8 April 2016 and 30 June 2020.
ParticiPants
1200 women stimulated with intravenous oxytocin 
infusion during the latent phase of induced labour.
interventiOn
Women were randomly assigned to have their oxytocin 
stimulation discontinued or continued in the active 
phase of labour.
Main OutcOMe Measure
Delivery by caesarean section.
results
A total of 607 women were assigned to 
discontinuation and 593 to continuation of the 
oxytocin infusion. The rates of caesarean section were 
16.6% (n=101) in the discontinued group and 14.2% 
(n=84) in the continued group (relative risk 1.17, 95% 
confidence interval 0.90 to 1.53). In 94 parous women 
with no previous caesarean section, the caesarean 
section rate was 7.5% (11/147) in the discontinued 
group and 0.6% (1/155)in the continued group 
(relative risk 11.6, 1.15 to 88.7). Discontinuation was 
associated with longer duration of labour (median 

from randomisation to delivery 282 v 201 min; 
P<0.001), a reduced risk of hyperstimulation (20/546 
(3.7%) v 70/541 (12.9%); P<0.001), and a reduced 
risk of fetal heart rate abnormalities (153/548 
(27.9%) v 219/537 (40.8%); P<0.001) but rates of 
other adverse maternal and neonatal outcomes were 
similar between groups.
cOnclusiOns
In a setting where monitoring of the fetal condition 
and the uterine contractions can be guaranteed, 
routine discontinuation of oxytocin stimulation may 
lead to a small increase in caesarean section rate but 
a significantly reduced risk of uterine hyperstimulation 
and abnormal fetal heart rate patterns.
trial registratiOn
ClinicalTrials.gov NCT02553226.

Introduction
Approximately a quarter of all term pregnant women 
have their labour induced.1-3 This often includes 
stimulation with oxytocin.4 The stimulation requires 
a delicate balance between the wish for progression 
of labour and the risks to the fetus and mother of 
uterine hyperstimulation, defined as more than five 
contractions in 10 minutes in response to oxytocin.5-7 
Different approaches to oxytocin administration have 
been suggested, such as pulsatile or intermittent 
administration,8 9 an automatic feedback system,10 
high versus low dose,11 and/or discontinuation of 
the stimulation when the active phase of labour is 
reached.12

Four meta-analyses and two more recent studies 
have suggested that once a woman is in active 
labour, the labour will continue even if oxytocin 
stimulation is stopped, resulting in a lower risk of 
caesarean section for fetal indications secondary 
to uterine hyperstimulation.12-17 However, only one 
study randomised women at time of the intervention, 
whereas the remaining studies randomised women in 
early labour and consequently included a significant 
fraction of women who delivered by caesarean 
section before they received the intervention.12 In 
the Cochrane meta-analysis, a subanalysis restricted 
to trial participants who actually reached the active 
phase of labour showed little or no effect on the 
caesarean section rate.12 Whether discontinuing 
oxytocin stimulation is advantageous therefore 
remains uncertain. The aim of this trial was to test 
whether discontinuation of oxytocin stimulation, once 
the active phase of induced labour is achieved, reduces 
the overall caesarean section rate.
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WhAt Is AlreAdy knoWn on thIs topIc
Four meta-analyses suggest that once a woman is in active labour, the labour 
process continues even if oxytocin stimulation is stopped and results in a lower 
risk of caesarean section
A 2018 Cochrane review questions the quality of previous studies owing to 
design limitations and judges many of the trials to be at either high or unclear 
risk of bias across several “risk of bias” domains

WhAt thIs study Adds
This is the largest truly double blinded trial on discontinuation of oxytocin 
stimulation in the active phase of induced labour
In a setting where monitoring of the fetal condition and the uterine contractions 
can be guaranteed, routine discontinuation of oxytocin stimulation may lead to a 
small increase in the rate of caesarean section
However, the risks of uterine hyperstimulation and abnormal fetal heart rate 
were significantly reduced after discontinuation
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Methods
trial design
We conducted a double blind, randomised, placebo 
controlled multicentre trial. Recruitment took place 
in nine delivery wards in Denmark and one in the 
Netherlands. The protocol was published in 2018.18

Participants
Women were eligible if they had a singleton live 
fetus with a cephalic presentation at term and were 
stimulated with oxytocin for elective induction of 
labour or following spontaneous pre-labour rupture 
of membranes without progression in labour. The 
exclusion criteria were age under 18 years, need for 
an interpreter to understand the information material, 
multiple pregnancy, more than one previous caesarean 
section, greater than 4 cm of cervical dilatation at the 
time of oxytocin infusion, fetal heart rate abnormalities 
before oxytocin infusion, and an estimated fetal weight 
of more than 4500 g. All participants gave verbal and 
written informed consent before randomisation on or 
after initiation of induction of labour.

randomisation and masking
Inclusion and randomisation were primarily facilitated 
by the midwives on duty. They used an internet based 
randomisation programme to randomly assign eligible 
women to one of the two interventions in a one to 
one ratio. Random block sizes of four, six, and eight 
were used, and the women were stratified by site, 
parity (nulliparous; parous with or without previous 

caesarean), and indication for oxytocin infusion 
(induction of labour or induction due to pre-labour 
rupture of membranes). The randomisation number 
generated by the computer program corresponded 
to the number on the study medication (Denmark: 
masked, identical ampoules; Netherlands: masked, 
identical infusions). In case of technical or staff 
difficulties with the computerised randomisation 
(n=26), the women were given the study medication 
with the lowest available number. Accordingly, women, 
care givers, and trial managers were all blinded to the 
allocation.

Oxytocin stimulation protocol
The stimulation regimen used in this study was similar 
to the current Danish and Dutch recommendations 
on oxytocin stimulation for induced labour. An 
intravenous infusion of 10 IU oxytocin (Sigma Tau 
Pharmaceuticals) diluted in 1000 mL of isotonic 
saline (Denmark) or 5 IU oxytocin diluted in  
50 mL of isotonic saline (Netherlands) was started at  
3.3 mIU/min and increased every 20 minutes by 
3.3 mIU/min until regular contractions (three to five 
contractions every 10 minutes) were achieved. The 
maximum authorised infusion rates were 30 mIU/min 
in Denmark and 33 mIU/minute in the Netherlands. 
Women were randomised when the active phase 
of labour was established, defined as ruptured 
membranes with complete effacement of the cervix, 
cervical dilatation of at least 6 cm, and at least three 
contractions every 10 minutes. After randomisation, 
the infusion was replaced by the study medication. 
The continued group received oxytocin at the standard 
concentration, whereas the discontinued group 
received placebo with saline. The study medication 
was set to the same infusion rate as the initial oxytocin 
infusion and was adjusted (discontinued, reduced, or 
increased) by the birth attendants according to the 
clinical situation. All participants were continuously 
monitored with cardiotocography. Antibiotics were 
recommended if the woman was a candidate for 
group B Streptococcus prophylaxis, in case of an 
isolated temperature of 38.5°C or higher, or in case of 
maternal pyrexia during labour (temperature ≥38.2°C 
with epidural; ≥38°C without epidural) combined 
with signs of intrauterine infection or combined with 
an interval since rupture of membranes exceeding 18 
hours.

We defined slow progress (dystocia) in the first stage 
of labour as a cervical dilatation of less than 2 cm every 
four hours despite three to five uterine contractions 
in 10 minutes and/or after reaching the maximum 
infusion dose. We defined slow labour progress in the 
passive second stage as descent of the presenting part 
not reaching 2 cm below the ischial spines within three 
hours and in the active second stage if delivery was 
not achieved within two hours of maternal expulsive 
efforts. In women who fulfilled these dystocia criteria, 
the study medication was replaced with open label 
administration of oxytocin infusion with a starting 
dose rate of 3.3 mIU/min.

Placebo

Plain saline resulting in 
cessation of infusion

607
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Visual Abstract Reduced oxytocin stimulation in labour
The impact of discontinuing infusion in active phase

Routine discontinuation of oxytocin stimulation in the active phase 
of labour (≥ cm of cervical dilatation) may lead to a small increase 
in caesarean section rate but a significantly reduced risk of uterine 
hyperstimulation and abnormal fetal heart rate patterns

Summary

Study design Randomised 
controlled trial

Double 
blind

People recruited from one Dutch 
and nine Danish hospitals

1198 pregnant 
women

Population Mean age 
31 years old

Nulliparous  
67%

Median pre-pregnancy 
body mass index 25

ClinicalTrials.gov: NCT

Comparison All participants received synthetic oxytocin 
infusion until  cm of cervical dilatation

Oxytocin

Continued infusion 
of synthetic oxytocin
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trial outcomes
The primary outcome was caesarean section. Secondary 
maternal and neonatal outcomes are listed in the 
tables of results. Data collection was carried out by the 
researcher (midwife or physician) at each participating 
site and managed using an electronic data capturing 
tool hosted at Aarhus University, REDCap (Research 
Electronic Data Capture).21 The Childbirth Experience 
Questionnaire was sent to the women one month 
after the birth to evaluate the mothers’ expectations 
and childbirth experience. The transcultural adapted 
Danish Childbirth Experience Questionnaire assesses 
three domains of the experience of childbirth: the 
woman’s own capacity (her sense of control and 
personal feelings during childbirth), professional 
support (the woman’s receipt of information and 
midwifery care), and participation in the birth (the 
woman’s ability to influence the birthing process).22 
Responses were scored according to the scoring 
instructions of the Danish questionnaire.22 Scores in 
each domain range from 1 to 4, with higher scores 
indicating a better childbirth experience.

statistical analysis
The power calculation was based on data from an 
earlier Danish study in which the caesarean section 
rate in women continuously stimulated with oxytocin 
was 22%, compared with 15% in the discontinued 
group.23 On the basis of these numbers and with an 
α of 0.05, a  total  sample size of 1200 women  (600 
per group) would provide a power of at least 80% to 
detect a difference of 7% in the caesarean section rate 
between the two regimens.

We analysed participants according to intention 
to treat in their assigned group, regardless of their 
adherence to the assignment. Baseline demographic 
data were presented with counts and percentages for 
categorical variables, means and standard deviations 
for continuous Gaussian distributed variables, and 
medians and interquartile ranges for continuous non-
Gaussian variables. We assessed the primary outcome 
variable by using a χ2 square test with a significance 
threshold P value of below 0.05 to compare the event 
rates in the two groups. We presented the results as 
absolute and relative risks along with 95% confi-
dence intervals. We assessed categorical secondary 
outcomes in the same way as the primary outcome. 
For continuous secondary outcomes with a Gaussian 
distribution (after log transformation if appropriate), 
we assessed differences between groups by using the 
student’s t test; if the data were non-Gaussian, we used 
a non-parametric Mann-Whitney U test. Non-inferiority 
testing was performed with a pre-stated margin of non-
inferiority boundary at 1.09.

To assess the women’s experience of childbirth 
as measured with the Childbirth Experience Ques-
tionnaire, we did a complete case analysis, using the 
unpaired t test, to compare the mean subscale scores 
and the mean total score (the average of the individual 
subscale scores) between women in the two groups. We 
used a Mann-Whitney U test to calculate P values. In 

cases with a few missing items, we used the half scale 
method so that when the respondent had answered at 
least half the items in the scale, the sum of the scores 
was divided by the number of answered items.24

For the primary outcome, we did pre-specified 
subgroup analyses according to parity (nulliparous, 
parous, and parous with previous caesarean section) 
and indication for stimulation (pre-labour rupture of 
membranes or induction of labour). We used Stata 
software, version 14, for all analyses.

trial monitoring
Assessment for safety and adverse events was based 
on the most recent available summary of product 
characteristics for oxytocin. An independent Data 
Monitoring and Ethics Committee met yearly throughout 
the trial to discuss the yearly interim analyses 
conducted during the course of the trial for the purpose 
of monitoring efficacy and safety. This committee 
elaborated a yearly report for the independent Trial 
Steering Committee, with a conclusion on trial safety 
and progression based on the interim analysis. The 
Trial Steering Committee provided independent advice 
to the trialists based on the Data Monitoring and Ethics 
Committee’s conclusion.

Patient and public involvement
As it was not customary in Denmark when the trial 
was designed, no women were involved in setting the 
research question or the outcome measures, nor were 
they involved in developing plans for recruitment, 
design, or implementation of the study, and no women 
were asked to advise on interpretation or writing up of 
results.

results
A total of 1200 women were randomised between 8 
April 2016 and 30 June 2020 (fig 1). Two women in 
the continued group subsequently withdrew consent, 
and their data were therefore not included in the final 
analysis. The number of women recruited from each 
site is shown in supplementary table A.

A total of 1849 women signed the informed consent 
form, of whom 649 (35%) were not randomised; in 
202 (11%) women, this was due to rapid progression 
of labour (supplementary table B). For reasons shown 
in figure 1, 127 (11%) women never received the 
allocated intervention (65 women in the discontinued 
group and 62 women in the continued group). The 
baseline characteristics were similar in the two groups 
(table 1).

Data on the primary outcome were available for 
all women included in the intention to treat analysis. 
No statistically significant difference existed in 
the frequency of caesarean section between the 
discontinued group (101 (16.6%) caesarean sections 
in 607 women) and the continued group (84 (14.2%) 
caesarean sections in 591 women) (relative risk 
1.17, 95% confidence interval 0.90 to 1.53; absolute 
difference 2.4%, –1.7% to 6.5%). The pre-specified 
non-inferiority testing (with a boundary of 1.09) was 
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inconclusive (P=0.70). The result was not substantially 
different in a per protocol analysis (relative risk 1.30, 
0.94 to 1.80).

Data on secondary outcomes showed that 
discontinuation of oxytocin was associated with a 
longer duration of labour (median from randomisation 
to delivery 282 v 201 min; P<0.001), a reduced risk of 
hyperstimulation (3.7% v 12.9%; P<0.001), a reduced 
risk of fetal heart rate abnormalities (27.9% v 40.8%; 
P<0.001), and similar rates of other adverse maternal 
and neonatal outcomes (table 2 and table 3). Among 
the 858 (72%) women who returned the Childbirth 
Experience Questionnaire four weeks postpartum, we 
observed no significant differences between the two 
groups in the subscale scores or total scores (indicating 

level of satisfaction with the childbirth experience) 
(table 4).

The pre-specified subgroup analysis in 94 parous 
women with no previous caesarean section found 
a caesarean section rate of 7.5% (11/147) in the 
discontinued group and 0.6% (1/155) in the continued 
group (relative risk 11.6, 1.15 to 88.7). The other pre-
specified subgroup analyses did not find any significant 
difference in caesarean section rate between groups. In 
802 nulliparous women, the caesarean section rate was 
18.8% for both groups (76/404 in the discontinued 
group; 75/398 in the continued group) (relative risk 
1.00, 0.75 to 1.33). In parous women with previous 
caesarean section, the caesarean section rate was 
25% (14/56) in the discontinued group versus 21.1% 

Women assessed for eligibility

Women excluded
Declined to participate
Consented, but were not randomised 
Unrecorded

1235
649
228

Women randomised

Did not receive allocated intervention
Rapid progression
Participant’s preference
Obstetric complication
Randomisation failure
Staff preference
Unknown reason

26
4
7
5
4

16

62
Did not receive allocated intervention

Rapid progression
Participant’s preference
Obstetric complication
Randomisation failure
Staff preference
Unknown reason

24
9

13
9
1
9

65

Discontinued in accordance with protocol
Slow progression of labour
Hyperstimulation

183
29

Allocated to discontinued stimulation

1200

3312

2112

607
Allocated to continued stimulation

593

Received allocated intervention
542

212

Discontinued intervention not
in accordance with protocol

Slow progression of labour
Other

67
32

Discontinued in accordance with protocol
Slow progression of labour
Hyperstimulation

75
58

133

Received allocated intervention
531

Women analysed according to intention to treat
607

Women analysed according to intention to treat
591

Women excluded due to withdrawn consent

99
Discontinued intervention not

in accordance with protocol
Slow progression of labour
Other

26
38

64

2

Fig 1 | consort flow diagram
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(8/38) in the continued group (relative risk 1.19, 
0.55 to 2.55). In the 779 women with induced labour 
starting with intact membranes, 17.5% (70/400) in the 
discontinued group had a caesarean section compared 
with 16.9% (64/379) in the continued group (relative 
risk 1.04, 0.76 to 1.41). In the 419 women with 
prelabour rupture of membranes, 15% (31/207) in 
the discontinued group delivered by caesarean section 
compared with 9.5% (20/212) in the continued group 
(relative risk 1.58, 0.94 to 2.69).

Stopping the study medication happened both in 
accordance and not in accordance with the protocol for 
the reasons listed in table 5. The total number of women 
who stopped the study medication differed between 
the two groups: 311 (51.2%) in the discontinued group 

and 197 (33.3%) in the continued group (P<0.0001). 
In cases of slow labour progress as the reason for 
stopping, all women had study medication changed to 
open label oxytocin.

Because of the large number of women in whom 
the trial medication was stopped not in accordance 
with the protocol, we did a further analysis by actual 
treatment. We compared the women who had placebo 
throughout (n=224) or oxytocin throughout (n=328) 
with those switched to open label oxytocin (311 
originally allocated to discontinued treatment and 197 
originally allocated to continued treatment). Women 
in the groups continuing with study medication 
throughout had very low caesarean section rates 
compared with women who were switched to open label 

table 1 | baseline characteristics. values are numbers (percentages) unless stated otherwise

baseline characteristics
study population

Discontinued (n=607) continued (n=591)
Mean (SD) maternal age, years 31.0 (4.9) 31.3 (4.9)
White European 531/583 (91.1) 510/561 (90.9)
Median (IQR) pre-pregnancy BMI 25.2 (22.2-29.8) 24.8 (22.1-29.0)
Pre-pregnancy BMI >30 151 (24.9) 126 (21.3)
Smoking during pregnancy 96/593 (16.2) 79/580 (13.6)
Married or living with partner 538/597 (90.1) 534/586 (91.1)
Parity:
 Nulliparous 404 (66.6) 398 (67.3)
 Parous with no previous caesarean section 147 (24.2) 155 (26.2)
 Parous with previous caesarean section 56 (9.2) 38 (6.4)
Medical history during pregnancy:
 Gestational diabetes 53 (8.7) 58 (9.8)
 Diabetes mellitus type 1 8 (1.3) 5 (0.8)
 Diabetes mellitus type 2 7 (1.2) 1 (0.2)
 Hypertensive disorders* 97 (16.0) 92 (15.6)
 Small for gestational age19 13 (2.1) 15 (2.5)
Autoimmune/Inflammatory disease † 31 (5.1) 35 (5.9)
Use of antidepressive medication at term 21 (3.5) 18 (3.0)
Median (IQR) length of gestation at birth, weeks 40+3 (39+1-41+2) 40+3 (39+1-41+3)
Indication for labour induction:
 Ruptured membranes 230 (37.9) 221 (37.4)
 Diabetes 43 (7.1) 39 (6.6)
 Postdate pregnancy‡ 102 (16.8) 120 (20.3)
 Hypertensive disorders* 66 (10.9) 71 (12.0)
 BMI ≥35§ 24 (4.0) 18 (3.0)
 Oligohydramnios¶ 14 (2.3) 8 (1.4)
 Maternal request 27 (4.4) 21 (3.6)
 Other** 101 (16.6) 93 (15.7)
Cervical ripening:
 Prostaglandins 253 (41.7) 237 (40.1)
 Cervical ripening catheter 84 (13.8) 85 (14.4)
 Both 39 (6.4) 40 (6.8)
Cervical dilatation at time of randomisation: (n=590) (n=565)
 <6 cm 15 (2.5) 7 (1.2)
 6 cm 256 (42.2) 272 (46.0)
 7 cm 108 (17.8) 118 (20.0)
 8 cm 96 (15.8) 71 (12.0)
 9 cm 52 (8.6) 33 (5.6)
 10 cm 63 (10.4) 64 (10.8)
Mean (SD) birth weight, g 3646 (509) 3596 (502)
Female sex of newborn 283 (46.6) 275 (46.6)
BMI=body mass index; IQR=interquartile range.
Missing data: White European=54, Smoking during pregnancy=25, Married or living with partner=15, cervical dilatation at time of randomisation=43.
*Pre-pregnancy hypertension, gestational hypertension, and pre-eclampsia.
†Inflammatory bowel disease, systemic lupus erythematosus, hyperthyroidism, and hypothyroidism.
‡Induction of labour at gestational age 41+3-41+5.
§Induction of labour at gestational age 41+0.
¶Largest fluid pocket <2 cm diameter.20

**Suspected macrosomina,19 reduced fetal movements, or obstetric cholestasis.
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oxytocin (13/224 (5.8%) and 17/328 (5.2%) versus 
73/311 (23.5%) and 57/197 (28.9%); P<0.0001) and 
were more likely to be parous (104/224 (46.4%) and 
119/328 (36.3%) versus 64/311 (20.6%) and 40/197 
(20.3%); P<0.0001). In addition, women not switched 
to open label oxytocin had smaller babies (mean 3586 
(SD 528) g and 3582 (492) g versus 3697 (499) g and 
3665 (504) g) and shorter labours (mean 404 (244) 
min and 461 (313) min versus 747 (322) min and 731 
(347) min; P<0.0001).

One neonatal death was reported in the discontinued 
group. The macrosomic baby was born vaginally of a 

diabetic mother, with an Apgar score of 1/1 and 7/5. 
The baby was immediately resuscitated by intubation 
and was then admitted to the neonatal intensive 
care unit. The baby was diagnosed as having severe 
haemolysis and a subgaleal haematoma and died aged 
5 days.

The randomisation code was broken before delivery 
in two women owing to withdrawal of consent 
and on maternal request to change to open label 
administration if not already given. In one woman, 
the randomisation code was broken three months 
postpartum on maternal request in a participant with 

table 2 | Maternal outcomes. values are numbers (percentages) unless stated otherwise

Maternal outcomes
study population

relative risk (95% ci) P valueDiscontinued (n=607) continued (n=591)
Primary outcome
Caesarean section 101 (16.6) 84 (14.2) 1.17 (0.90 to 1.53) 0.25
secondary maternal outcomes
Indication for caesarean section*: - -
 Dystocia 62 (10.2) 58 (9.8)
 Suspicion of fetal asphyxia 26 (4.3) 13 (2.2) - -
 Suspicion of uterine rupture 3 (0.5) 1 (0.2) - -
 Chorioamnionitis 2 (0.3) 1 (0.2) - -
 Other 8 (1.3) 11 (1.9) - -
Assisted vaginal delivery (use of forceps or vacuum) 64 (10.5)† 67 (11.3)† 0.93 (0.67 to 1.28) 0.66
Median (IQR) duration from start of initial  
oxytocin infusion to delivery, min

535 (314-797) 477 (272-727) - 0.01

Median (IQR) duration from time of  
randomisation to delivery, min

282 (119-484) 203 (77-397) - <0.001

Median (IQR) duration of second stage of labour*‡, min 95 (31-198) 78 (29-182) - 0.07
Epidural use: 386 (63.6) 350 (59.2) 1.07 (0.98 to 1.17) 0.14
 Before randomisation 304 (50.1) 295 (49.9) 1.00 (0.90 to 1.12) 0.95
 After randomisation 83 (13.7) 57 (9.6) 1.42 (1.03 to 1.95) 0.03
Uterine tachysystole during labour:
 Before intervention 61/599 (10.2) 80/585 (13.7) 0.74 (0.54 to 1.02) 0.06
 During intervention 20/546 (3.7) 70/541 (12.9) 0.28 (0.17 to 0.46) <0.001
Third or fourth degree perineal tears§ 25/506 (4.9) 27/507 (5.3) 0.92 (0.54 to 1.57) 0.76
Postpartum haemorrhage within 24 h: (n=605) (n=590)
 >1000 mL 84 (13.8) 102 (17.3) 0.80 (0.61 to 1.05) 0.10
 >1500 mL 43 (7.1) 51 (8.6) 0.82 (0.56 to 1.21) 0.32
Postpartum blood transfusion 8 (13.2) 11 (18.6) 0.71 (0.29 to 1.75) 0.45
Evacuation of retained tissue 39/605 (7.7) 45/590 (8.9) 0.86 (0.58 to 1.31) 0.50
Maternal pyrexia during labour* 70/606 (11.6) 52/591 (8.8) 1.31 (0.93 to 1.85) 0.12
Uterine rupture 0 0 .. ..
Urinary retention¶ 25/601 (4.2) 20/586 (3.4) 1.22 (0.68 to 2.17) 0.50
Puerperal infection during admission** 26/601 (4.3) 27/591 (4.6) 0.95 (0.56 to 1.60) 0.83
Postpartum hospital stay:
 ≤2 days 261 (43.0) 284 (48.1) 0.89 (0.79 to 1.10) 0.08
 >2 days 346 (57.0) 307 (51.9) 1.10 (0.99 to 1.22) 0.08
Exclusive breast feeding at discharge* 403/589 (68.4) 378/569 (66.4) 1.03 (0.95 to 1.12) 0.47
Readmission within 7 days: 31/605 (5.1) 41/589 (7.0) 0.74 (0.47 to 1.16) 0.18
 Puerperal infection†† 11 (1.8) 9 (1.5) - -
 Bowel obstruction 1 (0.2) 2 (0.4) - -
 Thrombo-embolic complication 0 1 (0.2) - -
 Other‡‡ 19 (3.1) 29 (4.9) - -
Maternal death within 7 days 0 0 - -
The following pre-specified secondary outcome measures were not collected owing to logistical difficulties: breast feeding (time to establishment and duration of exclusive breast feeding), 
episiotomy, dose and duration of oxytocin stimulation, and time of birth of placenta.
Number of missing data: Hyperstimulation prior to intervention=14, Hyperstimulation after intervention=111, Postpartum haemorrhage=3, Maternal pyrexia during labour=1, Urinary 
retention=11, Puerperal infection during admission=6, Exclusive breastfeeding=40, Readmission within 7 days=4. 
*Not a pre-specified outcome measure.
†All vacuum extractions except for one forceps delivery.
‡Reported for those reaching this stage of labour.
§Vaginal deliveries only.
¶No spontaneous urination 6 h after vaginal delivery or 6 h after removal of catheter if caesarean section.
**Two confirmed maternal temperatures of ≥38°C at least 4 h apart.
††Endometritis, urinary tract infection, and wound infection.
‡‡Suspected infection, to accompany sick neonate, or pre-eclampsia/eclampsia.
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postnatal depression; at this point all relevant data 
had already been entered in the database.

discussion
This double blind, randomised multicentre trial found 
that, in a setting where monitoring of the fetal condition 
and the uterine contractions can be guaranteed, a 
policy of discontinuation of oxytocin may lead to a 
small increase in the risk of caesarean section. On 
the other hand, the risk of uterine hyperstimulation 
and abnormal fetal heart rate was significantly 
reduced when oxytocin was discontinued, and this 
may be important in settings where close observation 
of mother and fetus may be challenging owing to 
shortages of resources. Other maternal and neonatal 
outcomes, including the women’s birth experience, did 
not differ significantly between the groups.

strengths and limitations of study
The strength of our study is the well organised, 
multicentred, and truly double blind design and the 
large sample size. The blinding reduces or eliminates 
the experimental biases that may arise from the 
expectations of the women and the expectations of the 
birth attendants, whose own expectations may have an 
important effect on the clinical management of labour. 
Furthermore, randomisation and intervention were 
concomitant, resulting in only two post-randomisation 
dropouts (due to withdrawn consent) compared with 
5.0-13.2% dropouts in previous trials.12

A significant limitation of the trial was the relatively 
high proportion of women who stopped the study 
medication both in accordance with the protocol 
(212/607 (34.9%) in the discontinued group and 
133/591 (22.5%) in the continued group) and not 
in accordance with the protocol (99/607 (16.3%) in 
the discontinued group and 64/591 (10.8%) in the 
continued group). Previous open label trials have 
reported similar proportions of women (36-46.4%) in 
the discontinued group having oxytocin restarted.23 26

For reasons not recorded because the phenomenon 
was not anticipated, if the birth attendants decided to 
restart stimulating the labour, they usually chose to use 
open label oxytocin rather than the study medication. 
This resulted in some loss of power with regard to our 
primary hypothesis, so a reduction in the caesarean 
section rate from discontinuation of the oxytocin has 
not been ruled out (the lower confidence interval is a 
1.7% reduction in caesarean section rate).

Anecdotally, birth attendants involved with the trial 
reported a general impatience with slower than average 
rates of cervical dilatation, leading to pressure from 
medical and midwifery colleagues to restart oxytocin 
even though the trial criteria for this had not been met. 
Ambiguity about oxytocin use among birth attendants 
has been reported previously.27 Furthermore, the 
high number of women being changed to open label 
infusion could also reflect insecurity among the birth 
attendants as to whether placebo is a safe option. 
This could be an argument for repeating the trial, as 

table 3 | neonatal outcomes. values are numbers (percentages) unless stated otherwise

neonatal outcomes
study population

relative risk (95% ci) P valueDiscontinued (n=607) continued (n=591)
Perinatal death:
 Stillbirth 0 0 - -
 Within 7 days postpartum 1 (0.2) 0 - -
Fetal heart rate abnormalities during labour*:
 Before intervention 103/603 (17.1) 90/584 (15.4) 1.11 (0.86 to 1.44) 0.44
 During intervention 153/548 (27.9) 219/537 (40.8) 0.68 (0.57 to 0.81) <0.001
Apgar score at 5 min:
 <4 0 0 - -
 4-7 6 (1.0) 4 (0.7) 1.46 (0.45 to 5.24) 0.55
Umbilical cord arterial pH: (n=536) (n=506)
 <7.00 3 (0.5) 0 - -
 7.00-7.10 39 (6.4) 40 (6.8) 0.95 (0.62 to 1.45) 0.81
CPAP treatment 24 h postpartum 84/607 (13.8) 72/589 12.2) 1.13 (0.84 to 1.52) 0.41
Intubation 24 h postpartum 1 (0.2) 1 (0.2) 0.97 (0.61 to 15.5) 0.98
NICU admission 53 (8.7) 52 (8.8) 0.99 (0.69 to 1.43) 0.96
Diagnosis during NICU admission:
 Respiratory distress 19 (3.1) 21 (3.6) - -
 Infection 10 (1.6) 6 (1.0) - -
 Neonatal asphyxia 1 (0.2) 1 (0.2) - -
 Neonatal seizure 1 (0.2) 1 (0.2) - -
 Birth trauma† 1 (0.2) 2 (0.3) - -
 Hyperbilirubinaemia 2 (0.3) 2 (0.3) - -
 Hypoglycaemia 4 (0.7) 0 - -
 Other‡ 12 (2.0) 14 (2.4) - -
 Unknown 3 (0.5) 5 (0.8) - -
Treated for hyperbilirubinemia during admission 31 (5.1) 31 (5.2) 0.98 (0.60 to 1.59) 0.94
CPAP=continuous positive airway pressure; NICU=neonatal intensive care unit.
Number of missing data: Fetal heart rate abnormalities prior to intervention=11, Fetal heart rate abnormalities during intervention=113, umbilical cord arterial pH=156, CPAP treatment=2, 
treated for hyperbilirubinemia=23.
*Classification by FIGO 1985.25

†Cephalohaematoma and/or subgaleal haematoma.
‡Low birth weight, congenital malformations, dehydration, or suspected infection.
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the results show that discontinuing oxytocin in the 
active phase of labour is not harmful, and this might 
encourage birth attendants to stick to the protocol in 
future.

With respect to external validity, the trial included 
women from secondary and tertiary level hospitals, 
and the results are generalisable to countries with 
similar demographics. Considerable heterogeneity 
exists in the methods used for induction around the 
world,4 28 and the methods of induction have differing 
efficacy. Most participating units in the study used oral 
prostaglandin ripening followed by amniotomy and 
oxytocin infusion. However, for parous women with 
a previous caesarean delivery, cervical priming with a 
double balloon catheter was preferred. We did not pre-
define the indications for induction of labour. Hence, 
whether the results of this trial would be generalisable 
to centres that use other methods of induction or other 
oxytocin stimulation regimens is unclear.

During the study period, an additional 202 Danish 
women consented to participate, but staff were left 
with no time for randomisation and intervention owing 
to rapid progression of labour. For the Dutch women 
(n=122) who consented but were not randomised, 
the reason was not recorded, but we have no reason 
to believe that the reasons in the Dutch setting were 
different. The women with rapid progression of labour 
might potentially have benefitted the most from 
discontinuation of oxytocin, and this might explain 
the lack of difference in the caesarean section rates 
between the two groups in our study. Discontinuing 
oxytocin infusion selectively in women with faster 
than average cervical dilatation rates may thus be 
an advantage. Future studies could focus on this 
subgroup.

comparison with other studies
The result of the trial differs from those of previously 
published studies and meta-analyses, which suggested 
that oxytocin discontinuation significantly reduces the 

risk of caesarean section.12-17 However, most of the 
previous studies were designed to measure another 
primary outcome—namely, duration of labour. Many 
of these studies had limitations: imbalanced post-
randomisation dropouts before intervention, open 
label administration, and small sample sizes of 100-
200 women.

Furthermore, our population differs in terms of 
cervical dilatation at the time of intervention, inclusion 
of women with previous caesarean section, proportion 
of nulliparous women, and birth weight.12 In contrast 
to our findings on caesarean section rate, we agree 
with all other published papers that the rate of uterine 
hyperstimulation and abnormal fetal heart rate is 
significantly and substantially lower when oxytocin 
stimulation is discontinued in the active phase of 
induced labour. Although we saw no significant 
effect on neonatal outcome in our closely monitored 
environment, this may be of considerable importance 
in settings where close monitoring of the mother and 
baby is not feasible.

Also, in line with several previous studies,12 29 we 
found oxytocin stimulation to have little or no effect 
on the duration of the second stage of labour. This 
suggests that oxytocin might not be necessary during 
descent and expulsion of the fetus.

conclusion
We conclude that in a setting where monitoring of 
the fetal condition and the uterine contractions can 
be guaranteed, routine discontinuation of oxytocin 
stimulation may lead to a small increased risk of 
caesarean section but a significantly reduced risk of 
uterine hyperstimulation and abnormal fetal heart rate.
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table 4 | childbirth experience*

Domain
study population

P valueDiscontinued (n=451; 75%) continued (n=407; 69%)
Own capacity 2.79 (0.63) 2.84 (0.61) 0.21
Participation 3.16 (0.76) 3.10 (0.79) 0.34
Professional support 3.79 (0.40) 3.76 (0.42) 0.26
Overall score 3.11 (0.47) 3.13 (0.50) 0.66
*Mean (SD) Childbirth Experience Questionnaire scores on scale from 1 to 4, with 4 being optimum.

table 5 | reasons for discontinuation of study medication. values are numbers 
(percentages) unless stated otherwise

reason for discontinuation of study medication

study population
Discontinued  
(n=607)

continued  
(n=591) P value

Slow labour progress in accordance with protocol 183 (30.1) 75 (12.7) <0.001
Slow labour progress not in accordance with protocol 67 (11.0) 26 (4.4) <0.001
Uterine tachysystole or FHR abnormalities 29 (4.8) 58 (9.8) 0.002
Other (pyrexia, meconium stained amniotic fluid)  
not in accordance with protocol

32 (5.3) 38 (6.4) 0.42

Total 311 (51.2) 197 (33.3) <0.001
FHR=fetal heart rate.
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